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ABSTRACT OF THE DISSERTATION  

Making Sense of Reform in Mathematics Education:  The Impact on Practice by 

Interactions Between Teachers’ Beliefs, Reform Policy and Collaboration 

 

by 

 

Laura R. Javier 
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The United States is undergoing another large-scale reform as an attempt to 

improve education.  The goal of this study was to investigate the sense that mathematics 

high school teachers make of this new reform, Common Core State Standards for 

Mathematics (CCSSM).  Using the sensemaking theoretical framework, I investigated 

how teachers interpret, adopt, and enact this national education reform.  Furthermore, I 

studied how the interactions of internal and external factors affected the practice of 

teacher leaders.   

This mixed-method study consisted of two phases.  For Phase One, all 

mathematics teachers in one district were invited to participate.  Five teachers who were 

identified as teacher leaders at their schools and supporters of CCSSM were selected for 
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Phase Two.  Both qualitative and quantitative methods were used to analyze the different 

data sources.   

The results of the study indicate that interactions between teachers’ internal and 

external factors mediate teacher sensemaking of reform and that multi-agent models can 

be used to investigate the connections among key factors.  Moreover, teachers’ beliefs, 

experience, and collaboration (formal and informal) played an important role in their 

sensemaking processes affecting their teaching.   

The results indicated there is both congruence and misalignment on how teachers 

perceive the goals of CCSSM.  In addition, collaboration was one of the most influential 

factors in affecting their instruction.  These teachers made sense of standards, lessons, 

and assessments in interaction with their colleagues.   

Finally, the results from this study inform policy officials and district leaders that 

they need to pay attention to how teacher collaboration and Professional Development 

(PD) is structured as they take into account teachers’ experiences and beliefs.  PD needs 

to be differentiated for teachers based on their individual needs.  Recommendations for 

PD include:  how to teach the Mathematical Practice Standards, how to teach students to 

be effective communicators (orally and in writing), and how to incorporate collaborative 

work into their practice.  Another recommendation is to evaluate the effectiveness of the 

structure for teacher collaboration.  Both formal and informal collaboration are key 

factors as teachers implement new reforms.  Providing teachers enough time to 

collaborate with colleagues will help teachers enact this new reform.  
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CHAPTER I: INTRODUCTION 

Reforming schools has been a recurring approach to improve education and 

society (Fullan, 1990).  The United States is pursuing another large-scale reform, which 

involves federal and state government, districts, and schools (Fullan, 2009).  According to 

the performance of students on national and international assessments, there exists a need 

to increase student achievement in the United States as well as to close the achievement 

gap between white and underrepresented students.   

This study examines how mathematics high school teachers in one district make 

sense of reform.  More importantly, how do teacher leaders perceive changes to their 

practice as a result of their enactment of the new reform?  In this chapter, I provide an 

overview of the rationale for the reform and I offer a brief history of mathematics 

education.  Next, I summarize the goals of Common Core State Standards for 

Mathematics (CCSSM), and I describe how one district is implementing this change.  I 

conclude with the goals of this study. 

Overview of the Rationale for Reform 

The need for reform is demonstrated clearly by the results of international and 

national assessments (Stigler & Hiebert, 2009).  The National Assessment of Educational 

Progress (NAEP) results highlight the achievement gap between white and 

underrepresented students.  The NAEP results indicate that students in the United States 

need to improve their mathematics achievement (National Center for Education Statistics, 

2013). 
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 Although performance of fourth and eighth graders has improved from 1990 to 

2013, achievement gaps continue to exist between white-black and white-Latino students.  

Moreover, the achievement gaps of proficiency attainment between white-black and 

white-Latino students has widened in 2013 from 1990 by 21% and  17%, respectively 

(see Figure 1).   

 

Fourth Grade Eighth Grade 

  

Figure 1:  NAEP Report Card 2013 Percentage of students at or above proficient in fourth 

and eighth-grade NAEP mathematics, by selected student groups: 1990, 2011, and 2013.  

Adapted from The Nation’s Report Card, A first look:  Mathematics and Reading 2013, by NCES 

retrieved from http://nationsreportcard.gov/reading_math_2013/#/student-groups 

A disparity also exists in the quality of standards and assessments among states 

(Loveless, 2003).  Students with the same NAEP score achieve different proficiency 

levels that depend on the state of residence.  When state standards are placed onto NAEP 

scales, the level of achievement for required proficient performance varies among states 

(Bandeira, Blankenship, & McLaughlin, 2009).   There needs to be more consistency 

among states of what means for U.S. students to be mathematically proficient.      
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In addition, the results from the Programme for International Student Assessment 

(PISA), showing that the U.S. scored 31
st
 of 50 countries, are alarming because this 

assessment focuses on measuring application of knowledge (OECD, 2010).  The skills 

assessed in this exam are described as the tools that students need to be competitive in a 

global economy.  These results indicate that many students continue to fail and fall 

behind on this measure.  Various reform efforts have attempted to turn this around 

including new laws passed by the federal government, which affected curriculum and 

instruction.  In particular, McLaughlin and Shepard stated, “Standards-based reform calls 

for the setting of challenging standards” (1995, p. xv) in academic areas such as 

mathematics.   

History of Mathematics Education Reform 

Since the 1800’s, two schools of thought have dominated the field of mathematics 

education (Klein, 2007).  The nature of mathematics education has been affected by these 

opposing views.  There are different names to describe the two views about mathematics 

such as conceptual vs. procedural (Greeno, 1978), reformed vs. traditional (Schoenfeld, 

2004; Walmsley, 2007), relational vs. instrumental (Skemp, 1976), and principled vs. 

procedural (Spillane & Zeuli, 1999).  These interpretations have influenced the 

curriculum that teachers use as well as their teaching strategies.  This study will refer to 

conceptual knowledge as understanding about how ideas are related and understanding 

the reasons behind procedures (Skemp, 1976).  Students with conceptual knowledge have 

access to a repertoire of mathematical information that they can use to solve mathematical 

problems.  Consequently, problem solving and real world application are essential to 

conceptual knowledge.  On the other hand, procedural knowledge refers to doing 
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mathematics by following a set of rules and procedures without meaning (Skemp, 1976).  

I will explain the difference between these two types of knowledge with an example of 

multiplication.   

A student with conceptual knowledge of multiplication understands that the 

expression 3 x 4 means the sum of three groups of four and is able to apply such an idea 

to real world applications.  On the other hand, procedural knowledge refers to 

memorizing the fact 3 x 4 = 12.   

Different events have caused a pendulum swing between these two views of 

mathematics education.  The launch of Sputnik alerted the U.S. to rethink mathematics 

and science education (Klein, 2003).  This event led to the introduction of calculus in 

high schools and a curriculum that included more formal topics of mathematics like set 

theory.  By the mid 1970’s, standardized testing was implemented in various districts as a 

way to measure student achievement.  In the 1980’s there was a push for problem solving 

from the National Council of Teachers of Mathematics (NCTM).   

However, the report that had a greater influence on mathematics education was 

published in 1983, A Nation at Risk.  Although this report incorrectly asserted that 

American educational achievement was decreasing and that the nation was at risk of 

losing its global competitive edge, A Nation at Risk provoked more change to American 

schools than any other document (Guthrie & Springer, 2004).  Because this report 

alarmed the country about the lack of student proficiency, many states initiated changes 

in their educational systems.   

Another important publication about mathematics education was the NCTM 

standards in 1989.  Many teachers from California traveled to Sacramento to participate 
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in the writing of the NCTM standards (Wilson, 2003).  These teachers returned to their 

schools with the new ideas of mathematics instruction.  States were encouraged to teach 

with curricula that allowed students the opportunity to make discoveries using 

manipulatives and calculators (Klein, 2003).   

The 1990’s was the decade marked by the “math wars” because there was 

disagreement about what mathematics education ought to be.  The debate was between 

emphasizing basic skills and problem solving (Wamsley, 2007).  During this decade, 

several states, including California, wrote their own standards.  The California standards 

and framework for K-12 education were rewritten during 1997 to 1999 (Becker & 

Jacob, 2000).  A major criticism about these documents was the lack of input from K-12 

educators.  According to Becker and Jacob, these documents were revised and approved 

in secrecy without external input.  The authors explain how the opening statements 

proclaim a balanced framework with emphasis on concepts and procedures, but the 

content clearly emphasized the latter.   

In 2000, NCTM published new standards that continued to emphasize the 

importance of problem solving and real world applications.  However, unlike the 

standards from 1989, these standards also emphasized basic skills.  During this time, the 

Goals 2000 policy was set by the Clinton administration and ushered in a new decade of 

testing and accountability (Superfine, 2005).  This federal government program 

introduced accountability as an incentive for federal funding.   

The idea of accountability influenced the No Child Left Behind (NCLB) act 

(Schmidt, 2008) which was signed into law in 2002 under the Bush administration 

(Duffy, Giordano, Farrell, Paneque, & Crump, 2009).  As a result of NCLB, student 
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accountability became an area of focus in schools and standards became the driving force 

of instruction (Reys, 2006).  NCLB brought good moral expectations for all students with 

unachievable goals (Fullan, 2009).  The timelines for improving education were short, 

putting a ridiculous number of districts into so-called “program improvement” status.  

There was also little investment in professional development with narrow and overloaded 

testing.  In addition, the meaning of student proficiency varied from state to state (Fullan, 

2009; Linn, 2008).   

Finally, in 2010, for the first time in U.S. history, the Council of Chief State 

School Officers (CCSSO) and the National Governors Association Center for Best 

Practices (NGA Center) came together to create national reform standards that states 

were invited to adopt.  Figure 2 displays some of the major events and publications that 

provoked changes in mathematics education.    

                   Reform    Movement 

     MATHEMATICS EDUCATION 
1970 

Standardized 

Testing 

2010 

CCSSM 

1980’s 

NCTM 

Emphasis 

Problem 
Solve 

1989 

NCTM 

Standards 

1983 

Nation 

At 

Risk 

1990 

Math 

Wars 

1997-1999 

CA 

Standards 

& 

Framework 

2000 

NCTM 

Balanced 

Standards 

 

Goals 

2000 

        Traditional      Movement 

Figure 2:  Historical Events that Had an Impact on Mathematics Education 

NCLB 
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Standards-Based Reform:  Common Core State Standards for Mathematics 

 The Common Core State Standards (CCSS) is a recent reform movement that 

calls for national standards for primary through secondary school systems.  The reform 

evolved from the need to bring some consistency among the states and to increase 

achievement for all students.   

The Common Core State Standards (CCSS) movement is the next large-scale 

reform in education in the United States.  The standards have been designed to prepare all 

students for college, career, and life (Common Core State Standards Initiative [CCSSI], 

2012).  The CCSS have been internationally benchmarked with top-performing countries.  

These top-performing countries influenced the development of the math and English 

language arts/literacy standards.    

The CCSSM called for three shifts 1) greater focus on fewer topics, 2) coherence 

among topics across grades and 3) an equally rigorous focus on conceptual 

understanding, procedural skill and fluency, and applications.  Currently 45 states have 

adopted the CCSSM and are preparing teachers for the implementation of a new national 

accountability system in 2014.   

These new assessments promise to look different from the typical multiple-choice 

exams teachers are accustomed to administering (Tamayo, 2010).  Partnership for the 

Assessment of Readiness for College and Careers (PARCC) and the Smarter Balanced 

Assessment Consortium (SBAC) are multistate consortia working together to create new 

state assessments that will be implemented in 2014-2015 (see Table 1 for a comparison 

between the consortia). 
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Table 1:  Comparison of New Assessments  

Similarities 

 

Differences 

Both Consortia 
PARCC SBAC 

 

1. Same assessments across states and 

aligned to the CCSSM 

2. Performance-based  that will assess 

reasoning skills and college readiness 

3. Computer-based for more sophisticated 

design and faster, reliable scoring 

4. Clear and comprehensible student data 

Quarterly 

Assessments 

 

Students in 

grades 3-11 

 

Single form for 

all students 

 

Cut scores will 

be set at the end 

of 2014-2015 

End of year 

Assessments 

 

Students in grades 3-8 

and 11 

 

Computer-adaptive 

 

 

Cut scores will be set 

prior to 2014-2015 

 

 California forms part of the SBAC consortium as a decision-making member.  

Technology will be an important part of assessing students with self-adaptive exams.  

These new assessments will adapt according to the mastery level of each student.  

Teachers will no longer be preparing students for standardized assessments that only test 

procedural knowledge.  According to district officials, South County School District 

(SCSD) (pseudonyms of the people and places that participated in this research are used 

in this dissertation) students will be tested on basic skills and ability to apply knowledge.   

This reform has included perspectives from different stakeholders, in particular, 

from teachers and organizations like NCTM.  In California, teachers were invited to 

participate in the drafting of the standards.  Two teachers from the SCSD district 

participated in the reviewing and revising of the document, a process they shared with all 

mathematics teachers at a district meeting.          
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I am interested in the Common Core State Standards for Mathematics (CCSSM) 

because mathematics proficiency has been an area of concern in education for many 

years.  In addition, these new standards promise to bring transformational changes to 

mathematics education in the United States.  In particular, the Mathematical Practice 

Standards (MPS) make it clear that instruction will not look the same.  The MPS strive to 

develop in students the ability to explain their reasoning, make conjectures, and clarify 

their peers’ explanations (Choppin, Clancy, & Koch, 2012).  The MPS are at the core of 

the new standards.  According to Choppin, Clancy, and Koch, the role of teachers is 

critical in orchestrating discussions aligned to the MPS.  Teachers will be key in 

clarifying explanations and emphasizing important points without giving students 

concepts or procedures before students have had time to think, discover, explore, reason, 

and communicate about them (see Table 2).  
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Table 2:  Mathematical Practice Standards 

Math Practice Standard Explanation Students are able to 

MP1 Make sense of problems and persevere 

in solving them 

-Consider different ways of 

approaching problems 

-Make conjectures 

-Explain relationships and 

meaning of expressions 

-Check reasonableness of 

solutions 

MP2 Reason abstractly and quantitatively -Make sense of quantities  

-Abstract problems and 

represent them symbolically 

-Represent problems in 

context  

MP3 Construct viable arguments and critique 

the reasoning of others 

-Analyze and build logical 

statements 

-Communicate and justify 

their reasoning 

-Explain flaws in logic 

-Ask  useful questions to peers 

MP4 Model with mathematics -Solve and represent real 

world problems  

-Make sense of what the 

quantities represent in terms of 

the context 

MP5 Use appropriate tools strategically -Use different tools to solve 

problems 

-Differentiate between benefits 

and limitations of using tools 

MP6 Attend to precision -Communicate meaning of 

numbers and units 

-Determine accurate 

approximations when 

appropriate 

MP7 Look for and make use of structure -Make sense of the structure of 

problems 

-Find patterns 

-Notice the parts of problems 

and that they represent together 

MP8 Look for and express regularity in  

repeated reasoning 

-Look for methods to solve 

problems 

-Find shortcuts 

-Reason about the intermediate 

steps 

 

 The other component of CCSSM is the standards for content that stress 

conceptual understanding as well as procedural fluency.  These standards do not mandate 

a sequence nor dictate a curriculum.  States will adopt their own curricula and districts 
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Mathmatical Practices 

Content Standards 

Curricula 

will choose either the traditional pathway (Algebra I, Geometry and Algebra II) or the 

integrated pathway (Mathematics I, II and III) as the sequence of courses.  In addition, 

states were given the option to include up to 15% more content, but they could not delete 

content from the standards prior to adopting them.  Curricula will be the medium for 

teaching the content standards, but the core of CCSSM is the Mathematical Practice 

Standards (MPS) that will be embedded from kindergarten through 12
th

 grade (see Figure 

3).   

Classrooms will experience many changes in the next few years.  Porter, 

McMaken, Hwang, and Yang (2011) indicated that states will have to undergo dramatic 

changes due to the misalignment of CCSSM and current state standards.  One of these 

changes is the relatively greater cognitive demand of the CCSSM.  Students will no 

longer regurgitate mathematical facts and formulas; they will need to reason and apply 

mathematics.  Technology will be an integral part of mathematics instruction.     

Figure 3:  Relationship of Components Among MPS, CCSSM and Curricula 
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Current Reality:  Transitioning Period 

Many districts across the nation are transitioning to the CCSSM including the 

district involved with the research reported here.  South County School District (SCSD).  

Since 2011, the district has informed teachers and principals regarding the upcoming 

changes with the 2010 adoption of CCSSM.  There are district committees in subject 

areas such as mathematics, English, science, etc., to discuss curriculum, instruction, and 

assessment.  A representative from each school attends those meetings that occur three to 

four times during the school year.  Although all content district committees included 

updates about the adoption of the CCSSM in both English and mathematics, there has 

been a focus on the implementation of the mathematics standards.  According to the 

curriculum director of SCSD, “mathematics classes will undergo the most change 

because instruction, curriculum, and assessments will look very different.”  The message 

that teachers are hearing at faculty meetings and professional development is that 

instruction has to change from teacher-centered to student-centered where the focus is on 

learning key mathematical concepts in depth.  There is also greater attention to literacy 

and communication as students are required to explain their reasoning and the reasoning 

of their peers.  Most important, students should be able to model with mathematics and 

apply what they learned to real world situations.   

According to SCSD district leaders, the majority of teachers in the district 

continue to use traditional lecture as the primary form of instruction.  Teachers often 

dominate the conversations in classrooms and give students few opportunities to 

participate in group or class discussions.  Leaders hope that mathematics teachers change 

their practice to include activities where students construct their learning by having small 
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group or class discussions.  A resource teacher stated at a department meeting, “You are 

not the only school that needs to make changes.  Most schools need to incorporate more 

student interaction and less teacher talk.”   

In order to be ready when full implementation occurs in fall 2014, SCSD is taking 

proactive measures.  For example, the district has required teachers to implement 

assessments aligned to CCSSM (performance tasks) each quarter of the academic school 

year.  To support teachers in this endeavor, teachers have been given the option of 

implementing lessons aligned to the CCSSM (concept tasks) that would prepare students 

for the performance tasks.  In the 2013-2014 school year, a minimum of four performance 

tasks will have been administered in preparation for the full implementation of CCSSM 

and there is no requirement to administer any procedural tasks.   

At the beginning of the 2012-2013 school year, SCSD hired consultants from a 

company that specializes in staff development for mathematics teachers.  At the 

beginning of that year, the consultants wrote the first tasks.  The teachers were 

dissatisfied with the tasks, however, and the district decided to use its own teacher leaders 

to create the last two tasks.  These teachers used web-based resources like Mathematics 

Assessment Project (MAP) to help their colleagues implement the Common Core State 

Standards (CCSSM).  In addition, the district invited teachers to participate in the creation 

and revision of the tasks.  According to the district resource teachers, this inclusion 

resulted in a more cohesive implementation of the performance tasks.   

The focus of the district on the assessment piece of the CCSSM is important 

because the California Standards Tests (CST) assessments have driven instruction for 

many years.  Under previous reforms, teachers felt pressure from the federal mandate to 
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increase test scores, which often resulted in teaching to the test (Ball & Cohen, 1996; 

Goodlad, 1984).  Fortunately, there was a decision at the state level to suspend the CST 

assessments for the 2013-14 academic year in California.  This suspension gave teachers 

an opportunity to focus on implementing new teaching strategies that emphasize 

understanding versus “covering” material.   

Although every SCSD mathematics teacher is required to implement the concept 

and performance tasks developed by the district, some teachers in the district have 

experienced more CCSSM-related professional development opportunities than others.  

For example, the number of release days, Professional Learning Community (PLC) 

meetings, and attendance at conferences varies from school to school.  Teachers at my 

school have attended a few conferences focused on the CCSSM.  PLCs are held weekly 

and some time is usually devoted to CCSSM topics.   

The level of CCSSM support from mathematics teachers within the SCSD district 

is unclear; however, some teachers in the district have been vocal about the uncertain 

sustainability of this new reform.  “Will this be another forgettable standards document 

like the overwhelming majority of many others?”  (Wu, 2011, p.3).  Like Wu, there are 

teachers who are skeptical about the changes that this reform promises to bring.  On the 

other hand, many teachers are excited about the reform and the changes it promised for 

mathematics education.   

The difference between this reform and others is not only that CCSSM is a 

national reform but also that these standards are coherent, balanced, focused, and have 

been benchmarked with international standards (CCSSI, 2012).  In addition, 

organizations like National Council of Teacher of Mathematics (NCTM) support this 
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movement and input from different stakeholders including teachers was incorporated into 

the final document.   

Goals of the Study 

 The overarching goal of this study is to uncover how teachers are making sense 

of the new CCSSM standards-based reform and investigate the impact that CCSSM 

district policy has on teachers’ instruction.  Although there is an enormous amount of 

research about education reform, this study seeks to contribute to that ever-changing body 

of knowledge by analyzing interactions between teachers’ internal factors such as beliefs 

about mathematics education and outside factors such as collaboration and leadership.  In 

order to achieve these goals, this study will be framed using the sensemaking theoretical 

framework and the constructs of teachers’ beliefs and collaboration. 

During a period of transition, studies like this one are important because they can 

advise policy makers and district leaders on the direction to proceed during the 

implementation phase.  Learning about the sensemaking of teachers will inform district 

officials about the reasons teachers support or do not support new reform efforts such as 

this one.  In particular, examining the adoption process that teacher leaders experience 

and the impact that this adoption has on their practice adds to the literature of education 

reform.  Studying the sensemaking processes of these teacher leaders will bring new 

insights about the success and struggles involved in implementing new standards-based 

reform.  Consequently, policy makers and district leaders can capitalize on this 

information to increase the success of reform implementation.
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CHAPTER II:  LITERATURE REVIEW 

The United States is undergoing another major large-scale reform.  Fullan (2009) 

states, “Successful system reform usually means that a small number of powerful factors 

are interacting to produce substantial impact” (p. 108).  The interactions of these factors 

influence the results of reform implementation.  Investigating all of the factors that 

involve large-scale reform is beyond the scope of any study.  However, isolating some 

key factors and studying the interrelations among them will further the field of education 

reform.   

This study uses sensemaking perspective to investigate how teachers adopt, adapt, 

and enact policy.  This framework has been useful in explaining how teachers implement 

and adopt policy (Spillane, Reiser, & Reimer, 2002; Coburn, 2001, 2006).  I looked at 

educational reform from both inner factors such as teachers’ beliefs and experience as 

well as outside factors such as relationship with principal and collaboration.  I was 

interested in looking at the effects of practice related to these factors.  In this chapter, I 

will first discuss the constructs of teachers’ beliefs and collaboration.  Then, I will review 

the sensemaking framework.  In addition, I will provide examples of how this framework 

has been useful in learning about reform, concluding this chapter with the research 

questions that I pursued.   

Teachers’ Beliefs and Mathematics Education 

Coburn (2003) defines mathematics teachers’ beliefs as the ideas that teachers 

have about what mathematics instruction should be and in addition, what they believe to 

be effective instruction.  
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 Consequently, beliefs can have significant value on teacher practice (Thompson, 1992).  

According to Ernest (1989), a teacher’s belief is a key element that influences practice.  

He states that a teacher’s approach to teaching depends considerably on their belief 

system.  Beliefs morph with new experiences (Thompson, 1992).  According to 

Thompson, beliefs and instruction mutually influence each other.  Fortunately, Thompson 

found that beliefs are not static and can change.  Nespor (1987) stated that, by studying 

the beliefs that teachers have about their work, researchers can understand teaching from 

teachers’ perspectives.   

Teachers’ Beliefs about Mathematics Knowledge and Instruction 

Procedural vs. conceptual knowledge are two ideas about mathematics education 

that are central to the discussion of mathematics instruction.  Procedural knowledge refers 

to mathematical rules, facts, and formulas.  Skemp (1976) referred to instrumental 

learning as procedural knowledge where students only learn rules and formulas.  In 

contrast, conceptual (principled) knowledge refers to knowledge about the connections of 

math ideas and knowledge of how procedures work.  Recently the emphasis has been on 

procedural knowledge (Spillane, 2000).  The CST accountability measures have pushed 

teachers to focus more on procedures and memorization of facts, rules, and formulas.  

Traditional beliefs about mathematics education are those parallel to notions of 

procedural knowledge.  In other words, instruction is devoted to being able to manipulate 

symbols and getting the “right” answer through a series of steps.  Stipek, Givvin, Salmon, 

and MacGyvers (2001) found that teachers who held these beliefs about mathematics 

education emphasized proficiency and focused on the correct answer without letting go of 
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control of the class.  They exhibited a teacher-centered modality.   On the other hand, the 

authors found that a student-centered approach correlated more with teachers who held an 

inquiry-based belief.   

Teachers with inquiry-based beliefs view mathematics instruction as using 

mathematics to problem solve real world applications.  They see mathematics as a 

dynamic discipline.  Stipek et al. (2001) found that teachers with inquiry-based beliefs 

tended to manage classrooms that were student-centered.    

Professional Development and Teacher Collaboration 

In order to improve teacher effectiveness, teachers need to participate in effective 

professional development (PD). The research review by Hammond and Richardson 

(2009) indicates that there are key components of PD that create powerful experiences for 

teachers.  Researchers found that professional development with a collaborative 

perspective is powerful in creating change to teacher practice that results in student 

achievement.  Research has found that the social interactions between teachers matter 

(Leigh & Spillane, 2010).  In fact, Stigler and Hiebert (1999) found that teaching is a 

cultural practice.  Teachers no longer work in isolation, they have opportunities to interact 

and socialize and work together to create lessons.  Some districts have implemented 

Professional Learning Communities (PLCs).  These communities exist for the purpose of 

collective inquiry, collaboration and improvement (DuFour, 2007).  Teachers create 

meaning in the professional communities that exist at their workplace (McLaughlin, 

1992) and consider goals in terms of their students and subject they teach (McLaughlin & 

Talbert, 1993).   
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Teachers in productive PLCs collaborate on developing curriculum, think about 

their students and their learning, and conduct peer observations (Little, 1990).  Teachers 

create norms and focus on helping each other.  Some of the conditions necessary for 

effective PLCs are common planning time, decision-making involvement, supportive 

principal, and support for innovation (Louis, Marks, & Kruse, 1996).  Schools with 

effective PLCs are more likely to make changes in their practice (Newmann, King & 

Youngs, 2000).   

Sensemaking Framework to Study Reform 

The sensemaking framework is a complementary perspective that is useful in the 

study of reform (Datnow & Park, 2009).  This framework puts teachers at the forefront 

and considers how teachers' beliefs influence the implementation of reform.  This frame 

further explains the layers and the planes of contextualized interactions where political 

and social dynamics have an impact on implementation (Datnow & Park, 2009).  Since 

there is mutual dependence between teachers as implementers and policies being 

implemented, these frameworks will be helpful in understanding the dynamics that exists.  

The sensemaking framework will “illuminate how and why broader social and political 

dynamics enable and constrain policy implementation and reform,” (Datnow & Park, 

2009, p. 359).  This theoretical framework operates under the assumption that the 

sensemaking is the process to place new information in preexisting worldviews (Weick, 

1995).  The sensemaking process is not only the result of individuals’ preexisting 

worldviews, but also their interpretation of external stimuli.  This framework has been 

used to study the sensemaking of the individual (Cohen & Ball, 1990; Spillane & Zeuli, 
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1999, Spillane, 2000) as well as the shared sensemaking of policy (Coburn, 2001; 

Spillane, 1998, 1999).   

Individual Sensemaking of Policy 

Spillane and Zeuli (1999) studied the implementation of mathematics reform of 25 

teachers.  They conducted interviews and classroom observations of teachers who were 

reported to be reform implementers and who were reported to understand the reform 

policy.  In order to evaluate the enactment of the reform effort, the authors created a 

scheme based on the reform documentation to evaluate practice alignment with reform.  

Specifically, they looked at principled mathematical knowledge, tasks, and discourse.  

The authors found evidence in the classroom observations of partial implementation of 

reform efforts.  For example, some teachers used group work but the purpose was for the 

groups to arrive at the correct answer instead of making discoveries.  The researchers also 

found that teachers used the tools (manipulatives, emphasized problem-solving and used 

real world applications) but lacked the discourse and questioning techniques to facilitate 

deep thinking.   

Spillane and Zeuli found three patterns of practice.  First, of the 25 observations, 

only four teachers’ practices were closely aligned with new reform.  They noticed that in 

these four classrooms the discourse was about principled knowledge.  Next, in 10 of the 

classrooms, there was less congruence.  Although the tasks were aligned, the discourse 

was procedural and doing mathematics implied arriving at the correct answer.  Last, 11 of 

the classrooms involved mathematical tasks and discourse that were strictly procedural.   

The researchers’ findings highlighted the difficulty in universally changing 

practice given that those teachers in this study were the ones who claimed to pay close 
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attention to reform and yet the reform practices were not fully met.  On the other hand, 

they noted that three of the four teachers who closely implemented in congruence with 

the reform were average teachers who were not typical supporters of the reform.  They 

were veteran teachers who had been teaching mathematics traditionally for many years.  

Spillane and Zeuli urge researchers to study patterns of practice to understand the relation 

between policy and practice.  

Shared Sensemaking of Policy 

In the sensemaking process of teachers to adopt new reform, social factors are 

important to consider because they influence how teachers interpret reform (Hill, 2001; 

Spillane, 1999).  Coburn (2001) conducted a single case study of a school that 

implemented reading instruction and conducted observations of both formal and informal 

interactions among teachers.  Interviews were also included to supplement the 

observations.   

Coburn found that teachers consulted with one another about the new policies.  

The author found that teachers looked for colleagues with shared sentiments to make 

sense of policies.  Coburn found that whom teachers interacted with made an impact to 

the sense they made of policies.  The context of the conversations made a difference as 

well.  The same reform policy was often interpreted differently by different groups of 

people.  Teachers made sense of policy via formal and informal interactions. Through 

dialogue the group came to an agreement of the interpretation and understanding of new 

policies.  These interactions influence the sensemaking of teachers because they allow 

teachers the opportunities to question their understandings and assumptions.  The 

messages they received from the reform policy were reshaped and reconstructed through 
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these interactions.  Coburn further explains that these interactions were opportunities for 

teachers to have access to high-quality sustained professional development.   

Leadership in Schools and Teacher Sensemaking 

School reform usually involves leadership as a key element of reform.  Principals 

in schools influence teachers’ sensemaking of reform directly and indirectly (Coburn, 

2005).  They shape access, the social construction of meaning, and structured learning 

opportunities.  Teacher leaders also play an important role in the implementing of reform 

(Spillane and Thompson, 1997).  The environment that they create to teach colleagues 

about reform influences the ability of classroom teachers to learn. 

Next Steps 

It is evident from previous research in reform sensemaking that this is the 

appropriate time to learn more about the relationship between policy and practice within 

the new national standards-based reform.  According to Cohen (1989), innovative 

approaches go against tradition and practices that have been placed in schools for many 

years.  He further explains that teachers have been seen as sole proprietors of knowledge 

with the idea that knowledge is fixed.  However, teachers’ beliefs about mathematics 

education affect how they look at instruction and what the outcomes of instruction ought 

to be.  In fact, teachers are the agents of change (Cohen & Ball, 1990).  Because further 

studies in this area need to be conducted, this study is essential.  In order to understand 

more about reform implementation, different factors also need to be studied 

simultaneously.  The following figure illustrates the factors that this study seeks to 

investigate and how they relate to teacher practice in the enactment of CCSSM.  
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Figure 4:  Factors that Influence Practice 

 

The theory of action of CCSSM is to prepare all students for college or careers, 

and it is up to teachers to enact the theory of action envisioned by CCSSM 

authors/leaders.  Beliefs, context, self-efficacy, agency, leadership, positionality, 

knowledge, content knowledge, pedagogical content knowledge, social networks, district 

and policy mandates are only a few of the factors that come into play which intersect the 

espoused theory and constraint the intended enactment of goals of reforms.  For example, 

because teachers’ beliefs influence their teaching of mathematics, researchers must study 

how well teachers support beliefs that are consistent with the philosophy of CCSSM.  A 

large-scale reform effort such as CCSSM is exposed to numerous factors that interfere 

Policy Signals 
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with full implementation such as context, resources, and leaders’ and teachers’ 

interpretations.  I will use a sensemaking theoretical lens to study the cognitive processes 

that influence how teachers enact CCSSM lessons.  CCSSM involves dynamic shaping 

forces that form a vital component of the reform process.     

Using this theoretical framework and constructs, this study will investigate the 

sensemaking of teachers with the new reform.  The following are the research questions: 

1. How do internal and external factors affect teachers’ sensemaking of reform?  

2. How do teachers interpret, adapt, and enact district policy around the CCSSM? 

3. How do interactions among internal and external factors affect teacher leaders’ 

sensemaking of CCSSM? 

4. How do teacher leaders perceive their practice as being affected by the enactment 

of the CCSSM? 
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CHAPTER III:  METHODOLOGY 

The goal of the study was to add to the research on educational reform.  This 

study investigated how mathematics high school teachers make sense of standards-based 

reform, in particular, the Common Core State Standards for Mathematics (CCSSM).  The 

CCSSM are scheduled to be fully implemented and assessed in most states in the nation 

by 2014-2015 (CCSSI, 2012).  The objective of this study was to investigate how 

teachers interpret, adopt and enact CCSSM.  In addition, the interactions among internal 

and external key factors that affect teacher leaders’ sensemaking of reform were 

examined, and how these interactions affected teacher practice as teachers adopt CCSM.  

The following research questions directed the study: 

1. How do internal and external factors affect teachers’ sensemaking of 

reform?  

2. How do teachers interpret, adapt, and enact district policy around the 

CCSSM? 

3. How do interactions among internal and external factors affect teacher 

leaders’ sensemaking of CCSSM? 

4. How do teacher leaders perceive their practice as being affected by the 

enactment of the CCSSM? 

Research Design 

This mixed-method study consisted of collecting both qualitative and quantitative 

data.  On one hand, quantitative methods were used to make generalizations and 

predictions (Glesne, 2011) about teachers’ sensemaking and their instruction.  The results 

helped to generalize teachers’ beliefs and concerns as well as to gather information about 

their collaboration and their practice.  On the other hand, qualitative data focused on 

understanding the meanings and actions of teachers (Agee, 2009; Smith, 2006).  The 

qualitative component allowed for deeper understanding of quantitative 
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findings by examining the context and the complexity that influenced how teachers make 

sense of reform.  These study methods are appropriate for understanding how high school 

mathematics teachers including teacher leaders are making sense of CCSSM and how 

their sensemaking is affecting their practice.  As teachers are the agents of change at the 

forefront of new reform implementation (Cohen & Ball, 1990), studying teacher leaders 

who implemented and supported CCSSM added to the research on educational reform.  

Learning about the key internal and external factors that affected their sensemaking of 

reform provided insight into the decisions they made while leading change. 

Sensemaking is the theoretical framework I used to study the meanings that 

teachers made of a new standards-based reform.  Data was collected from surveys, 

classroom observations, interviews, and documents (including lesson plans and student 

handouts).  The rest of the chapter describes the design of the study in more detail.  

Setting 

The study took place in a district in Southern California.  Since 2012, this district 

has been preparing teachers for full implementation of the CCSSM in 2014.  When this 

study took place in the 2013-2014 school year, the district was transitioning to CCSSM. 

This setting helped to answer the research questions from teachers who teach students 

from different backgrounds.  On 32 campuses, the South County School District (SCSD) 

serves more than 41,000 students from varied social economic status (low, middle and 

high), geographical representations, and a generally diverse student population 

(California Department of Education, 2013).  More than 75% of the students are 

Hispanic.  According to the District Accountability Report Card, more than 50% of 

students in this district speak a second language at home and 40% receive free or 
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reduced-price lunch.  Further demographic details about the twelve different high schools 

in this district will be described later in this chapter.   

Positionality 

I selected this district because I have been teaching mathematics in this district for 

14 years.  I have, therefore, access to its policies and practices, and I am familiar with its 

recent history of reform initiatives.  For example, when I started teaching, I taught from 

an integrated curriculum of three volumes, which was the equivalent of three years of 

high school mathematics (algebra, geometry, and intermediate algebra).  This curriculum 

included many group activities, writing, real world activities, and projects.  Then, during 

my second year, we adopted new curriculum that was very traditional in terms of the 

sequence and the layout of the lessons.  Emphasis was placed on skill acquisition and 

procedural fluency. 

I still remember how concerned my principal was about introduction of the 

California High School Exit Exam (CAHSEE).  He spoke to us about NCLB regulations 

and the accountability system.  Adequate Yearly Progress (AYP) and Academic 

Performance Index (API) measures were going to affect education.  Consequently, our 

district adopted data driven decision making strategies.  Now, we analyze at data in 

Professional Learning Communities (PLCs) in order to inform instruction, and 

interventions are implemented in order to avoid being placed in state mandated Program 

Improvement status.  

 Program Improvement adds many annual requirements for schools.  However, 

there is uncertainty of what the future holds in terms of these federal sanctions.  With the 

adoption of the CCSSM, in the school year 2014-2015, the California Department of 
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Education suspended most state assessments, eliminating the pressure that teachers faced 

to “cover” material.  This is important since the CCSSM calls for depth instead of 

breadth.   

I am interested in studying how teachers in SCSD make sense of the CCSSM.  In 

order to avoid my own bias about my beliefs regarding mathematics education, I designed 

a two-phase study and triangulated information using quantitative and qualitative data.   

Two-Phase Study 

The study entailed two phases to understand how teachers make sense of reform.  

The first phase consisted of a survey that targeted all mathematics high school teachers in 

a single district (n=159).  The data from Phase One was mostly quantitative with some 

qualitative data.  The survey results were used to select participants for phase two.  The 

second phase involved a qualitative method to study five teachers more closely.  Table 3 

illustrates the data sources utilized to answer each research question.  
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Table 3:  Summary of Data Source for Each Research Question 

 

Phase One.  The first phase of the study consisted of a survey with twenty-three 

questions that were both open-ended and Likert-scale items (Strongly Disagree, Disagree, 

Agree, Strongly Agree).  The survey was emailed to all 159 mathematics high school 

teachers in SCSD.  The items in the survey were field tested and revised prior to emailing 

 

 

Research 

Question 

Data Source 

 

Phase 1 Phase 2 

Survey          Observations           Interviews             Documents 

How do internal 

and external 

factors affect 

teacher’ 

sensemaking of 

reform? 

 

X X X  

How do teachers 

interpret, adopt 

and enact district 

policy about 

CCSSM? 

X X X X 

How do 

interactions 

among internal 

and external 

factors affect 

teacher leaders’ 

sensemaking of 

reform? 

 

 X X  

How do teacher 

leaders perceive 

their practice as 

being affected by 

the enactment of 

the CCSSM? 

 X X X 
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the survey to teachers.  The purpose of the survey was to answer the research questions as 

well as to select five participants to conduct a more in-depth case studies of teacher 

leaders in the district who supported CCSSM.   

The questions focused on teachers’ beliefs, collaboration, and practice.  I 

compared their beliefs about CCSSM with their beliefs about mathematics education.  

The questions about collaboration helped me to understand how PLCs were being used 

across the district to introduce CCSSM.  In addition, items about informal collaboration 

were included based on the research by Coburn (2001) that indicates the importance of 

informal collaboration for learning about reform.  Questions about their practice were 

also incorporated to learn whether and how their espoused classroom practice is already 

aligned with some of the Mathematical Practice Standards (MPS).  

Finally, the survey provided insights into some of the teachers’ concerns about 

CCSSM that might affect their implementation.  The district might be able to address 

those as we are entering the official implementation year in 2014-2015.     

Participants.  All 159 mathematics high school teachers in the district were 

invited to participate in the survey.  I received responses from 43 teachers (27%) who 

represented 10 of the 12 high schools in the district.  Table 4 summarizes the number of 

responses from each school.   
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Table 4:  Number of Responses from Each School 

School Population API Number of 

Responses 

ALH 2106 806 1 

ANH 1748 847 1 

DUH 2422 802 3 

HEH 2698 749 2 

LAH* 2692 854 0 

MEH 2654 827 5 

OCH 1582 751 1 

PAH* 1680 742 0 

PRH 2,307 851 4 

SAH 2364 756 2 

SUH 1675 722 4 

TRH 1657 749 3 

Unknown   17 

Note.   API = Academic Performance Index (California Standards Test score indicating 

the school’s performance on California standardized tests) 

*No survey participants stated that they work at this school   

 

Data Collection.  The data collection period was from August 2013 to September 

2013.  After approval from the principals, each school to get the list of their mathematics 

teachers.  In August, I sent an email to all teachers with the link to the survey and the 

teacher consent form.  I sent three emails soliciting participation from teachers.  After my 

first email, I received 16 responses, and 15 more teachers responded after my second 

email.  In addition 12 teachers participated as a result of my third email, for a total of 43 
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responses.  The survey responses were compiled using Microsoft’s Excel spreadsheet 

application, and assigning each participant an identification number.  As I collected 

responses, participants were assigned an identification number.   

Data Analysis.  The Likert-scale responses were analyzed using descriptive 

statistics.  The descriptive statistics helped to summarize the sample of teachers who 

responded to the survey.  Statistics of central tendency were used to describe the research 

sample.  In addition, the data was analyzed using Excel to find connections among the 

different components such as collaboration and beliefs that might influence sensemaking 

of reform.  I also looked for trends by sorting the data by groups and by topic.  For 

example, teachers who indicated readiness for full implementation to CCSSM became 

one group and those teachers who indicated they were not yet ready became another 

group.  In addition, I created tables and charts that helped to find these relationships.   

The open-ended responses were coded using both a priori and emergent codes.  

Dedoose (2012), a web based tool for analyzing data, was used to analyze, code and 

recode teachers’ responses.  Using Wordle (Feinberg, 2009), word clouds were created to 

compare the frequency use of words when teachers talked about their beliefs about 

mathematics education and CCSSM.  Finally, I looked for trends that emerged from the 

comments provided by teachers. 

Phase Two.  This phase of the study consisted of classroom observations and 

interviews.  The classroom observations were used to look for the enactment of the 

CCSSM lessons.  I conducted one lesson observation per teacher that lasted between 50 

and 90 minutes.  The implementation of mathematical practices, concept development 

and student interaction structures are some of the features that I studied during the 
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classroom observations.  In addition, some questions for the interview were crafted as a 

result of the observations.  Each observation was followed by an interview up to two 

weeks after the observation.  On an average, the interviews were 60 minutes long.     

Participants.  Five participants were selected for Phase Two of the study.  The 

participants were from five different high schools within SCSD.  They were selected 

because they all indicated on the survey that they believed positive changes would occur 

in mathematics education because of CCSSM and they all said they were teacher leaders 

at their school.  In addition, the selected teachers stated on the survey that they include 

some strategies that are aligned to the MPS in their own instruction.  For example, they 

claimed on the survey that they asked students to explain their reasoning, make 

conjectures, and sometimes clarify their peers’ explanations.  The description of these 

practices is aligned to some of the MPS of the CCSSM, which are essential to implement 

change in mathematics education (Choppin, Clancy, & Koch, 2012).  Also, the teachers’ 

description of what mathematics education should be was congruent with the espoused 

goals of CCSSM (detailed information is included in Chapter 4).  Table 5 describes some 

of the basic demographic information about each of the participants and his or her school.   
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Table 5:  Demographic Information of Phase Two Participants 

Note.   SED= Socioeconomic Disadvantaged 

ELL= English Language Learners 

SpEd=Special Education Students 

 

Data collection.  The five teachers were contacted via email to schedule the 

classroom observation.  Teachers selected the time that they wanted to be observed.  Prior 

to the observation, each teacher signed the consent forms.  During the observation, I took 

field notes including verbatim quotes.  I also collected lesson plans, assignments, and 

handouts.  Special attention was given to the physical set up of the classroom, 

questioning techniques, student interaction, lesson tasks and whether there was evidence 

of enactment of the MPS as described in the CCSSM.  The results from the observations 

as well as from the survey were used to draft interview questions regarding 

implementation and lesson planning.  On the day of the observation, a time was 

scheduled for the interview.   

The interviews took place after the classroom observation, from a couple of days 

to a couple of weeks after the classroom observation.  Prior to the interview, each 

participant signed the audio recording release form.  The teacher selected the time and 

Participant Years 

Teaching 

Education Courses School SED ELL Sped  

Ed 

Sam 11-20 BS Math 

MA MathEd 

Geometry 

Calculus 

OCH 77% 45% 12% 

Susan 20+ BS Math 

MA Curr.& Ins. 

Geometry 

Calculus 

ALH 56% 36% 10% 

Eva 11-20 BA Math 

MA Curr & Ins 

Algebra 2 DUH 89% 62% 12% 

Kevin 6-10 BS Math 

MA Education 

Algebra 1 

Algebra 2 

PRH 29% 28% 9% 

Leslie 11-20 BA Math 

MA Education 

Algebra 2 

Finite Math 

ANH 43% 28% 8% 
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the location of the interview.  The interviews were audio recorded and transcribed.  

Interviews were 60 minutes long on average.  Right after each observation and 

interview, I wrote a memo to document first impressions and interesting observations.   

Data Analysis.  The field notes from the interviews were coded using a priori and 

emergent codes.  As the data was collected, the set of a priori codes were applied and 

coded.  I coded each case and as emergent codes evolved, I applied them to all of the 

cases.  The following table has the final coding scheme.  Codes were shared in graduate 

courses with professors and other college students to test for validity.   
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Table 6:  Qualitative Code Description 

    Code Description 

A priori Codes Adapting  

CCSSM 

Statements about how teachers made 

changes to CCSSM lessons 

Enacting 

CCSSM 

Statements about teaching CCSSM 

content or practices 

Interpreting  

CCSSM 

Statements about lessons teachers are 

teaching based on their interpretation 

of CCSSM. 

Collaboration Statements about who they work 

with and for what reasons 

Conceptual  

Understanding 

Statements about students learning 

the concepts 

Procedural  

Understanding 

Statements about students learning 

the procedures 

Beliefs  

CCSSM 

Statements about their ideas about 

what CCSSM will do to education 

Emergent Codes 

Self-reflection Teachers talk about how they see 

themselves 

Lesson Planning 

Framework 

Statements about how they planned 

lessons 

Change in Practice Statements about how their practice 

changed over time 

Student Centered Statements that indicate that 

decisions were made based on 

student need 

Teacher Centered  Statements that indicate that 

decisions were made based on 

teacher need 

Challenges Statements about difficulties that 

teachers are facing or will face for 

full implementation 

Experience Statements about their experience 

lesson planning  

District 

Reform Policies 

Statements about how the district has 

influenced what they are doing in the 

classroom 
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Once the set of codes was finalized, I entered the data into Dedoose.  The mixed-

method analysis tools of the program were used to uncover patterns and trends (see 

Table 6).  

Observations.  Borrowing from Stipek, Givvin, Salmon, and MacGyvers (2001), I 

coded my detailed fieldnotes of the observation of teacher practice.  I focused particular 

attention to questioning techniques (procedural vs. conceptual), the classroom 

environment (high vs. low risk), the goal of the activity (fluency vs. understanding) and 

group/partner vs. individual assignments.  Using Dedoose, I coded each aspect 

mentioned above of teacher practice.   

Integration of data.  The different data sources and analyses were woven together 

to understand the relationships among the key factors using the theoretical framework 

from Chapter II.  NetLogo, computer simulation framework (Wilensky, 1999), was used 

to construct multi-agent models to test hypotheses about how key factors were 

interconnected.  The models are presented in Chapter VI.  I created a general model 

applied it to all cases which allowed me to compare the outcome of teacher practice 

based on the interconnections among key factors, which is described in Chapter VI.  The 

multi-agent models helped describe the context that supported each factor influencing 

teacher practice.   

Summary 

This chapter describes the different methods that were used to collect and analyze 

various data sources in order to answer the research questions about a new reform 

implementation.  A general survey of all the high school mathematics teachers in a 

district provided some insight into some of the internal and external factors that affect 
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teachers’ sensemaking.  I also used the survey was also used to learn about how teachers 

perceived this new reform effort and some of the success and challenges they were 

facing.  Finally, the survey was also used to identify five participants for phase two.  

Studying a few cases of teacher leaders more closely gave me an opportunity to examine 

the interactions among key factors that matter most as teachers make sense of the reform.  

The triangulation of data helped to support the accuracy of the findings and the multi-

agent models help me test my hypotheses about how these factors are related.  
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CHAPTER IV:  STRENGTHS, CHALLENGES AND RECOMMENDATIONS     

The goal of this study is to understand the sensemaking process of mathematics 

high school teachers as they transition to the Common Core State Standards (a new 

standards-based reform).  This chapter is a summary of the analysis from Phase One of 

the study consisting of a survey that addressed the following research questions: 

1.  How do internal and external factors affect teachers’ sensemaking of reform?  

2.  How do teachers interpret, adapt, and enact district policy around the 

CCSSM? 

Using the sensemaking theory, I investigated internal and external factors that 

affect teachers’ sensemaking process of reform.  Sensemaking is affected by internal 

factors such as teacher’s beliefs (Thompson, 1992), prior knowledge (Spillane, Reiser, & 

Reimer 2002), and external factors such as collaboration (Coburn, 2001), context 

(Datnow, Hubbard, & Mehan, 2002), and school leadership (Spillane, 2000).  The 

findings from the survey were also used to investigate the interaction among the different 

factors.   

The survey included questions about mathematics education beliefs, attitudes 

towards the Common Core State Standards for Mathematics (CCSSM), collaboration and 

teacher practice.  Phase One was analyzed using Excel to record frequencies by 

categories.  I looked for trends and compared results by subgroups.  Five participants 

from the survey group were selected for Phase Two of the study.
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Demographics of Phase One Participants 

The survey was sent to all high school teachers (159) in one district of which 43 

teachers (27%) responded.  Table 7 specifies the school of employment of the 

respondents and additional demographic information about the student population at each 

school.  The voices from teachers who work at schools with different demographics are 

included in the results.   

Table 7:  Participants and the Schools Where They Work 

# of 

participants 

School SED %SED %ELL %SpEd 

1 ALH Mid 56 36 10 

1 ANH Mid 43 28 8 

3 DUH High 89 62 12 

2 HEH High 77 57 11 

5 MEH Low 34 34 9 

1 OCH High 77 45 12 

4 PRH Low 29 28 9 

2 SAH High 84 73 12 

4 SUH High 80 73 11 

3 TRH High 78 63 14 

Note.   SED= Socially Economic Disadvantage, % of students who qualify for free or 

reduced lunch 

 ELL= English Language Learners 

SpEd=Special Education Students 

 

Teachers were asked about the number of years they have been teaching and their 

education level.  Table 8 shows teachers’ years of experience.  New teachers did not 

respond to this survey; the majority of teachers had between 6 and 20 years of 

experience.   
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Table 8:  Teachers' Years of Experience 

Years Teaching Count (n) Percent (%) 

2 to 5 years 2 5 

6 to 10 years 17 40 

11 to 20 years 17 40 

More than 20 years 7 15 

Teachers’ Beliefs  

Teachers’ beliefs is a key factor in the individual sensemaking process of teachers 

regarding reform.  Their beliefs work as filters through which new information is 

interpreted (Grant, Hiebert, & Wearne, 1998).  In order to answer the first research 

question, I elicited teachers’ beliefs about mathematics education.  Their responses 

(n=38) resulted in eight themes.  

Mathematics education.  Problem Solving and Applications are key features of 

Mathematics Education.  Figure 5 indicates the themes as described by the survey 

participants.  
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Figure 5:  Percent of Teachers’ Comments about Mathematics Proficiency 

As illustrated in Figure 5, problem solving and knowledge application (to new 

and real world situations) comprise 69% of the total responses.  Thirty-nine percent of 

their comments were about students reasoning and solving problems: “understand and 

make sense of mathematical problems and are able to solve them.”  Additionally, 31% of 

the comments were about knowledge application.  Some teachers commented on students 

being able to apply their knowledge to real world applications (12%), “think logically and 

apply mathematical reasoning to real life problems.”  Others discussed the ability of 

students to solve problems that they have never seen before, “independently solve a new 

problem using the skills they have acquired in previous problems.”  About 10% 

commented on students’ ability to use skills to solve problems as well as basic 

procedures.  For communication, 8% mentioned that students should be able to “fully 
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explain how to solve a problem verbally and/or in writing.”  Only 4% of the comments 

were about students’ ability to solve procedural problems.  

 Figure 6 is the word cloud that resulted from all teachers’ comments regarding 

mathematics education (Feinberg, 2009).  The words used the most were: mathematical, 

problem, problems, solve, apply, understand, skills and concepts.  The frequency of their 

use is indicated by their size in comparison to the other words in the cloud.   

 

Figure 6:  Word Cloud of Teachers' Beliefs about Mathematics Education 

The word “mathematical” is expected to appear with high frequency because 

teachers are discussing mathematics education.  Some teachers mentioned either 

“problem solve” or “solve problems” in their description resulting in these words being 

more emphasized than other words.  This finding is consistent with the findings presented 

in Figure 5 indicating that problem solving is the theme with the highest percent.  Other 

teachers used the word “understand” to discuss problems that can either be solved or 

applied.  From the graph in Figure 5, the two bars that refer to the student application of 

knowledge constitute 31% of teachers’ comments.  This explains why the word “apply” 

stands out in the word cloud.   
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Beliefs about CCSSM.  What do teachers think of CCSSM?  Thirty-eight 

teachers included comments on the survey regarding CCSSM.  Five percent were neutral: 

“I haven’t had enough time to explore it to like something about it.”  In addition, 13% 

included negative statements such as, “I haven’t found anything that I really like.” 

However, most (82%) had something positive to say: “There is no one right way to do a 

problem.  Less formulas, more thinking.”  Overall, 79% from all 43 respondents believe 

CCSSM will bring positive changes to mathematics education.   

Figure 7 is a summary of the five themes that appeared in teacher’ comments 

regarding CCSSM (n=38).   

 

Figure 7:  Trends of Teachers' Beliefs about CCSSM 

 Several teachers mentioned the shift from procedures to either problem solving or 

conceptual understanding.  Close to one fourth of the comments were about “the 

emphasis on conceptual understanding as opposed to procedural ability.”  Twenty percent 

of the comments were about the “new assessments that allow students to show what they 
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know through multiple methods.”  Forty-three percent of teachers’ statements support 

“the focus on problem solving instead of routine procedures.”   

Figure 8 shows the word cloud that was created by using comments from teachers 

about what they liked most about CCSSM.  The most common word is clearly “students.”  

This may indicate a shift towards considering the students as the central figure in the new 

standards.  Teachers specified that CCSSM “makes students” or “allows students” to 

problem solve, apply knowledge or develop conceptual understanding.  They focused 

their attention more on what CCSSM expects from students rather than what they have to 

accomplish as teachers.  This result might indicate that what teachers like about CCSSM 

is what these new standards promise to accomplish in terms of student achievement.  The 

cloud also shows “understanding” and “thinking” as the most commonly used words 

when teachers wrote about CCSSM.  As seen in Figure 8, many teachers focused on the 

shift embedded in the CCSSM from memorization to understanding and thinking. 

 

Figure 8:  Word Cloud of Teachers' Beliefs Regarding CCSSM 
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Congruence and inconsistencies.  Consistency in teachers’ beliefs and the goals 

of the proposed reform usually leads to support of the reform effort (Fullan, 1991).  There 

appears to be both consistency and inconsistencies between teachers’ beliefs about 

mathematics education and beliefs about the goals of CCSSM.  Problem solving is a key 

feature mentioned by many teachers in terms of the purpose of mathematics education.  

Likewise, more teachers commented on the shift from the emphasis on procedures to 

problem solving as one of the main features that they liked the most about CCSSM.  On 

the other hand, there seemed to be disagreement around the application component.  The 

second most common theme that emerged from the comments about mathematics 

education was focused on the ability of students to apply knowledge (abstract or in 

context).  Yet, in terms of CCSSM, “apply” was only mentioned in 7% of the excerpts 

from teachers’ comments.  Instead, teachers thought of the shift from procedures to 

conceptual understanding as the second most important feature of CCSSM.  Teachers 

used the word “concepts” when referring to students’ ability to apply mathematical 

concepts instead of understanding mathematical concepts.  The impact that such a 

disconnect might have on teacher implementation is beyond the scope of this study.  

Nevertheless, this information might be of interest to CCSSM policy makers.     

Although researchers have found that teachers interpret policy in terms of their 

beliefs, they have also found that mathematics teachers’ beliefs are not static and can 

change (Phillip 2007; Thompson, 1992; Cohen & Ball, 1990) through reflection on their 

practice (Wood, Cobb, & Yackel 1991) and by collaborating with colleagues (Coburn, 

2001). 
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Collaboration:  Formal and Informal Interactions for Learning CCSSM 

Collaboration is an external factor that affects teachers’ sensemaking of reform 

(Coburn, 2001).  Eighty-eight percent of the respondents in Phase One agreed that 

collaboration helped them better understand the implementation of CCSSM lessons.  

Table 9 summarizes the formal and informal collaboration of teachers.  Formal 

collaboration in this context refers mainly to Professional Learning Communities (PLC), 

which have been institutionalized in this district for at least six years.  Informal 

collaboration refers to any instances when teachers had other conversations about their 

practice (lunchroom, by the copier, on the hallways during passing periods).   
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Table 9:  Frequency and Type of Teacher Collaboration 

Type of Collaboration Frequency of 

Meetings 

Count Percent 

 

 

Informal 

Daily 11 26 

Weekly 13 31 

Twice a month 4 10 

Monthly 5 12 

Never 9 21 

    

 

 

Formal 

Daily 0 0 

Weekly 22 51 

Twice a month 14 33 

Monthly 6 14 

Never 1 2 

 

Moreover, 79% of teachers stated that they collaborated informally with 

colleagues at least once a month.  All teachers stated that they met in PLCs with the 

exception of one teacher who wrote that she was the only Finite Math teacher at her 

school.  In addition, 84% of the respondents met at least twice a month in formal 

collaboration.   

Practice:  Alignment of Current Teacher Practice and Mathematical Practice 

Standards (MPS) 

The eight Mathematical Practice Standards (MPS) are essential practices that 

CCSSM describes as skills that all mathematically proficient students should have 

(CCSSMI, 2014).  Figure 9 illustrates the higher order structure of the MPS (McCallum, 

2011).  As McCallum pointed out, the MPS can be associated with any content standard.  

Mathematics teachers are expected to teach them to students and to give them 

opportunities to practice them in class.      
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Figure 9:  Higher Order Structure of the Mathematical Practice Standards 

Teachers might already have some of the MPS as part of their instruction.  

Participants responded to the frequency in which they implement some of the teaching 

practices, some of which are aligned to MPS.  They also indicated the frequency that they 

have whole group discussions and partner/group work.  Table 10 indicates the count and 

the percent of teachers who stated that they used these teaching practices often in their 

classrooms.  The color scheme shows the correspondence between the MPS (see Figure 

9) and the teaching practices in participants’ repertoire of strategies (see Table 10). 
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Table 10:  Frequency of Strategies Being Used by Teachers 

 MPS Practices Count Percent  

OVERARCHING 

HABITS OF MIND  
 

MPS 1. Make sense of 

problems and persevere 

in solving them 

 

MPS 6.  Attend to 

Precision 

 

Perseverance 16 37 
Precision    24 56 

REASONING AND 

EXPLAINING 
MPS 2.  Reason 

abstractly and 

quantitatively 

MPS 3.  Construct viable 

arguments and critique 

the reasoning of others 

 

Explain 

Reasoning 

32 74 

Critique 

Argument of 

Others 

14 33 

Compare and 

Contrast  

26 60 

MODELING AND 

USING TOOLS  

MPS 4.  Model with 

mathematics 

MPS 5.  Use appropriate 

tools strategically 

Computations 30 70 

Apply 

Knowledge  

23 53 

SEEING STRUCTURE 

AND GENERALIZING   

MPS 7.  Look for and 

make use of structure 

MPS 8.  Look for and 

express regularity in 

repeated reasoning 

Reasonableness  33 77 

Patterns  31 72 

Opportunities for SCSD students to collaborate 

 

Whole Group 

Discussion 

41 95 

Partner/Small 

Groups 

42 98 

 

The results indicate that while teachers in the district currently include some of 

the MPS ideas in their teaching, there is misalignment between at least some of the MPS 

and current teacher practices such as “perseverance” (MPS 1) and “critique arguments of 

others” (MPS 3).  Opportunities for students to communicate are essential for the 

implementation of some of the MPS as well as for students to develop the habits of mind 

that will prepare them for the 21
st
 century workforce (California State Board of 

Education, 2013).  Although an overwhelming 98% of the teachers in this study used 

partner/group work and 95% had whole group discussions, only 33% were giving 
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students opportunities to critique the reasoning of their peers.  According to these results, 

more teachers need to engage students in discussions about mathematics, including 

making arguments, and critiquing arguments of their peers.   

Teachers also needed assistance with teaching students how to persevere solving 

problems in mathematics.  According to the survey results, only 37% used perseverance 

in their practice.  Finally, asking students to apply knowledge was another area that 

almost half of the teachers needed to include more often in their practice.   

CCSSM Implementation:  Few Feel Ready 

The survey was given to teachers at the beginning of 2013-2014 school year, the 

official transitional year.  Prior to 2013-2014, the district had already replaced some of 

the interim assessments aligned to CA standards (quarterlies) with assessments aligned to 

CCSSM (performance tasks).  In terms of CCSSM implementation, Table 11 shows what 

percent of teachers collaborated in their PLCs on different tasks regarding CCSSM. 

Table 11:  Collaboration Areas Regarding CCSSM 

Collaboration Areas 

Regarding CCSSM 

Count (n) Percent (%) 

Discussed Strategies 17 40 

Graded Performance Tasks 17 40 

Created Assessments 3 7 

Created Lessons 8 19 

Discussed Standards 17 40 

Discussed Activities 18 42 
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On average, 40% of teachers indicated that they graded performance tasks and 

discussed strategies, standards and activities associated with CCSSM in their PLCs.  

However, only 7% collaboratively created assessments and 19% collaboratively created 

lessons.   

Only 21% of respondents felt ready to implement CCSSM lessons.  Figure 10 

illustrates the percent of the teachers who said they were ready and compared to the 

percent of those who said they were not by implementation of MPS.  The x-axis 

represents the practices that teachers already implanted.  According to the results, in 7 out 

of the 10 cases, a higher percentage of teachers who implemented the practices also said 

they were ready for CCSSM implementation.  This finding might indicate that teachers 

who already implement some of the practices feel more ready to implement CCSSM.   

 

Figure 10:  Comparison of Teachers Who are Ready to Those Who are Not 
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In terms of individual schools, only one school (ALH) did not collaborate around 

the CCSSM and two schools did not discuss activities aligned to CCSSM (TRH and 

ALH).  The schools that did not grade performance tasks were PRH, TRH and ALH.  

This finding indicates that participants from 70% of the schools in the study collaborated 

around different areas regarding CCSSM new reform.   

Concerns about CCSSM 

Districts influence the conditions in which teachers learn new policies (Spillane, 

1996; Spillane & Thompson, 1997).  District leaders make decisions about the 

professional development that is offered to teachers, the resources that are made 

available, systems of teacher accountability, and instructional guides.    

Learning about the struggles early on from teachers could inform district leaders 

of the changes necessary for successful implementation.  There were 34 teachers who 

stated that they disliked something about CCSSM.  Most teachers indicated 1 or 2 

concerns.  Figure 11 summarizes the themes that emerged from the concerns that teachers 

had regarding CCSSM.   
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Figure 11:  Teachers’ Concerns Regarding CCSSM 

Forty-one percent of teachers’ worries that the district’s cannot address (bars 

noted in red).  For example, 20% of comments were about the standards themselves.  

Teachers are concerned about the number of standards that high school teachers are still 

required to teach at a deeper level: “California seems to be having a difficult time 

limiting the standards to cover.”  Additionally, 14% commented on the federal policy of 

CCSSM: “States that wanted to be eligible for Race to the Top funds were forced to 

adopt the CCSSM Standards.”  Conversely, 59% of teachers’ concerns are anxieties that 

the district can address (bars noted in blue).  The most common among these are the 

concerns about the lack of quality training for teachers during this transitional phase.  The 

following excerpt summarizes many of the comments regarding professional 

development as well as the uncertainty that some teachers indicated they are feeling: 
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Of all the county and district trainings I have attended, it is still not clear to 

me how in depth I am supposed to go in each standard.  There needs to be 

more professional development on that.   

 

Other teachers were concerned about the lack of resources and curriculum.  This 

is how a teacher stated her apprehension: 

I see the point.  I see the reasoning behind the standards.  I just wish there 

was more of a uniform approach and set of materials available to teachers 

without so much of the pressure being solely on our shoulders.  Teachers 

are expected to reach into their own pocket and bring in materials for a 

class of 40…..and when those materials are consumed, there is nothing left 

for the next class.    

Improve Mathematics Education 

Thirty-eight teachers wrote 43 comments on the survey regarding the changes that 

need to occur in order for mathematics education to improve.  Thirty-seven percent of 

those teachers cited changes that they could control (n=14) and fifty-five percent (n=21) 

cited changes that teachers cannot control.  Eight percent included both (n=3).  Moreover, 

57% percent of the comments were about apprehensions that teachers cannot control and 

43% percent were comments about concerns that teachers can control. 

When a teacher suggested a change that teachers could control and could make on 

their own, I labeled the comment as “within teacher control.”  For example, a teacher 

wrote, “The most important change that can improve mathematics education is creating 

more meaningful and real world examples for students to apply their knowledge.”  

Conversely, when the comment was about factors over which high school teachers have 

no control, I labeled it as “without teacher control.”  For instance, a teacher stated, 

“Require that elementary and middle school teachers know and understand math and 

spend an adequate amount of time teaching it.”  More teachers gave opinions about how 

to improve mathematics education that were ultimately beyond their control.  Table 12 
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shows information about the themes that emerged from the recommendations given by 

teachers.  The majority of teachers who described “within teacher control” factors 

focused on teaching students concepts and problem solving skills.  In contrast, the 

majority of teachers who focused on factors that they could not control mentioned the 

preparation of elementary school teachers and the availability of quality professional 

development for teachers. 

Table 12:  Teachers' Recommendations for Improving Mathematics Education 

Type % Category Example of Quotes  

Within Teacher 

Control 

17 Instruction 

 

Instruction, right now it is up 

to the teachers to implement 

change 

12 Problem Solving Skills Help students develop basic 

skills with conceptual 

understanding. 

7 Communication Provide students with 

opportunities to engage in 

discussion and defend their 

solutions. 

7 Apply Knowledge Create more meaningful and 

real world examples for 

students to apply their 

knowledge 

Without Teacher 

Control 

17 Professional 

Development  

QUALITY teacher training  

 

14 Elementary School Better elementary and middle 

school instruction 

7 Less Standards Less standards and more time 

to delve into each standard 

more deeply 

7 Teachers  Good teachers 

7 Class size  Reduce class size 

5 Students Align the required learning 

with student ability 
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Despite the fact that teachers have no control over 57% of the concerns, the 

district can address some of them.  Furthermore, the district can also affect some of the 

concerns that are within teacher control.  All of the concerns that teachers could control 

deal with instruction in the classroom.  For example, districts can control the quality of 

training and offer meaningful professional development to teachers in the district.  By 

offering professional development for teachers and providing curriculum that includes 

more problem solving and applications, the district with teacher input could address 74% 

of the concerns.      

Discussion 

Implementers interpret policy depending on internal and external factors (Majone 

& Wildavsky, 1984).  In terms of the internal factors, teachers’ beliefs about CCSSM are 

mostly in congruence with their beliefs about mathematics education.  When teachers 

thought of mathematics education and CCSSM, they believed in the importance of 

applying knowledge and problem solving.  The survey results also indicate that 40% of 

surveyed teachers had already made a transition into CCSSM aligned lessons and that 

they were aware of the upcoming changes in 2014.  These teachers had looked at 

standards, lessons, and even assessments.  A few of the respondents even described 

proficient students as those who can solve mathematics as described by the eight 

mathematical practices.  Furthermore, 67% of teachers felt that CCSSM would bring 

positive changes to education.  More importantly, there is at least one teacher from each 

school who believed that CCSSM would bring positive changes and they were looking 

forward to full implementation in 2014.  This is important because change can begin with 
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those few teachers who can help others make the transition.  Formal collaboration in the 

form of PLCs has been institutionalized in this district for at least six years.  Currently 

98% of teachers met with colleagues at least once a month.  Furthermore, 84% of 

teachers stated that they met in a formal PLC at least twice a month.  Coburn (2001) also 

found that PLCs were essential to the sensemaking process of new reform.  Likewise, 

80% of teachers collaborated informally with peers about standards and strategies.  

Collaboration is important in the implementation of new reform because, according to 

Spillane (2000), teachers made the most changes to their instruction when they 

collaborated with others.   

According to the developers of CCSSM, the mathematical practices are the core 

of this new change in mathematics classrooms (CCSSMI, 2014).  Many of these practices 

have been modeled after the NCTM standards for practice.  These practices are research 

based and propose to help all students learn mathematics with understanding. 

Communication is an important aspect for students to learn mathematics successfully 

(Kaput, 2010).  The district involved with this study worked closely with administrators 

to shift teacher instruction to include more student interaction in the form of partner 

work.  Not surprisingly, the majority of teachers stated that they include whole group 

discussions and partner work in their practice.  Despite these classroom interactions, 

teachers were not using this time to ask students to make connections, to construct viable 

arguments, nor critique the reasoning of others.  Teachers can be asking students to 

collaborate but they could be collaborating mostly about procedures.   
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Summary 

Overall, the survey provided some insight into the sensemaking processes of 27% 

of mathematics high school teachers employed at SDSC district.  In Phase One, the 

results came from teachers employed in 10 of the 12 high schools in the district.  

Collaboration, as indicated as important by previous studies (Coburn, 2001; Spillane, 

2000) was a significant factor for these teachers to make sense of reform.  The depth of 

collaboration about the CCSSM reform varied among schools.  There are different 

concerns around the implementation of the new standards, some of which can be 

addressed by district leaders.  Most of these teachers had both positive and negative 

beliefs about CCSSM.  In Phase Two, I conducted a more in depth qualitative study of 

five teacher employed at five different high schools in this district.  The five teachers 

selected were those who were leaders at their schools and supporters of the CCSSM.  

Learning from supporters of reform during a transitional period of implementation will 

not only add to the literature, but will also inform school leaders and policy makers of the 

experiences of implementation during the initial phases with teachers at the forefront of 

implementation.  
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CHAPTER V:  SENSEMAKING PROCESS OF TEACHER LEADERS 

The next three chapters involve the analysis of Phase Two data addressing my 

two other research questions: 

1. How do interactions among internal and external factors affect teacher 

leaders’ sensemaking of reform? 

2. How do teacher leaders perceive their classroom practice is affected by their 

enactment of the CCSSM? 

This chapter, the summary of the within- case analysis, is a discussion of the 

stories of the five teachers who were selected from Phase One.  According to their survey 

responses, these teachers support the Common Core State Standards for Mathematics 

(CCSSM) and are leaders at their school.  As teacher leaders, they play a crucial role in 

reform implementation (Spillane & Thompson, 1992).  In the following chapter, I will 

model the sensemaking of their implementation using Multi-Agent NetLogo models.  

Key commonalities and differences among these five teachers will be discussed in 

Chapter VII by conducting a cross-case analysis.     

Teacher voice is important to consider as they describe their experiences in the 

enactment of CCSSM and Mathematical Practice Standards (MPS).  Telling the story 

from each teacher’s unique perspective is important as each teacher is situated in a 

different context, which has been described as significant to the sensemaking process 

(Weick, 2005).  Learning about the factors that are shaping the sensemaking of these 

school leaders and supporters of a new reform during the transitional period will provide 

a deeper understanding of how these factors affect their practice.  Glitin and Margonis 

(1995) emphasized the importance of learning about the teachers’ larger context of 

understanding how they respond to change. 
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Leaders and Supporters of Reform 

These five teachers are leaders at their school.  As leaders, they have a more 

profound influence on the implementation of reform (Spillane & Thompson, 1992).  They 

also attend additional professional development provided by the district (cohort 

meetings).  These meetings are twice a quarter and are attended by two members from 

each school in the district.  CCSSM, MPS, online resources, lessons, and assessments are 

a few of the topics that are covered during these meetings. 

These five teachers report exciting changes and challenges as a result of CCSSM.  

The following are some of the positive experiences as expressed by Phase Two 

participants.  Sam, for example, is enjoying the new mathematics connections that he is 

making in Geometry and expanding his content knowledge.  Leslie and Eva are enjoying 

using applications in Algebra 2 that are changing the class experience for their students.  

They are noticing that students are more excited to learn Algebra 2 when they see the 

applications first because they then find the procedures meaningful.  Susan, she has been 

teaching long enough to see the different paradigm shifts in mathematics education over 

the last 20 years, a shift from a theoretical framework based on behaviorist learning 

theories (students learn by practicing) to one which is  based on social constructivist 

learning theories (students learn by socially constructing knowledge).  She is excited to 

see that CCSSM is attempting to bring balance between these two paradigms.  Finally, 

Kevin is appreciating the conceptual gains of his Algebra 1 students.  The key challenges 

will be covered in Chapter VII.   
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The Demographics of Phase Two Participants  

Three of the teachers were mid-career (Leslie, Eva and Sam).  Kevin was closer to 

ten years of experience and Susan had been teaching for a little over twenty years.  All 

five teachers had a Bachelor’s Degree in Mathematics and a Master’s Degree in 

Education or Curriculum.  The demographics of each school of the five participants were 

employed were representative of the district in general.  Sam and Eva were employed at 

schools that had a high percentage of students who were considered by the district as 

significant subgroups (qualify for free or reduced lunch, ELLs and special education).  

On the other hand, Kevin taught at a high school with low percentage of students from 

these significant subgroups.  The schools where Leslie and Susan taught were in the 

middle.  Table 13 has demographic information about the five participants and the 

schools where they work.   

Table 13:  Phase Two Participants' Demographics 

Participant Years 

Teaching 

Education Courses School SED ELL Sped 

Ed 

Sam 11-20 BS Math 

MA MathEd 

Geometry 

Calculus 

OCH 77% 45% 12% 

Susan 20+ BS Math 

MA Curr.& 

Ins. 

Geometry 

Calculus 

ALH 56% 36% 10% 

Eva 11-20 BA Math 

MA Curr & 

Ins 

Algebra 2 DUH 89% 62% 12% 

Kevin 6-10 BS Math 

MA 

Education 

Algebra 1 

Algebra 2 

PRH 29% 28% 9% 

Leslie 11-20 BA Math 

MA 

Education 

Algebra 2 

Finite 

Math 

ANH 43% 28% 8% 

Note.   SED= Socioeconomic Disadvantage 

 ELL= English Language Learners 

 SpEd=Special Education Students 
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The different data sources (survey, observation, and interview) were used to tell 

the story of each teacher as he or she was making sense of CCSSM.  Each story provides 

a detailed account of key internal and external factors that affected their sensemaking of 

the reform and consequently affected their teaching practice. 

Eva’s Story:  The MPS are Essential to Successful CCSSM Implementation. 

Eva had been teaching mathematics for 15 years in two different schools.  She 

had been a teacher leader in both schools where she taught Algebra 1, Geometry, and 

Algebra 2.  During the year of this study, she was teaching Algebra 2 and she was leading 

the Professional Learning Community (PLC) at her school.  She liked teaching block 

schedule at SUH high school where 80% of students qualify for free or reduced lunch and 

73% of students are ELLs.   

Like the other four participants, Eva believed that CCSSM would bring positive 

changes to education.  As a PLC leader, she engaged her PLC members in not only 

writing CCSSM lessons but also writing assessments aligned to the CCSSM.  This 

indicates that Eva and her PLC were committed to transitioning during the experimental 

year (2012-2013) when lessons and assessments aligned to CCSSM were available for 

optional use.  Additionally, Eva highlighted the importance of the Mathematical Practice 

Standards (MPS) to mathematics education.   

Internal factors.  Her experience and beliefs positively affected her sensemaking 

of CCSSM.  Mathematics education for Eva was about helping students make 

connections and problem solve.  When participants commented on “connections,” they 

referred to students’ understanding of how topics are related and how ideas are 

connected.  The previous California standards were mostly focused on skills and isolated 
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facts.  In contrast, the CCSSM highlight the connections between today’s topics and 

yesterday’s and tomorrow’s lessons.  “The goal is no longer memorization but to make 

connections among topics.”  

She also believed mathematics education was about procedural and conceptual 

understanding.  According to Eva, student interaction in the classroom is important for 

their understanding of concepts and procedures.  Her goal as a mathematics teacher was 

“to teach [students] all these things that help them to think through problems so that they 

are able to think through different problems on their own.”  Additionally, Eva wanted to 

teach students the skills they needed to solve mathematical problems abstractly and in 

context.   

Eva stated that what she liked about CCSSM was that these standards “make math 

more relevant with more applications and better flow.”  She believed that the 

implementation of CCSSM gave teachers an opportunity to have good conversations in 

the classroom where teaching procedures were no longer the focus.  In particular, she 

highlighted the importance of the MPSs by stating that mathematically proficient students 

are those who “have all the problem solving skills described in the eight performance 

standards.”   

One of Eva’s strengths for CCSSM implementation was her experience with 

group/partner work and whole group discussion.  She stated that over the years, she had 

learned many traits that were important to her instruction in a CCSSM classroom.  She 

reflected about how she structured student interaction:   

They've been the same for years for me.  I've always tried to have an even 

number of rows that are easily paired up and that are easily turned into 
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groups of four. Maybe for my first year teaching I didn't do that very 

often.  I would let kids tutor each other, but from their seat.  My first year 

teaching, it never dawned on me that they could move their desks (laughs).  

You know when you are trying to figure out what you are doing.  It’s over 

many years, I've had that strategy.  The seating chart drives my classroom 

management for sure.   

Eva used student interaction in her classes to ensure that students understood the 

procedures and made the connections she wanted them to make.  Students worked in 

partners to practice procedures and often worked in groups of four to work on tasks that 

would lead them to make mathematical connections.   

External factors.  Collaboration for Eva was essential to her practice.  Her 

formal PLC and the support she received from her principal was critical for her 

sensemaking process.  In fact she felt that she could not do the transition alone: “These 

transition years are going to be very challenging…..I think our PLCs are really going to 

need to work together to survive it.  I wouldn't want to do this on my own. I need my 

PLC.”  As PLC lead, she typically brought lessons to her PLC meetings and as a team 

they modified and improved them.  Because Eva and her PLC had the support from 

administration, they were allowed to take time off from work to create lessons and write 

assessments.  She stated that, “this opportunity has been a blessing.”  Eva and her PLC 

consisting of five other teachers had three pull out days during the first semester to write 

units, lessons and plan instruction.  During finals week they were also going to meet and 

plan for semester two.  

Although, Eva perceived her PLC was not 100% focused, it was still effective.  

Four members in her PLC were fully invested in the transition to CCSSM, one member 

participated in the planning but was having difficulty implementing, and one member 
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attended the meetings but did not provide input.  “He is mostly in the computer doing his 

own work,” she recalled.  Eva stated that as the leader, there was nothing she could do, 

“it is the administrators’ responsibility to do something about these teachers.”  Mostly, 

the reason for their disengagement was that they served different populations (special 

education and accelerated).  As Eva calmly stated, “Yet, we are all teaching [Algebra 2].”  

In Eva’s mind, there should be more effort from these two teachers to implement 

CCSSM.  Nevertheless, Eva states that she had heard positive comments from one of 

these teachers in her PLC.  This teacher liked how the lessons were more focused.  

Furthermore, this teacher was enjoying her profession more as a result of having students 

collaborating with one another.  Eva described her PLC as semi-functioning.  “They see 

the benefit that if we are all working as a team, it’s less work on each one of us.”   

Teacher practice-Algebra 2.  There were features of Eva’s practice that 

appeared to stay the same, others had been modified and a few new practices were 

incorporated as a result of CCSSM implementation.  Eva believed in student-centered 

instruction for years.  During the observation, she walked around and made sure students 

were on task and assisted those who needed help.  She constantly asked for student 

feedback and adjusted her lesson to meet the needs of her class.  Additionally, she often 

elicited students’ responses as she was going over examples.  She created a safe 

environment where making mistakes was non-threatening.  She even referred to mistakes 

as “adjustments.”   

For the last ten years, student collaboration had been an essential component of 

Eva’s instruction.  During the lesson that I observed, she had students working in groups 

and with partners most of the class period.  As I mentioned before, her rationale for the 
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seating arrangement was the versatility it gave her to do group/partner work.  Students 

knew who their partners and group members were and efficiently switched back and forth 

between different seating arrangements.  It took students about a minute to switch the 

setup of the classroom.  She said that it took this group a couple of months to learn to 

switch back and forth in a timely manner.   

Although collaboration had been part of her practice for many years, with the 

implementation of lessons aligned to the CCSSM she learned that collaborative tasks that 

she gave her students to collaborate about were essential for the depth of the 

mathematical discussions.  She stated that in the past the purposes of the groups were 

mostly for students to help each other complete independent work and for her to assess 

their understanding of the lesson.  She said, “Dalogue is very important for me because 

that is the only way to hear them talking [about the math].  That's how I know if they 

really understood what they are doing.”  With CCSSM she has found that “the task would 

have to be challenging enough where they have to help each other and work as a team but 

not so easy that they could work independently by themselves.  It’s not easy to find those 

[tasks].”  She learned to present students with tasks that were more meaningful and 

generated discussions that were more about concepts rather than procedures.  She 

indicated that it was impossible to teach using those type of tasks all the time but that she 

made an effort to implement at least three such tasks in every unit.   

On the other hand, the goal of instruction changed.  Although Eva had not taught 

Algebra 2 for some years, she was certain that when she taught it she focused on the 

procedures.  She believed that she never had students make the connections that they 

were making at the time of the study.  She also wanted to teach students the purpose for 
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learning procedures.  She indicated, “The more I see the standards for CCSSM, the more 

I want to incorporate applications and have more tasks that require students to use 

applications.” 

The other feature that changed was the questioning techniques that she used in her 

classroom.  Eva asked students, “What relationship is there between the zeros/roots of the 

function and the factored form of the function’s equation?”  Her questions generated 

discussion among group members followed by a class discussion.  During the classroom 

discussion, Eva wanted students to think about the structure of the function and its graph.  

She prompted students to focus their attention to the structure by asking questions such 

as, “Do you see anything that the -3 and -1 tells you about the graph?”  She also asked, 

“What do you think this might give us?”  She wanted students to see how the zeroes are 

the values of the factored form of the quadratic function.  A student then asked her why 

the values are negative when the numbers are positive.  Instead of answering the 

question, Eva asked the class another question, “Is it always negative?”  As students were 

working on the exploration, Eva let them struggle and when the students asked for her 

assistance, instead of giving them the answer, she gave them more things to think about 

and guided them to consider observations that they were not making.  “Do you think this 

happens all the time?  What do all these 3 graphs have in common?”  The students 

created a hypothesis as they thought about the answers to Eva’s questions.  “Does the 

pattern continue with the roots in the factor form?  What pattern did you see?”  Eva 

reflected on how difficult it was to make that transition.  She had to make a conscientious 

effort to avoid giving students the answers and to let them struggle.   
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Discussion.  Eva made substantial changes to her instruction as a result of 

CCSSM.  For CCSSM, conducting student group work is essential.  She had an 

advantage because prior to CCSSM she already had students working in groups.  Eva had 

traditionally used groups/partners more as a classroom management tool.  For example, 

students worked in groups in order for them to assist each other while she walked around 

and provided individual assistance to struggling students.  She started using groups not 

only for peer tutoring purposes but also to have students make discoveries and investigate 

math concepts.  According to Phillip (2007) and Thompson (1992), a teacher’s belief is 

not static and can change.  The purpose of Eva’s instruction was shifting from just 

understanding procedures to also understanding the underlying concepts.  Her perception 

of a teacher’s role also shifted from “the teacher” to “the facilitator.”  Using different 

questioning techniques, she was able to encourage students to make their own 

conclusions and to struggle with the mathematics.  As a teacher, Eva found it difficult not 

answering students’ questions, but with practice she became aware of how students 

benefited from not answering their questions.  The new questioning techniques elicited 

student thinking, and focused students on making connections about the patterns and 

structures in mathematics.   

She used the MPS #7 and #8 to plan her lesson.  Together with her PLC, she 

planned for students to make certain observations that would lead to conceptual 

understanding.   

Collaboration was essential to Eva.  She stated that the times she met in her PLC 

were valuable.  “The main resource is time with colleagues to really understand this and 

wrap our minds around it.”  In fact as Eva stated, ideal would be “[to get] more time 
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together to work [CC problems] out and then present them to the class.  Then, have time 

afterwards to figure out what went right and what went wrong.”  Most PLCs have barely 

time to plan, much less to reflect and evaluate their instruction.   

Eva had a better understanding of the MPS like none of the other participants.  

She completely embraced them and used them as the framework for her PLC lesson 

planning.  She commented, “All these performance standards are in my head now.  How 

can I incorporate those so it helps me understand how much [students] understood?”   

Sam’s Story:  CCSSM is the Vehicle to Manifest his Beliefs about Mathematics 

Education Involving Students Making Connections. 

Sam was a midcareer teacher who had been teaching approximately 15 years at 

the same school.  His school served a high number of students who qualify for free or 

reduced lunch.  Forty-five percent of students at his school were English learners.  He 

earned a Bachelor’s of Science in Mathematics and a Master’s of Arts in Teaching 

Secondary Mathematics.  During this time, he taught Geometry and Calculus.  Sam was a 

teacher leader at his school for several years.  He served as department chair, resource 

teacher and PLC lead.  He felt very frustrated with the leadership at his school and with 

some of the colleagues in his department.  Despite the challenges that he was facing at his 

site, he was embracing CCSSM changes.     

Internal factors.  Sam believed that mathematics education should be about 

students being able to make connections.  He stated that the most important change that 

can improve mathematics education was “getting students to see connections rather than 

memorize steps.”  He knew that students were learning what he was teaching them when 

“I don’t have to ask [students] the question but [students] can start making those 
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connections.”  Sam stated that during the last ten years the focus had been on getting 

students to memorize the right answer versus understanding the concept.  According to 

Sam, the reason for students not retaining information is because they are not making 

connections: 

I mean, that is how I think kids will learn better because too many times 

they learned it, took a test, forgot about it, that’s it.  And, if you really 

think about when you ask them if they learned it, they all say no, they did 

something.  I don’t want it to be like that, I want them to think that when 

they can do things more on their own.  When [I] can figure out ways to 

make them more curious about stuff, they will make connections so much 

more strongly where they made connections before was because someone 

else told them that connection.  But, if they discover those connections it’s 

going to be a whole new world for them, I think.   

 

In terms of the CCSSM, Sam said, “I think that CCSSM is about discovery, 

making connections and trying things.”  Moreover, if students make those connections on 

their own with teachers facilitating the process and not giving them the answers, students 

will be able to retain the information more easily.  He stated, “[CCSSM] forces students 

to think.”   CCSSM is asking teachers to teach students to think like mathematicians and 

to present students with problems that will be thought provoking with no obvious 

solution.  Sam stated, “ I just think that this is the way kids should learn.”   

External factors.  His Geometry PLC at the time of the study was not as effective 

as the previous year’s PLC.  Sam discussed how he planned a CCSSM unit on 

congruency in the year before this study: 

We started doing this stuff (implementing CCSSM lessons), we 

changed our whole congruent lessons.  Like, why triangles are 

congruent?  Last year, we tried to root them in constructions and all 

we could brainstorm me and colleague, my other colleague and two 

student teachers was like,…… let’s just have them copy triangles. 
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 Like Eva, Sam stated he and his PLC colleagues implemented CCSSM lessons 

every time they had an opportunity.  Unlike his PLC from 2012, Sam perceived his PLC 

from 2013 as not functional, “I don’t know how effective the PLC is being this year.  

Thank God there is Dropbox.  If you want to put into it, put into it and if you want to 

take, then take from it.”  Sam said that in his current PLC, they do not meet to discuss 

CCSSM lessons.  Sometimes when everyone is there, they discuss how to grade the 

district performance assessments aligned to CCSSM (performance tasks).    

The schedule of his PLC was ineffective because the leadership team structured 

PLCs in a way that made it hard for him to collaborate with peers with whom he met 

informally.  Sam had one colleague with whom he ate lunch frequently and with whom 

he discussed CCSSM on a regular basis.  “Me and somebody else trying to make 

resources and just trying to survive.”  He viewed this interaction with his colleague as 

essential in helping him understand how to implement concept tasks.  Because his 

colleague was also the lead of another PLC, he could not participate in Sam’s PLC.  As a 

PLC lead, Sam felt frustrated.  His PLC was supposed to meet once a month, but many 

times not all members were present because they chose that time to participate on other 

commitments.  Sam was also struggling to collaborate with colleagues in his department 

who were traditional and delivered teacher-centered lessons.  By traditional, he meant 

that teachers were using the textbook and lecturing most of the time.  In addition, he 

described a teacher in his PLC who just started doing constructions before the 

performance task.  Sam believed this practice set the students up for failure because the 

teacher should have had students making constructions from the first day of school.   
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As PLC lead, Sam was at an advantage compared to other teachers in his 

department who did not attend cohort meetings.  At these meetings, Sam got an 

opportunity to collaborate with other teachers in the district and try concept task lessons.  

Accessing online resources and writing performance tasks were also some of the 

activities at these cohort meetings.  All of the information was then supposed to be 

discussed with the rest of the staff at each site who taught a specific course (Geometry, 

Algebra, etc.).  However, as Sam stated in the interview, his PLC did not meet frequently 

to discuss CCSSM lessons.   

Teaching practice-Geometry.  Sam also made changes and adaptations to his 

practice as a result of CCSSM.  Sam’s classroom during the last ten years was often 

arranged in groups of four.  Like Eva, Sam also noticed the importance of the task that he 

gave to students to work in groups or with a partner.  As a result of CCSSM, he presented 

students with more discovery problems and adjusted the lesson to address student 

learning needs that he uncovered during the lesson.  Sam stated, “I would much rather 

have the kids figure out [the math].”   

During the observation, Sam presented students with a discovery task using 

constructions that required them to apply what they had previously learned.  Sam 

however, did not explicitly tell students what constructions they needed to use to 

complete the task.  The biggest shifts in his instruction were constructions and the related 

questioning techniques.   He used “different types of questions because the construction 

questions are different than any other questions we’ve asked in math before.  I think I’m 

going to have to help them a little bit more on that.”  Students were asked to construct a 

circle given any three points.  He asked the students, “How do I know it’s a circle?”  The 
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open-ended question encouraged students to think and try different constructions.  

Students were given paper, a compass, and a straight edge to work on different 

constructions.  When students were given a task and were asked to work in their groups, 

they would first make an attempt independently and then converse with peers afterwards.  

During the interview, Sam talked about how the silence during the first few minutes 

worried him.  He thought students would start having conversations about the task right 

way.  Instead, he found that students were working silently on their own.  He realized 

how he liked this format better when students took a few minutes to attempt the tasks on 

their own and then had a conversation with peers.  

Sam reflected on his experience.  “Every time I do one of these types of lessons 

where I don’t teach directly  I just kind of see what the kids can do. I find that I figure out 

more about what they know and don’t know. You know, better than me just saying step 

1, step 2.  I mean when they figure it out, I get to see where they got stuck and what 

success they had.”  He also enjoyed that he was increasing his mathematical content 

knowledge.  “I’ve never done dilations with constructions before.  I mean that is one 

thing that I do enjoy about this new curriculum is that I’m actually learning a whole lot 

more.” 

Understandably, even with his successes he was also facing challenges.  The 

assessment component was tricky, he explained: “I think that is giving me a better way to 

look at some of these standards. How to address them without addressing the assessments 

directly?  Again, that is like, how do you do that and build critical thinking at the same 

time.  I am still figuring it out myself.”   
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Discussion.  For Sam, implementing the CCSSM gave him an opportunity to 

teach mathematics conceptually.  As stated in previous studies, teachers’ beliefs about 

mathematics impact teacher practice (Thompson, 1992).  Using Stipek, Givvin, Salmon, 

and MacGyvers (2001) definition of teacher’s beliefs, Sam held inquiry-based beliefs 

meaning that, he saw math as a dynamic discipline.  During the transitional year, Sam 

continued to present students with challenging tasks that do not have an immediate 

solution.  Sam commented, “I’ve always wanted to teach like this.  It’s not like I’m 

changing everything to some weird thing.  I tried to teach the old curriculum like this.  It 

was so hard to do that though."  With the previous California Mathematics Standards, 

teachers were pressured to teach many facts in a short amount of time.  This requirement 

left teachers with little time for discovery learning. 

In 2012-2013, the district gave teachers the opportunity to experiment with the 

implementation of CCSSM lessons.  However in 2013-2014 it was expected that teachers 

implemented CCSSM practices and lessons.  All benchmark assessments were suspended 

and were replaced by performance tasks.  The performance tasks required students to 

apply several skills and concepts to solve one problem.  In other words, only if students 

had a conceptual understanding could they successfully complete the task.  Relieving 

teachers from the pressure of teaching to standardized multiple-choice tests gave teachers 

like Sam more freedom to spend time on conceptual development instead of procedures.   

Sam had at least 18 months of experience with the CCSSM.  Having a PLC in 

2012-2013 with whom to discuss and implement CCSSM lessons helped him make more 

meaningful changes in his practice.  The alignment that he identified between his beliefs 

and the purpose of CCSSM reflected his personal goal to learn and implement the 
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CCSSM.  Part of his interpretation of CCSSM was mediated by his beliefs about 

mathematics education (Spillane & Zeuli, 1999).   

Although Sam did not have an effective PLC during the study, he continued to 

have someone with whom he could collaborate about CCSSM implementation.  

Collaborating on a regular basis with a colleague during lunch, Sam was able to divide 

the work of creating curriculum, which he found very time consuming.  Coburn (2001) 

found this interaction as essential to the sensemaking process where teachers interpret the 

policy. 

Kevin’s Story:  CCSSM is about Teaching Concepts and Purposely Studying How 

the Ideas are Connected.   

Kevin had been teaching Algebra and Intermediate Algebra for eight years.  Even 

as a new teacher, he had taken a leadership role at his school.  Kevin had served as 

department chair, school representative for different district committees and PLC lead.  

Kevin had also been creating curriculum since his second year of teaching and had shared 

it with others in his department.   

Internal factors.  Kevin believed that students should be able to use mathematics 

to explore abstract and applied concepts.  Throughout the interview, he talked about the 

procedures and the conceptual connections he wanted students to make.  “I know what 

questions I want them to try to focus around.  How do I build that up?”  He believed in 

the importance of teaching students the relationships that exist among topics.  He started 

creating his own curriculum because he wanted to include more spiral review in students’ 

assignments.  He also wanted to relate the topics more and he felt that the textbook 

presented the topics as isolated concepts.  During the interview, Kevin discussed how his 
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lessons focused on both procedures and concepts.  He believed both are important and 

even during procedural lessons, he wanted students to learn the procedures with 

understanding.   

In terms of the CCSSM, Kevin talked about the two components of CCSSM, the 

MPSs and the content standards.  He believed that teachers who think that CCSSM is just 

about adding more applications to the curriculum are wrong.  He believed CCSSM is 

more than that: 

The emphasis [is] on conceptual understanding as opposed to procedural 

ability.  The Common Core State Standards emphasize understanding.  

Why things happen in the abstract.  I believe that this is an important piece 

to mathematical fluency that almost all of our students (and many of our 

teachers) lack. 

 

Kevin considered CCSSM impossible to implement now only because it will take 

years before students can be at the level necessary to teach mathematics as described in 

the CCSSM.  He said that a lot of remediation would need to occur prior to being able to 

implement CCSSM as intended by policy makers.  In order for Kevin to teach an algebra 

standard from the CCSSM he had to go to a standard from middle school in order to fill 

in the learning gaps in his students.  Kevin was concerned about implementing CCSSM 

the following year because he anticipated many students would have many gaps in their 

learning.  He was not sure how he would be able to teach the CCSSM and fill in students’ 

learning gaps.   

External factors.  Informal collaboration was also essential in the sensemaking 

process for Kevin.  During the interview, Kevin used the pronoun “we” several times 

when he talked about lesson planning and his practice.  Although Kevin belonged to a 
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formal PLC that met once a month, all of his lesson planning and preparation occurred 

with two of his colleagues.  The three of them met frequently to discuss lessons and 

create curriculum.  In his perspective, his collaboration with those two teachers was a 

genuine PLC.  Kevin described his experience:  

The legitimate PLC that is PLC-like that happens for this class is myself 

and the two other teachers.  We get together every day, multiple times a 

day. I'll see them before school, after school and I see them during 

nutrition break.  Like I’ve already been over there to talk to them today.  

Just sitting down casually and saying "hey how did it go in your class 

today? How did it go in your class? What do you think about developing 

the idea this way, that way?” It’s the casual interactions and the casual 

bumping into each other. We're nerds! We're nerds for math instruction so 

we will end up talking about how an idea is put together. 

 

In Kevin’s mind, meeting more frequently with his formal PLC would not have 

made a difference.  He stated that the principal was willing to provide his department 

pullout days, however he felt that he would end up missing a day of work to do what he 

already did with his two colleagues.  He further explained how it was easier to 

collaborate with these two colleagues because they enjoyed talking about math 

instruction: 

When you have a group of teachers who want to plan at a certain level and 

other group of teachers who want to plan at a very different level putting 

them in the same room [is not good].  I just don't know how you sort of 

bring together a compromise on that.  I don’t think that the teachers at our 

school who are doing this sort of heavy duty planning really have the 

patience to sit down and spend a lot of time trying to convince everyone 

else that, that is what they ought to be doing.  I'm not saying because other 

teachers at this school aren’t capable of putting together rich or even 

generating new ideas.  I think a lot of them are like, “this is what the book 

says and this is how I'm going to teach it.” 

 

As he and his informal PLC planned CCSSM implementation, they decided to try 

to incorporate more student interaction and project-based learning.  He found that: 
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We ended up having these really great conversations and these great 

insights, essentially related to rate of change.  Kids [were] able to 

understand that a curve means acceleration on a distance versus time 

graph.  [This] is something that you try to get students in calculus to 

understand well and I had students in Algebra 1 who would say, “oh well 

that curve means you're going, the person is going back towards home 

and they start fast and they were slowing down,” they were talking about 

why that was neat.  

 

In terms of professional development, he attended the district cohort meetings and 

conferences that emphasized CCSSM.  Through the professional development that he 

attended, he learned about different resources including the documents that describe how 

mathematical concepts get developed over the school years.   

Teacher practice-Algebra 1.  Kevin was conflicted the length of time it took him 

to teach CCSSM lessons.  He felt guilty that he fell behind in teaching the material that 

he should have taught.  However, in order to teach Algebra 1 as specified by the CCSSM, 

he found that many of his students lacked the skills that they needed.  Consequently, he 

had to go back and teach many of the prerequisite skills with understanding.  This meant 

that he had to go back to a lesson from middle school. 

He was also shifting his instruction to include more of students explaining their 

reasoning.  He commented: 

We knew that with CCSSM there is going to be a lot more justification 

and even if it’s not application there is going to be [moving] away from 

just procedural understanding.  There needs to be a better ability to talk 

about the math that's happening. 

 

Kevin was excited about the changes that he was experiencing in his classes.  The 

conceptual understanding of his Algebra 1 students and their understanding of rate of 

change surprised him.  Excitedly, he commented:  
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So they graphed y=(7/2)x +3 and Y =2x+3 and I ask them obviously 

which line is steeper.  “Well this one is” and when I asked them “why?” 

That is a question that I always ask to see which students could answer it. 

Seems so obvious [but] kids can never say legitimate why.  And I had a 

bunch of students raise their hand and that’s unusual for that question.  

The person that I called on gave the exact right answer was, “because the 

seven means you are going up more and you only go over a little bit so it’s 

going to be steeper than if you are going horizontally a lot and vertically a 

little,” and I was like WOW! Okay we have only covered half the content 

but you learned something.  I quit! 

 

During the study, Kevin was taking from his experience this idea of 

teaching mathematics by building up concepts.  He stated, “The standards are 

going to guide a lot of what we are going to do I think that sitting down with the 

standards will give me the time to think, ‘these are the set of ideas that I am trying 

to develop.  How do I build those ideas?’” 

Discussion.  Kevin learned to create his own materials early in his career.  Having 

that experience put him at an advantage compared to other teachers who are not used to 

creating their own assignments and relied on the textbook.  In particular, during the 

transitioning year, there was no adopted textbook.  Teachers depended on the CCSSM 

State Standards, online resources and a draft of the new California Framework to plan 

instruction.  Additionally, textbook adoption for high school mathematics would not 

occur until the 2015-2016 academic school year, a year after official CCSSM full 

implementation.   

During the interview, Kevin explained how he had experience asking students 

questions that would lead them to conceptual understanding.  In his practice, he was very 

conscientious of his paradigm of teaching, procedural versus conceptual.  Even when the 

lesson was procedural, he thought the conceptual dimension by teaching the process with 
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understanding.  In his mind, he had a clear definition of conceptual versus procedural 

understanding.   

His informal PLC was where Kevin discussed ideas about his instruction.  What 

he discovered about his teaching is that he needs to get better at doing group work and he 

needs to learn how to help students communicate their learning better.  

With the implementation of CCSSM, Kevin discovered three things 1) he needs to 

fill in students’ gaps before he can implement a unit at grade level 2) CCSSM lessons are 

time consuming, and 3) students make great conceptual gains through meaningful tasks 

that lead students to conceptual understanding by including discussion and partner work.  

During the classroom observation, I witnessed his emphasis on procedural fluency as 

well as conceptual understanding of rate of change.  The lesson that I observed could had 

been very procedural (students substituting values and making a table); instead, students 

were asked to generate solutions for the table and explain how that related to rate of 

change.   

Kevin had conflicting feelings about CCSSM because on one hand he saw the 

potential in developing students’ conceptual knowledge, but on the other hand, the lesson 

implementation took too long.   

Susan’s Story:  CCSSM is the Balance Between Traditional and Discovery 

Mathematics Education 

Susan had been teaching for more than 20 years.  She had experience teaching 

many different mathematics courses including traditional and integrated.  She had taught 

Algebra, Pre-Calculus, Calculus and Finite Math.  During the year of this study, she was 

teaching Geometry and Calculus.     
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Internal factors.  In Susan’s twenty years of practice, she had experienced 

different trends in mathematics education.  She perceived herself as a constructivist 

teacher and a proponent of discovery learning.  Susan’s definition:  

I think constructivist type of education is left-wing education.  Its 

performance based.  It’s more, It’s not touchy feely!  But it’s certainly 

more, you want the students to discover learning, discover the 

mathematics.  You want them to understand why it works.  You are trying 

to build this thing for knowledge. 

 

Susan, stated that students should be able to “articulate their solution and apply 

that process to a new problem that might not be exactly the same.”  As she examined her 

teaching, she acknowledged that she needed to create more opportunities for students to 

have those conversations.   

She referred to CCSSM as the middle of the dichotomy that exists in mathematics 

education.  As she discussed in the interview, mathematics education has been to both 

sides of the spectrum.  Susan believed that mathematics education should be balanced 

between discovery learning and direct instruction.  She explained the two types of 

approaches to teaching mathematics: 

I don't see [CCSSM] any different than what we did 20 years ago.  Really, 

I feel like the pendulum, like I said before right and left, I think this time 

instead of swinging all the way to the left, even though I feel some people 

want to go all the way to the left. I'm not interpreting it that way.  I'm 

interpreting more as "hey we did some really good things last time, we are 

doing some really good things right now.  Let's meet in the middle.” I 

really like the idea that people are looking at what we're going to be 

teaching the students from a cognitive perspective. 

 

Susan further explained what she meant by “a cognitive perspective.”  She was 

referring to the rationale behind the sequencing of the math standards in the primary 
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grades.  Some of the topics were taken away from one grade level and put in the next 

grade level according to developmental readiness of children for learning.  Susan 

identified her teaching philosophy in this part of the reform:  

Cognitive development, that's a huge piece of what I teach in my 

perspective and so I like the idea that we are having a curriculum that is 

based on, whether the students are ready for this, not people in Japan 

learn this topic in third grade. 

She is referring to the changes made regarding the push for all eighth graders to 

take algebra in California in 2000.  The new standards suggest that those students in 

middle school only take Algebra 1 if they are ready.  “Well honestly [it] is what I used to 

do, and I was always a constructivist discovery learning type of teacher.  I've always 

preferred to teach that way.”  She further stated that “as we're moving more towards 

CCSSM, we need more student interaction.”   As a constructivist teacher, student 

interaction was essential for student learning. 

External factors.  Of the five teachers, Susan had the most interesting 

collaboration dynamic.  The principal decided during the year of the study to dismantle 

the former Geometry group and assign Geometry to teachers that worked well together.  

Susan stated: 

We don't have a wild road Geometry teacher.  And part of that was 

intentional because our Geometry PLC was really dysfunctional!  I mean 

they were yelling and screaming last year with admin coming in.  It was 

bad…..And you see Geometry is a key course with your ninth graders and 

your tenth graders that take CAHSEE …….so admin stepped in and flat 

out said, “anyone who is teaching Geometry will not be teaching it 

anymore.”…..  Yeah it was kind of an interesting experience. Those of us 

in the PLC like the core group that were recruited, were picked because 

we get along. 
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Except for one teacher, everyone in her PLC was new at teaching Geometry: 

either they had never taught the course or they had not taught the course for many years.  

In her case, she taught Geometry around ten years ago.  Susan explained that originally, 

there was a teacher who left the school who was going to be the PLC lead.  However, 

after her departure, Susan said that their PLC was a “leaderless group.”  Nevertheless, 

Susan and another colleague were leading the group.   

Despite the factors that contributed to the creation of her Geometry PLC, Susan 

felt that it was effective.  “We get a lot done …. In our minds, PLC is group work to 

come out with a product that [we] can use in [our] classroom tomorrow.”  According to 

Susan, there was only one PLC member who “has not made a paradigm shift.”  Susan 

explained that occasionally her colleague would mention the California standards to plan 

instruction in PLC.  Because most members were new to Geometry and the only member 

that had current experience was very traditional, they searched for lessons from other 

sources: 

We've been using a lot [of] materials from another school because they 

have some really good stuff.  So we look at their material and then adapted 

to what we think we want……We pull out created, not just theirs, already 

created materials from somewhere like the internet, on a smartboard, etc.  

Then we look at it and decide what we want.  Usually we start as a big 

group and then kind of move in on different ideas cause six people is a lot.  

As we are moving in a direction sometimes, it’s naturally to split into pots.  

Once we get started, …some people will pull off and work on the practice 

test.  Some other people will work on this activity and then we'll come 

back tomorrow again.  [PLC meetings] start with the whole group and 

then we might, as needed, do a break out session.  Just depending on the 

needs of what's going on. 
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Susan met regularly with her colleagues both informally and formally.  She met 

formally once a month and informally at least once a week and shared lessons via emails 

on a regular basis.     

Susan participated in several professional development opportunities with her 

PLC.  Her PLC had a summer institute where they were able to write CCSSM 

curriculum.  They also had two pull-out days for each quarter.  During this time, they 

planned curriculum.  As Susan noted, sometimes this PD was useful and other times it 

was not because they over-planned and then changes needed to be made once direction 

was given by the district after the school year started. 

Teacher practice-Geometry.  Unlike Sam who had been doing CCSSM 

curriculum for at least 18 months, Susan had only been incorporating CCSSM for less 

than six months.  Prior to this year, she did not discuss the state standards.  It was not 

until this year that she transitioned completely to the CCSSM.  Her shift was mostly 

driven by her principal and the shift of assessments from the district.  Susan stated, 

“[The] principal came in and said these are the changes we are making.” 

Her classroom arrangement was also based her need to be accessible to all 

students in the room.  Nevertheless, she mentioned how difficult it was for her to conduct 

group work.  She said that she mostly used group work when she wanted the students to 

review for an exam and called it “group test.”  Susan understood the importance of 

student interaction and she was aware that she tended to do direct instruction too much.  

This was an area of growth for her.   

Her lesson reflection corresponded to the results of my observation of her class.  

She was teaching a lesson on triangle similarity.  Although her instruction was student-
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centered, her lesson was traditional.  By student-centered, I mean that students were 

working together and she only lectured about 25% of the class time.  She also responded 

to students’ questions and she walked around providing individual assistance.  However, 

the content students were learning (triangle similarity) is a topic that the CCSSM 

standards guide teachers to teach using transformations.  Susan’s lesson was focused on 

students memorizing the similarity postulates, rather than understanding why these 

postulates work.  During the delivery of the content she elicited student responses from 

questions that were procedural such as “What do I do first?  What is the next step?  What 

number would you put on top?”  Her teaching strategy was to get students to fill out a 

handout with preformatted notes.  The handout was fold to show the important 

information on one side and definitions or examples on the other side.  This strategy is 

called a “Foldable” and it is used in different content areas.  Teachers use Foldables to 

help students study terms/theorems so that they have the important information easily 

accessible.  The difference in her instruction from this lesson to a typical lesson on 

similarity prior to CCSSM was that the traditional notes were completed on this foldable 

instead of the regular lined paper.   

According to her descriptions of previous instruction, her practice on this lesson 

was not much different from what it looked with CA standards in terms of rigor and 

emphasis.  Using constructions she could have guided a discovery lesson on similarity. 

Susan also missed an opportunity to build conceptual understanding on similarity.  

A student asked her if those theorems were related to congruence.  She answered:   

Very good!  So [it] would be very easy to get confused about congruence 

and similarity?  Yes, so we are going to have to look at the context of the 

performance task [to know which to use] but for now, we know that we 
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are talking about similarity because that is what it says in our little flip 

chart.  So we are going to look at angle angle.   

 

Susan also indicated that constructions are presented differently in the CCSSM 

compared to the CA standards.  Prior to CCSSM, constructions were not an area of 

emphasis.  There were very few constructions that were found in the STAR testing, thus 

it was not considered a “key standard” and was skipped with the exception of a few basic 

constructions (copy angle, parallel lines, perpendiculars).  On the other hand, 

constructions with the CCSSM are the essence of key geometry concepts such as 

congruence, transformations, and similarity.  She mentioned how she covered basic 

constructions at the beginning of the school year and how she should have taught this 

topic: 

We did some really good things with constructions and I like what we did 

as a PLC.  We talked about it, we want to weave them even more in that 

first chapter when you're talking about a line, line segment, perpendicular 

bisector so it would've been more effective to have done the construction 

and then done theory after so the kids could’ve made a connection.  

[Students first] draw the perpendicular bisector and then now we are going 

to use the segment addition postulate to learn.  And, it makes more sense 

to learn [perpendicular bisector] because we cut [the segment] in half.  So 

I feel like those pieces could've been better matched.   

 

According to lessons aligned to the CCSSM that were provided by the district, 

like Susan stated, “if constructions are used to teach terms, then students are more likely 

to make connections because they are making meaning of the terms.”   

By attending a cohort meeting, Susan and her colleague realized how instruction 

should have taken place.  Susan said that the constructions should have been woven 

throughout the lesson.  “But we didn't know what we were doing because the 

performance task and everything was presented or given to us until after the fact.”   
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Discussion.  During the first stages of implementation, Susan was struggling with 

the enactment of CCSSM lessons.  Her classroom instruction was high on student-

centered activities but low on inquiry-based learning.  Susan’s students were given many 

opportunities to answer questions in class, they helped each other and asked questions, 

however the mathematical conversations that were happening were all mostly about 

procedures.  Susan was asking students about the procedure on solving proportions.  

Likewise, the similarity rules were taught as procedures.  Although, she believed in 

students constructing their own knowledge, during the lesson observation and interview 

there was limited evidence of enactment of that paradigm at least in geometry.   

Unlike Sam, her motivation to implement CCSSM was not intrinsic but was more 

an expectation from her principal that she was embracing the change because that was 

how students were being assessed and she wanted them to be successful. “The district 

changed the assessment, district mandate, admin came in and said this is what you're 

going to do.” In her practice, she was slowly making that transition and as a PLC they 

were helping and supporting each other.  Being able to collaborate both formally and 

informally with colleagues was helping her make sense of CCSSM and slowly changed 

her practice.  PLC and principal support were key factors that were influencing her 

transition to CCSSM.    

Susan had conflicting espoused and enacted ideas.  She said that she had always 

been a discovery-learning teacher, but I saw little to no evidence of that in the different 

data sources.  She was able to think of an example that was relevant to calculus but only 

because she had the “right mixture of students.”  She believed that discovery learning is 

risky and she was apprehensive because she believed her students were not ready. 
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Leslie’s Story:  It’s Not Okay to Experiment with Students’ Future.      

Leslie was also a mid-career teacher.  She had experience teaching Algebra 2, 

Finite Math and Calculus.  Her passion was Algebra 2 which she had been teaching for 

many years.  She was enthusiastic about her teaching and hoped to instill in her students 

the love of Algebra 2.  During the transitional year, her primary concern was about doing 

what was right for her students.   

Internal factors.  Leslie believed that mathematically proficient students are 

those who “use prior knowledge to attack a problem they have never seen and 

communicate their thinking process using mathematical terms.”  Leslie also believed that 

mathematics education should be about engaging students “because that would probably 

suck them in and give them a purpose and reason” to learn mathematics.  In addition, she 

discussed how she liked to help students make connections and take advantage of the 

teachable moments when students were asking questions that were unpredictable.  She 

felt it was important to “let... stuff flow as the class chooses.”  Leslie believed that 

teachers should allow students the opportunity to explore mathematics and that through 

questioning techniques, teachers can help students understand mathematics in depth.  

“When they have questions right then and there, I can address them and even try to help 

them to go further in the questioning.” 

In terms of the CCSSM, Leslie liked that the CCSSM was shifting the emphasis 

that has been placed in mathematics education from answering multiple-choice questions 

to answering open-ended questions.  Regarding the MPSs, Leslie stated that the MPSs 

have always been embedded in her practice.   
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Leslie was confused about the messages she was getting regarding the CCSSM.  

She volunteered to attend a professional event during the summer of 2013 to get ready for 

the 2013-2014 school year offered by the principal.  This is what Leslie said: 

I did go to an in-service to UCSD but I honestly don't know.  It was an in-

service for a week.  He gave us some problems to work on, but we really 

didn't look at the CCSSM Standards.  As a matter of fact, he told us that it 

was pretty much a work in progress.  So that's my understanding right now 

is that its not even complete.  And, if that is not true then I don’t know. 

The document the presenter was referring to was the framework and not the 

standards because the standards were published in 2010 but only a draft of the new 

California framework was available at the time of this study.   

External factors.  Her PLC was composed of mostly new teachers, a colleague 

who was involved with CCSSM in another district and herself.  She met with her PLC for 

45 minutes every other week to discuss Algebra 2.  Leslie stated, “in terms of CCSSM, I 

rely very heavily on my colleague.  On weekends, he has a position with another district.  

He works, I don't know the title of his position, but he does a lot of work on CCSSM 

materials for mathematics teachers.  He brings that back and shares it with us.”  During 

her PLC, Leslie explained that, “when we have the time during PLCs, little time we have, 

sometimes we'll try to look at the CCSSM standards.  What we have of them and look at 

what we have.  What we are doing is a lot like a guessing game” 

Leslie and her PLC created assessments aligned to the CCSSM.  However, the 

sample assessment that was collected during her interview was aligned to the California 

state standards.  She also shared lessons with her colleagues via email that she had 

created in the past and then her colleagues could change the lessons to what they thought 
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was more CCSSM aligned.  Other lessons that they had implemented were from those 

that her colleague had shared.  Leslie stated:  

We start the PLC altogether and then we work on the stuff that the 

administration told us to go over, sometimes an administrator will come to 

talk to us.  Whatever time we have left is the time we have together. There 

have been a few times when we have the whole time for us.  Most of the 

time is rare that we'll get the full hour.  So most of the time we really get is 

spent on writing assessments.  We all feel that's the most important part to 

do first. I think that's important before you start building lessons.  So I like 

to start with the assessments and if we need to modify the assessments 

later, at least we started with some kind of plan.  Beyond that we don't 

have a whole lot of time.  Most people teach more than one topic and so 

they alternate PLCs.  So one week I meet with [Algebra 2] and one week 

with Finite Math. 

 

Leslie stated her concern about how little time they had in her PLC and how the 

time was taken up by other events that were happening at her school: 

Our principal has taken more than half the rest of the PLCs to do WASC, 

even though WASC isn't until next year.  So we are going to hardly get 

any PLCs this year.  So we are not going to get much PLC time, but we 

are supposed to be working on CCSSM, I really don't know how that 

works because we can’t do it all at the same time.  And then we do a lot of 

emailing, Like I'll email stuff that I had before so I'll say hey let’s change 

this up, and modify. We always try to make things better so a lot of times 

we start with stuff that I had before.  We try to do the same activities but if 

the teachers want to try something they can, we don't all have to do the 

same worksheets, but we all agreed to do the same assessments.  And, we 

agreed that certain questions are untouchable and some teachers may add 

or move stuff in if they felt they got a little bit further, because no classes 

are the same.   

 

Because Leslie and her PLC did not have enough time to meet as a PLC, she had 

found other means to collaborate informally with her peers.  She stated, “I eat lunch often 

with teachers who teach the same course.”  She met informally on a weekly basis with 

her colleagues to discuss topics that otherwise they could not talk about during their PLC 
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including CCSSM implementation.  She stated that she also collaborated about strategies 

on how to teach lessons and implement activities aligned to CCSSM.   

Teacher practice-Algebra 2.  Leslie’s instruction was focused on student need.  

She had students switching back and forth between partner and group work.  Leslie was 

teaching students the complex number system during the observation.  Although she 

referred to the MPS occasionally, she did not use them to drive her instruction.  She 

asked students to look for patterns and to attend to accuracy as they were answering their 

assignment.  Leslie referred to the MPSs to discuss precision.  She wanted students to be 

precise about their answers. 

Students had opportunities to graph the imaginary numbers.  Leslie reviewed the 

meaning of imaginary numbers and asked for student input as she directed instruction.   

She made sure to stop, walk around, and encourage students to help each other.  Students 

had opportunities to ask questions, help each other, and have a class discussion.  Leslie 

was very adamant about students helping each other.  She repeated several times, “If I 

help you, then you help your partner.”  All the times when a student from a group asked 

for help, she would ask the student to ask his/her group first.  In addition, when she 

explained how she did something to a member of a group, she would ask them to explain 

the problem to the rest of the group.  As Leslie walked around the class, helping students 

with the practice problems, she stopped to go over with the class common mistakes that 

students were making. 

Discussion.  Leslie started the year implementing of CCSSM lessons.  However, 

as the year went on, she relied more on her old worksheets and assessments due to lack of 

time and other events taking priority at her school.  She commented: 
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At the beginning of the year, when we first introduced systems of 

equations, what we did, we gave them 5 graphs and then we gave them 

five stories that they had to match to the graph.  And well that was really 

cool instead starting with students graphing systems of equations. 

She remembered implementing a lesson that was discovery based and liking the 

results that she obtained.  Nevertheless, that was the exception and she had been using the 

curriculum that she had created over the years.   

Leslie believed in a student centered classroom and the importance of teaching 

mathematics with meaning.  She had a lot of experience teaching Algebra 2.  However, 

she was struggling making changes because she was not well informed about CCSSM.  

At the beginning of the school year she was mostly relying on her colleague but as the 

school year went on the time they had to collaborate diminished.  Towards the end of the 

second semester, the implementation of CCSSM became less of an area of focus.   

She was most concerned about doing a disservice to her students.  Leslie worried 

that the way the district was transitioning into CCSSM would affect her students’ chances 

of being prepared for college.  Leslie felt that it was unfair to experiment with the future 

of her students.  

Leslie made meaning with colleagues.  She took materials that she had created 

and then adapted them to CCSSM.  In her PLC, she created assessments and she shared 

all lessons via email that her colleagues had the option to modify and use.  Unlike the 

other four Phase Two participants, Leslie looked at the standards and then pulled out 

what she had created in the past.  She shared those materials with her PLC colleagues and 

made modifications on the assessments.  Teachers were allowed to change up to 20% of 

the test based on the needs of their students.   
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Leslie was leading her PLC in the way that she felt would be the best for students 

at her school.  In her mind, she did not have enough guidance to fully make the transition 

and did not want to risk doing something that would affect the future of her students.   
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CHAPTER VI:  MULTI-AGENT MODELS TO REPRESENT LEARNING 

In order to better understand how teachers make sense of reform, I constructed 

multi-agent computer simulation models using NetLogo (Wilensky, 1999).  NetLogo is a 

free simulation multi-agent computer application that has been developed by Uri 

Wilensky and colleagues and is being used to model teaching and learning in different 

content areas including learning and educational reform (Abrahamson & Wilensky, 2005; 

Abrahamson, Wilensky, & Levin, 2007; Blikstein, Abrahamson, & Wilensky, 2008, 

Levin & Datnow, 2012, Maroulis et al., 2010).  In this multi-mediator framework (Halter 

& Levin, 2013; Levin & Datnow, 2012), teacher’s beliefs, experience, informal 

collaboration, and Professional Learning Communities are related to the implementation 

of CCSSM.   

 

Figure 12:  Factors of a Multi-Agent Model to Study Implementation of Reform
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These factors are represented by orange circles and the outside context that 

situates each factor is represented by a world globe (see Figure 12).  For each factor, 

there is activity that is mediated by the outside context and other factors in the system.  

There could be a positive, negative, or no connection between two factors.  A green 

arrow indicates a positive connection and a red arrow with a bar at the end indicates a 

negative connection (see Figure 13). 

 

 

 

 

Figure 13:  Possible Connections Between Factors 

To access these models on the internet download and install the NetLogo 

application from https://ccl.northwestern.edu/netlogo/download.shtml.  Then click here, 

http://mmm.ucsd.edu/Common-Core-models.zip, to download all five models at once.   

Table 14 shows the description of the outside context that mediates each factor.   

Table 14:  Outside Context that Mediates Each Factor 

Factor Outside Context 

Teacher’s Beliefs Congruence with CCSSM 

Experience Teaching course and teaching practices 

Professional Learning Community Schedule, support from principal, 

collegiality 

Informal Collaboration Meeting frequency, topics of discussion 

 

 

Positive 

Negative   

https://ccl.northwestern.edu/netlogo/download.shtml
http://mmm.ucsd.edu/Common-Core-models.zip
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The activity level of each factor is indicated by the size of the circle and the 

intensity of the orange color, which is the result of the connections among factors and the 

impact from the outside context. 

The models that I created represent the learning of each teacher as they 

implemented CCSSM during the transitional period.  In the following model, the factors 

are external factors (PLC and informal collaboration) and internal factors (teacher’s 

beliefs and experience).  These factors can either excite, inhibit or have no impact on 

CCSSM implementation.  The connections between the different factors and the support 

from the context were determined from the data collected from the five participants in 

Phase Two. The following multi-agent models represent the learning of CCSSM of the 

five teachers as described by the stories in the previous chapter.  

Successful CCSSM Implementation and Significant Influence on other Teachers 

The first multi-agent model (shown in Figure 14) shows CCSSM implementation 

can be successful.  By successful, I mean that the teacher is interpreting CCSSM as 

intended by policy officials and making meaningful changes to their instruction as a 

result of this interpretation.  Evaluating the accuracy of the interpretation is not the goal 

of this study.  The goal is to learn about what teachers are learning about CCSSM and 

how that learning is affecting their practice.   

When teacher’s beliefs are in congruence with the philosophy of CCSSM, this 

factor (teacher’s beliefs) is fully supported by the outside context (indicated with a large 

globe). Similarly, when the teacher’s experience support changes aligned to the CCSSM, 

then experience is fully supported by the outside context.  Regarding collaboration (PLC 

and informal), the range of support from the outside context goes from none to full 
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support depending on the effectiveness of the collaboration in terms of CCSSM.  In the 

following model, each factor is supported by the outside context and the positive 

interactions among the different factors.  The model indicates successful CCSSM 

implementation.  Additionally, learning is distributed among other teachers involved in 

collaboration process.   

 

Figure 14:  Optimal Model of Implementation 
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Similar to the optimal model (see Figure 14) is the model that represents the 

situation of Eva who not only demonstrated successful transition into implementing 

CCSSM lessons but also positively influenced those around her (see Figure 15).  In her 

situation, four of six teachers were willing to learn about CCSSM and make changes to 

their practice.  One teacher resisted and one was slowly reflecting on her practice and 

making the transition.   

 

Figure 15:  Full CCSSM Implementation and Influence on Others:  A Model of Eva 

Eva talked about how teachers in her PLC created lessons using the mathematical 

practices and over time, their lessons were evolving to be more CCSSM aligned.  At first, 

teachers would start with the procedures and then present the concepts where she started 

with the concept first and then introduced the procedures necessary to solve the 

conceptual problem.    



100 

 

 

 

Part of the outside context of both the formal and informal collaboration is the 

support from the administrator.  Leaders have an impact on how teachers make sense of 

reform (Spillane and Thompson, 1997).  In Eva’s situation, her principal supported their 

learning of CCSSM and allowed them to have additional time for planning and 

collaborating.  Although she did not collaborated informally as frequently as Sam and 

Kevin, she was still able to make significant changes.   

Also, her formal implementation was only supported by 83% of the PLC 

members, not optimal, but still resulted in successful implementation because there was 

enough support in the rest of the system to create change.  Connecting that with a positive 

experience and teacher’s beliefs that correlate with CCSSM goals resulted in a system 

with successful CCSSM implementation.  Most importantly, Eva is not only making 

changes to her practice but she is also collaborating with other teachers in her PLC that is 

helping her make the transition.  Eva commented on how a teacher in her PLC mentioned 

the changes that are a result of the implementation of CCSSM: 

But myself and the other teacher who also wrote lesson four.  We both 

have [whiteboards], and I’ve heard her make comments like, "I'm having 

more fun teaching this year and its fun watching the kids working 

together.”  This is very new to her.  She's made comments like "I feel like 

I'm teaching better this year because our lessons are very focused.” 

 

This finding indicates that when teachers are situated in a context that supports 

their own learning and the learning of their peers, substantial changes that are aligned to 

the reform are likely to occur.  And, the belief system of those involved begins to change.   
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Successful CCSSM Implementation with Minor Influence of Those Around 

The following models (Figures 16 and 17) represent the cases of Kevin and Sam 

(respectively) who are both successful implementers of CCSSM lessons and whose 

informal collaboration is essential for their success in implementing CCSSM.  Both 

models show a tipping point of successful implementation even when there was a lack of 

or a negative connection from teacher’s beliefs to formal PLC. 

 

Figure 16:  Full CCSSM implementation:  A Model of Kevin 
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Figure 17:  Full CCSSM Implementation:  A Model of Sam 

Both Kevin and Sam spoke about meeting with colleagues almost every day to 

discuss CCSSM and create curriculum.  Although the relationship was different in terms 

of their formal PLC, the outcome was the same.  Sam as the PLC lead spoke about how 

he guided his colleagues to start incorporating tools like compasses early in the year.  On 

the other hand, Kevin did not even meet to discuss CCSSM with his PLC.  In both cases, 

the principal had a major influence on their lack of successful PLC implementation.  For 

Sam, the principal did not support Sam’s PLC and in fact he/she prevented what could 

had been a good influence on the rest of the PLC members to incorporate 

implementation.  If Sam and his colleague did not have to meet at the same time in 

different PLCs, together they could have helped each other and the rest of the geometry 

teachers make the transition.  On the other hand, Kevin had a good relationship with the 

principal who let him and his colleagues work on their own, separate from the rest of 
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their formal PLC which still resulted in no learning from peers who Kevin believes to be 

traditional and still teaching out of the textbook.   

This model of collaboration is less desirable because even though these teachers 

are making changes, they are only making changes in their practice and having an impact 

on the one or two colleagues that they are collaborating with who appear to be active 

learners of reform themselves and most likely would make changes anyways. 

The next two examples are of teachers who supported CCSSM but show none to 

minimal implementation.  The connections of their models resulted in different tipping 

points. 

Implementation:  Minimal to None 

Susan’s observation of her implementation resulted in very limited change in her 

practice (see Figure 18).  Part of the struggle was her lack of experience with teaching 

geometry, which negatively impacted her informal and formal collaboration with 

colleagues.  Additionally, despite the support from leadership that she received to plan 

and grade together with colleagues, her transition had a small impact in her practice.  In 

Susan’s case, her beliefs and passion about the positive changes that CCSSM will bring 

did not help her implementation.  Although her principal allowed the PLC team to work 

together they still did not know how to make changes to their practice mostly because 

they struggled with the conceptual development of the geometry concepts.   
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Figure 18:  Minimal CCSSM Implementation:  A Model of Susan 

Unlike Susan, Leslie had many years of experience teaching Algebra 2 but the 

outcome still resulted in no change in her instruction.  Part of the problem was the lack of 

PLC time and the limited collaboration among peers that mostly happened via email.  At 

the beginning of the school year, she seemed to be heading on the right direction but then 

her PLC time was displaced by WASC meetings, which became the priority at her 

school. Due to her lack of experience with CCSSM and lack of time to plan with her 

PLC, she opted to first design a test together.  Then members could add or take away up 

to 20% from the assessment as necessary.  Although she believed in the changes 

promised by CCSSM and she experienced lessons where students made substantial gains 

in conceptual understanding, I still found that her practice was very similar to the way 

that she taught prior to CCSSM implementation and that substantial changes were not 

made (see Figure 19).   
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Figure 19:  Minimal Implementation of CCSSM:  A Model of Leslie 

Discussion 

These multi-agent models are useful in understanding the relationship among the 

different factors as they are connected to each other.  These models also account for the 

outside context that situates each of the factors representing the complexity of teacher’s 

sensemaking.  The researcher was able to explore the connections among the different 

factors that affected the decisions that teachers made about changes to their practice. 

According to the models, the ideal situation will be when there are positive 

connections among the different factors and support from the outside context, like in 

Eva’s case.  This finding is not to say that Eva is not struggling with CCSSM 

implementation or that her interpretation is accurate.   

Another finding from these models is that Kevin and Sam both made changes to 

their practice even without functioning formal PLCs.  Their collaboration occurred 
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differently from Eva’s case.  Kevin and Sam mostly collaborated informally with 

colleagues who shared their beliefs.  However, their overall school impact was not as 

substantial for Kevin and Sam as in Eva’s case.   

The last finding from these models is that changing one of the factors might not 

always result in the desired outcome, for example, as was the case for Susan.  Even when 

the principal created a PLC that would work well together and provide them with 

additional collaboration, Susan’s practice changed minimally.    

The next chapter will be a cross analysis of the previous five cases where I will 

discuss in detail some of the similarities and differences among the five cases.
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CHAPTER VII:  CROSS-CASE ANALYSIS  

Chapter V was a summary of the within case analysis of Phase Two participants 

and Chapter VI further illustrated their learning using Multi-Agent Models.  This chapter 

is a summary of the cross-case analysis of the five Phase Two participants.  Using the 

various data sources, several themes emerged as similarities among the five participants 

and other themes emerged as key differences regarding their sensemaking of Common 

Core State Standards for Mathematics (CCSSM).   

Similarities Among the Five Participants 

There were key similarities among the five participants in terms of their practices 

and their beliefs. Three areas are related directly to their teaching practices.  First, the five 

teachers taught their lessons using student-centered instruction.  Second, student 

cooperative work was an essential component of their everyday practice.  The third 

similar aspect of their instruction was the low threat atmospheres of their classrooms.  

Fourth, none of the five felt ready for full implementation of CCSSM and fifth, they 

noted the lack of resources to implement at the level of rigor the original writers of the 

CCSSM had in mind.   

Student-centered instruction.  Student-centered teaching methods appear to 

have been part of all Phase Two participants’ repertoire of instructional practices prior to 

CCSSM implementation.  All five teachers seemed to hold beliefs on the importance of 

students’ involvement as active learners.  They wanted students to ask and answer 

questions and think how the new material relates to what they already know.  During the 

classroom observations, teachers roamed the classroom on a regular basis checking for 

student understanding.  Moreover, the student seating arrangement was not random.
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Four out of the five teachers (Sam, Kevin, Eva and Susan) had several years of 

experience arranging the classroom in a way that allowed them the freedom to roam the 

room quickly and to easily assign partners and groups.  These four teachers had carefully 

planned students’ seating arrangements.  They said that they changed students’ seats 

every grading period or as necessary.   

All five teachers had the same goal of making sure that students were learning and 

understanding the material that was being taught.  These teachers also promoted active 

student involvement in the learning process and welcomed comments and questions.  For 

instance, during one of Susan’s lessons, some students were confused about the diagram 

with two overlapping triangles and she redrew the diagram and labeled the relevant 

information (see Figure 20).  In order to assist her students with spatial reasoning 

difficulty, Susan color-coded the triangles and showed students how corresponding sides 

matched.  Color-coding is a strategy that helps students who are visual learners.  Susan 

continued with her lesson once students did not have any more questions about the 

diagram.  All teachers tried to address students’ concerns and questions prior to moving 

from one idea to the next.  Kevin even assisted a couple of students in their native 

language.   
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Figure 20:  Images of Similar Triangles 

Student collaborative work.  All teachers placed an emphasis on student 

collaboration due to their large class size.  They highlighted the importance of students 

working in groups or with a partner.  Leslie often repeated to the class, “If I help you, you 

help your partner.”  Likewise, when Eva explained something to the class, she 

encouraged students to help their partners and to take the initiative by asking if they 

needed help.  “Check with your partner!  Ask your partner, ‘Does that make sense to 

you?’” Kevin also asked students to help their peers: “If you see someone working harder 

than they should, tell them why they should not have to.”  Kevin was referring to a 

shortcut that students had to discover.  After walking around, he told the class, “Ask 

Carla and Ruben, they are both experts.  If you are not sure, ask them.”  As soon as he 

said that, a student approached them for help.   

Sam also relied on students helping each other:  “If you don’t remember how to 

draw angle bisectors, then you should ask the other members in the group for help.”  

Similarly, Susan had students working together:  “If you are done then turn to your 
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neighbor and see if you agree with them.”  She also shared that she does many think-pair-

share activities: 

Work on this for a minute, now turn to your partner, have a conversation 

and then we have a whole class discussion.  So I guess I do more of what 

is called think-pair-share.  Try it, talk to somebody, now we are going to 

discuss as a group.  And, it’s a lot of impromptu like that to get some 

talking. 

 

Likewise, Leslie used collaboration as part of her instruction.  “I put them in 

groups of four when they do explorations.”  She also asked students to help the rest of the 

group, after she explained something to one of them. 

Low threat environments.  All teachers had strategies for creating non-

threatening environments.  For example, in Eva’s classroom, she used a strategy to build 

a safe environment for students to ask questions.  She sent the message to students that if 

they were confused about something, it was not their fault.  After explaining a problem, 

she stopped and said, “Ask your partner, ‘Where did [Eva] confused you?’”  Those types 

of comments send messages to students that it is not their fault when they get confused or 

do not understand the lesson.  Furthermore, Eva called students’ mistakes “adjustments,” 

allowing students to safely share their work with the whole class.  She collected work 

from a few people and displayed them one at a time for the class.  She then asked 

everyone to check the work on the projector from an anonymous classmate.  The class 

was responsible for finding corrections (adjustments) that needed to be made.  

 Like Eva, Sam randomly chose the 4
th

 person from each group to represent the 

group’s work.  At the beginning of the activity, he asked students to help each other 

complete an assignment.  Then he spun a spinner where the arrow landed on number 

four.  He announced that he would come around the classroom in ten minutes to collect 
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the work from person number four representing the work from the group.  This strategy 

sends the message that if the problem is wrong, it is the group’s responsibility and not the 

individual’s.   

In Leslie’s class, making mistakes is not seen as something that they want to 

avoid.  For instance, Leslie said to the class, “I like for you to have the opportunity to 

learn from your mistakes.”  She was encouraging students to attempt the work even if 

they were not sure of the answer.  Likewise, Kevin told students that they need to trust 

their intuition.  He told students that “it’s okay to get things wrong.”  He also said that he 

would rather have students attempt problems and get them wrong than students who 

leave them blank because they are too afraid to try.  Susan only took answers from 

volunteers.  Moreover, her students were not afraid to ask for assistance even when 

everyone in the class appeared to be understanding the concepts.   

Concerned about improving their CCSSM implementation.  Although the five 

teachers focused on different areas of self-improvement as teachers, four of them 

mentioned some area that they need to improve.  Eva wanted to be better at teaching 

students how to think through problems on their own and to be able to solve procedures 

in context.  Eva stated: 

The goal is for me to teach them all things that will help them know how 

[they need] to think through problems.  [Behaviors] so that they are able to 

think through different problems on their own, which again, it’s a skill that 

I have not acquired and I don't know how long it will take me to acquire it.  

I need to figure out a way or a template that helps students relate the word 

problem to the procedure.  And, how is this mathematical procedure still 

tied to this problem in context?   

 

Sam wanted to get better at teaching students how to communicate orally.  He 

believed that students do not have the necessary skills to be effective communicators and 
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he felt that he needs help with strategies that deal with teaching language.  Sam 

commented: 

I know that what I have to be better at is really just focusing on, how can 

the kids better explain themselves?  Cause a lot of the times when I say, 

“Try it!”  They will end up with a mess of arcs and marks and they could 

be right but then you look at [the work] and they don’t even know what to 

say about it.   

Sam also thought that he needs more experience with teaching CCSSM to plan 

better lessons.  “Especially with all these lessons is like I know I have to teach in this 

type of way.  Give them a challenging task and see what they can do with it first.  Give 

them that opportunity.”  In Sam’s interview, he described the need to teach students how 

to be critical thinkers.  He was not sure how that should or could be done, but he viewed 

it as a necessity.  Sam explained, “How do we build critical thinkers?  We always say that 

we want to, but now we actually get a chance to think of how that happens.  It’s such a 

vague term but if they don’t think critically they won’t show us any understanding of this 

stuff.” 

Kevin worried about how to teach students to justify.  Kevin stated that with 

CCSSM implementation, students have to write their explanations which was difficult for 

Kevin to teach.  He said, “So getting them to use their words is difficult.  Originally, this 

year, we were planning on doing a lot more having students write about stuff, having 

students resay or rewrite and reword.  We have not done much with the Algebra group, 

but the intermediate algebra has gone very differently.  Kevin reflected, “I am not sure, I 

don’t have a good sense of [how to help students to write], I know people who say, ‘Well 

write sentence frames and sentence starters’ and I'm not implying that doesn’t work.  I'm 

not sure because I haven't forced myself to do it enough.” 
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Susan wanted to have more student interaction.  She stated that she wants to have 

more opportunities for students to do more talking.  She reflected: 

I need to do more of them talking.  When I'm evaluating my teaching, I 

need to have more situations where they're talking with each other and I'm 

not talking to them.  So, I think building more of think-pair-share 

component or some kind of partner work where they're having that 

conversation and then we're doing a whole class discussion. 

 

Frustration due to lack of resources and time.  The teachers felt overwhelmed 

with the lack of resources and time that they need to transition to CCSSM.  Lack of time 

has been an area of uneasiness for teachers even before the transition to CCSSM.  With 

so many unknowns, lack of materials and lack of time are major areas of concern for all 

five teachers.   

Due to Leslie’s fear of preparing students for college, she was struggling to let go 

of curriculum that she created using the California Framework for fear that her students 

would not have all the skills required by universities.  Apparently, Leslie attempted a few 

explorations (more that occurred at the beginning of the school year).  These lessons were 

shared by one of her colleagues who was involved with CCSSM.  Unfortunately, as I 

mentioned before, PLC time was taken away by her administration, leaving Leslie with 

only 40 minutes of PLC time every other week to meet and plan with her colleagues.  Her 

PLC instead used this time to create the assessment for whatever unit they would be 

teaching.  Lack of PLC time to discuss CCSSM and to collaboratively create lessons 

aligned to these new standards affected her implementation. 

Leslie also wished that she had more time to teach mathematics in depth.  She 

wanted more time to cover fractals, “I could have the time to actually have them do 
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fractal geometry graphs because that would probably suck them in and give them a 

purpose and reason for imaginary numbers existing.”   

Eva also felt that she needed to add more instructional time to the quadratics unit 

by including more graphing in order to solidify her students’ conceptual understanding.  

Eva wished she could “spend two months on [quadratics].”  She would have liked to get 

“to the point where the kids are creating the quadratic functions of a situation.  That 

would be the ideal goal, where kids are creating the quadratics to help answer a question 

or to make predictions.” 

Eva commented of the importance of having the time to interpret CCSSM with 

her colleagues.  “Basically having that time with each other is essential as a resource 

because, everybody is going to interpret these standards differently.  I think having the 

time to interpret them or try to interpret them [together in PLCs] is key.”  Eva wished 

they had more time to meet with their PLCs to also discuss the lessons and outcomes 

from the lessons.  Eva said: 

How can we change this for next year or for next time or for tomorrow?  

How can we assess better? What is a good assessment?  Basically having 

that time with each other is deep as a resource because everybody is 

going to interpret these standards differently.  I think having the time to 

interpret them or try to interpret them is key. 

 

Similarly, Susan highlighted the need to discuss the outcomes of the lessons with 

the rest of her PLC:   

We don't have that follow up of how it goes and how would you do it 

better next year.  That's the piece we're missing and that takes more time.  

But that's what we desperately need and that is what all teachers need.  If 

we are going to get this CCSSM launched and moving.  We need follow 

up time to discuss the [the outcomes] from the last lesson before we start 

planning the next one.  We don't have time to do that.   
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Susan also mentioned that the lack of resources and time to create them has 

caused enormous apprehension.   

I think it’s lack of materials, and this year as we are moving towards 

CCSSM we are not even using the textbook.  I'm not opposed to creating 

my own materials.  I rewrote the entire math analysis curriculum and 

everything.  I never used the book once, except for homework and as a 

reference.  In calculus, math analysis, and finite, I did my own curriculum.  

I did not use the teacher materials.  So I'm not opposed to [creating 

curriculum] and I'm still certainly willing to do that, but it takes a lot of 

time, and a lot of effort, and a lot of energy.  And, to take what we've 

already done and throw it out and now we are going to redo it.  The lack of 

materials makes me nervous.  I would feel more comfortable if I had good 

resources in my hand.  I'm not a good internet person.  I want it in my 

hand, in a big binder in my room.  I don't want to go Google it and find it.  

I'm not old, but old enough that I want it in a book.   

 

These sentiments are also related to the frustration she was feeling from working 

very hard on the constructions unit in Geometry that she will most likely not teach next 

year.  Susan reported, “It’s a shame because we worked so hard to figure these silly 

things out. Hours, I mean hours of stuff with constructions and now it’s all going to shift 

to Course One to some other person.”   

As far as Sam, he is concerned about the limited time that he has to attend to the 

individual needs of his students.  He stated:  

So every time I looked at her paper, I’m like, “Well it looks right but I 

don’t know what you’re doing.”  I don’t have time when I have those 

constructions things when I have 40 kids in class I can’t sit there and 

watch her get through this.  I have to attend to other people.  Some kids 

got [parallel lines constructions] right away, but there are some who are 

not used to all these different arcs and marks and are getting confused 

where to put them.  I will see that they get something close but it will not 

be parallel. The construction kind of looks right, but if I did not see them 

do it, then I don’t know what they are doing wrong.  I need to sit with 

every kid five minutes. 
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Constructions are an important shift in Geometry as a result of CCSSM.  With 

thirty-six students or more in Sam’s math classes, he found it difficult to provide the 

individual assistance to his students that he knows they need.  

Kevin appears to have the most conflicting sentiments about CCSSM due to time.  

On one hand, he found many conceptual gains in his students.  In particular, for 

conceptual understandings that he had not been able to scaffold in students’ learning prior 

to CCSSM, he was able to do for the first time in his career.  On the other hand, it took 

him too long to implement the unit and consequently he got four weeks behind in his 

Algebra class. 

Summary of Similar Characteristics 

These five supporters of reform have similar teaching strategies and goals in 

mind.  They all put students as the central component of their instruction.  They created 

low threat environments and were concerned about professional development that they 

needed in order to meet the needs of their students.  Their beliefs appeared to be in 

alignment with CCSSM goals.   

Differences Among the Five Participants 

There are three key differences among the five teachers’ sensemaking of reform.  

I found that teachers had different access to resources that helped them make sense of 

CCSSM.  Because not all teachers could access the same materials, their implementation 

differed.  The relationship that each teacher had with their principal affected their 

sensemaking of CCSSM.  Finally, teachers focused their attention to different aspects of 

CCSSM.    
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Lesson Planning.  Although all five teachers attended the district’s cohort 

meetings and all had attended some trainings regarding CCSSM.  Eva, Sam and Kevin, 

attended additional conferences and trainings about CCSSM compared to Susan and 

Leslie.  Eva, Sam and Kevin had more experience accessing the Mathematical Practice 

Standards and CCSSM through many of the websites that have lessons aligned to the 

CCSSM.  These three teachers had access to the primary sources.  In other words, they 

were interpreting CCSSM from the standards.  They were also creating curriculum by 

using online resources and then sharing the lessons with colleagues to adapt them. All 

lessons that I observed from these three teachers were new to their practice.  Figure 21 

models the process that Eva, Kevin and Sam went through when creating their lessons.     

 

Figure 21:  Cycle of Lesson Planning 

On the other hand, Susan and Leslie relied on colleagues to find and share 

CCSSM lessons with them.  They were learning about CCSSM from secondary sources.  

In Susan’s case, she was looking at lessons from other schools.  In the interview, she 

mentioned that due to time constraints, she did not have the time to go online to look 
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through resources.  Susan also mentioned that she was using more preformatted lessons 

because another colleague tended to use those for Algebra last year, but with CCSSM 

implementation, as a PLC they decided to include them in Geometry.   

Leslie relied on her colleague who was involved with CCSSM in another district.  

Her colleague shared more lessons and information about CCSSM at the beginning of the 

year than towards the end of the first semester when I conducted the study.  Teachers had 

less time to meet and discuss CCSSM changes.  Leslie was using the district’s document 

for teachers to plan curriculum and matching some of the resources from her own 

practice that she had collected over the years (see Figure 22). 

 

Figure 22:  Lesson Plan Model for Susan and Leslie 
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resources.  However, Leslie and Susan were using curriculum that was already created 

and they modified the lessons to make them CCSSM aligned.   

Leadership.  The five teachers had various levels of support from the principal at 

their school affecting their sensemaking.  Kevin and Eva had full support and trust from 

the principal who offered them pull out days and time to plan as needed.  Kevin’s 

principal trusted his judgment regarding the direction that his PLC was taking.  Kevin 

and his two colleagues were allowed to separate themselves and plan alone away from 

their PLC.  Kevin felt that meeting with colleagues other than the two in his PLC was a 

waste of his time.  The consequence of this decision was that other Algebra teachers were 

still relying on the former textbook to teach this course.     

Susan’s principal also offered her PLC additional planning time but appeared to 

show limited trust in his teachers.  He mandated the composition of the Geometry PLC 

and directed instruction to be aligned to the district performance assessments.  The result 

was that teachers were struggling with the experience of teaching Geometry and the 

conceptual development of this course.  Finally, Leslie and Sam had no support from 

their principals.  According to Leslie, CCSSM was a priority for the principal at the end 

of the 2012-2013 school year when she sent teachers to CCSSM training.  In 2013-2014, 

however, preparing for WASC took priority.  Her principal took away collaboration time, 

making it difficult for Leslie’s PLC to continue to discuss CCSSM lessons and activities.  

This lack of support negatively affected her sensemaking.   

Similarly, Sam did not feel supported by the principal.  He also did not meet on a 

regular basis in his PLC.  Teachers met in PLCs only once a month and if they taught 
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different classes then they selected one PLC to visit.  Unlike Leslie, he was implementing 

CCSSM and making changes to his practice.  

Principals influenced the time that teachers met in their PLCs and the importance 

given to CCSSM implementation.  Some teachers, like Sam, decided on their own to 

make changes to their instruction with or without support from their principal.  In 

particular, he felt that CCSSM is providing him with the opportunity to make the changes 

in his practice that he had been wanting to make for a long time.  Other teachers, like 

Susan, decided to make changes to their curriculum directed by the principal.  This 

finding indicates that the relationship that teachers had with the principal had very little 

or no impact on their willingness to make changes to their practice.  However, the 

structure of PLCs seemed to affect the sensemaking of teachers who did not meet as 

frequently in their PLCs.  According to Spillane and Thompson (1997), leadership in 

schools has an influence on the sensemaking process of teachers.   

Interpretation of CCSSM.  In Chapters V and VI, I discussed teachers’ 

interpretations of CCSSM based on their enactment.  In this section, I will discuss their 

espoused interpretation.  I compared the way teachers talked about the goals and purpose 

of CCSSM.  In particular, I wondered about the similarities or differences as these related 

to the specific course they taught.   

Kevin was the only Algebra teacher.  He viewed CCSSM as a balance of 

procedural and conceptual understanding.  He stated that CCSSM was about not only 

understanding concepts but also procedures, and that he tried to teach students the 

procedures with understanding.  In particular, he talked about the importance of teaching 

students mathematics by building up from one concept to the next:   
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I need to look at the documents about how an idea gets build up.  And even 

if I am not building on what I need to be building on, I need to start 

presenting the ideas in that way so that the year after they're a little bit 

ready for the next year. 

 

Kevin stated that he was in disagreement with some of his colleagues who think 

that by adding more applications to their instruction, they are teaching to the CCSSM.  

He stated: 

The worst thing teachers can do is just to say, “oh well, CCSSM means, 

I'm doing more application problems,” because it’s really NOT.  You can 

teach CCSSM with basically no applications.  I mean with no more 

applications than what we have now.  What we are supposed to have now. 

So I think if there is a thing to look for, it’s to look for novel questions.  

Questions that aren’t [just] a page of these things [procedural problems].   

 

Kevin also believed that CCSSM requires that students graduate with the 

capability of justifying their answers and making arguments based on evidence.  Kevin 

stated, 

But questions that don't have a single right answer, where you have to 

make an argument to convince someone of what the right answer is.  We 

knew that with CCSSM there is going to be a lot more justification.  Even 

if it’s not application there is going to be move away from just procedural 

understanding. There needs to be a better ability to talk about the math 

that's happening so we want to try to get kids started to be engaged with 

that and started to use these words in their math class.  More than they had 

in the past. 

Second, the Geometry teachers, Sam and Susan, had similar interpretations but 

different enactments.  They interpreted CCSSM as students making and discovering 

connections.  Susan mentioned that she believed in discovery learning.  Sam said: 

I think that CCSSM is about discovery, making connections and trying 

things.  If we don’t give them those opportunities, then none of that stuff 

will happen.  None of those connections in their brains will happen. They 

are just going to be copy machines like they have been for 10 years. 
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Although their interpretations were similar, their enactment was different. Sam’s 

enactment was a lesson of discovery learning and he mentioned other discovery type of 

lessons he had taught and would teach in the future.   

On the other hand, Susan did not reference any discovery lessons and in fact 

questioned her ability to successfully implement a discovery lesson in her Geometry 

classes.   

The Algebra Two teachers, Eva and Leslie, had different interpretations and 

enacted CCSSM lessons differently.  On one hand, Eva emphasized the importance of 

putting problems in context.  She gave priority to how students should be able to 

understand math in context and abstractly.  She mentioned, “I need to figure out a way or 

a template that helps students relate the word problem to the procedure and all along the 

way how is this mathematical procedure still tied to this problem in the context of the 

problem.”  Of all the five participants, Eva was the teacher who focused the most on 

adding applications to her practice.  Eva said:  

I definitely, the more I see the standards for CCSSM, the more I want to 

incorporate applications and have more tasks that require the students to 

use applications. Why is this useful? And, why did we learn this?  

Definitely, I would like to tie in applications with the graph, makes math 

more relevant with more applications and better flow. 

On the other hand, Leslie expressed no interest on presenting math in context nor 

did she mention applications even when she talked about a successful lesson at the 

beginning of the year when she reported, “I really feel that the only thing that's changed 

is the expectation of giving [students] something they’ve never seen before.  Something 

that incorporates more than one mathematical skill.”  In her mind, CCSSM is asking 

teachers to teach students all the skills that they need to solve new mathematics problems.   



123 

 

 

 

Except for Sam and Susan, all teachers had different interpretations of CCSSM, 

including teachers who taught the same course.  Despite, the congruence in Sam and 

Susan’s interpretation of CCSSM, their enactment was different.  The work of Spillane 

(2000) supports the finding that teachers interpret and implement reform differently.   

Challenges 

I will end this chapter by highlighting the key challenges that these teachers 

foresaw in the implementation of CCSSM. All of these concerns came from teacher 

leaders who believed that CCSSM would bring positive changes to education and who 

were attempting to make changes in their classrooms.  Two themes emerged from the 

data: challenges with students and challenges with teachers. 

Challenges with students.  Teachers are concerned that not all students are ready 

for the rigor that the CCSSM demands.  Sam stated, “Students have never been asked to 

think before like this.  It is hard to change these habits.”  Leslie too wondered if all 

students were ready for CCSSM’s rigor.  Leslie commented: 

It seems like that it’s really the expectation and I'm not sure how realistic 

of an expectation that is for all students. I think for middle to higher 

achieving students in mathematics and for the middle it will be a struggle 

I'm sure. But when you are talking about the United States and our 

philosophy of including all students, you are also talking about very, very 

low achieving students in mathematics who all of the sudden they have to 

think about these connections.  They are supposed to figure out that they 

should use this from over here and this from over here and put it together 

over here without having to help them.  It’s hard as a teacher because you 

want to help. 

 

Kevin experienced difficulty attempting to present a lesson from CCSSM.  He 

decided to use a lesson that was below grade level.  This was his concern: 

In order to talk about the idea of slope or rate of change the way the 

CCSSM does, we had to go back and touched on [fundamental] stuff. How 
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do you do that next year when you are getting kids who [are in] their first 

year through [CCSSM]? 

 

Eva also experienced challenges while implementing CCSSM in terms of all 

students being ready to engage in the conversations and discoveries embedded in the 

lesson.  Eva stated: 

I have students that can make those connections but they are few.  These 

are kids that have a strong number sense.  They can hear me say it once 

and they can run with it.  Those kids are going to be fine.  But the majority 

of them, I give them a word problem and they do it.  I give them the 

concept the regular algebraic version with no context and they look at me 

with blank stares and it’s hard to teach them to think to transfer what they 

learned from one problem to transfer it and adapt it to another problem. 

 

Susan she wondered if Geometry classes had what it took to implement a 

discovery lesson.  She stated: 

It worked really well because I have the right group of kids, in Geometry 

if I had attempted that, there would have been a riot in the room "what do 

you mean you aren't going to tell us what the rule is!" But the Calculus 

class has the right group of kids and I had the right sprinkling of kids who 

should had been in AP, but didn't fit in their schedule or they were 

intimidated or whatever.  But I have the right mix of kids to come up with 

the answer.   

The next few years will be a challenge for teachers because some students will not 

be ready to engage in the rigorous lessons aligned to CCSSM.  Also, as Kevin stated, 

“Especially since all of our kids are now well trained into looking for a process so they 

can do over and over and over again.”  Students will need not only need to learn skills 

and concepts necessary to be at grade level but also they will need to be taught new 

habits of mind to be ready for CCSSM.   
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Challenges with teachers.  The five participants were concerned that many 

teachers did not have the mathematical skills to teach CCSSM.  Sam believed that, “More 

content knowledge might be needed for a lot of teachers out there.”  Kevin stated, “We 

don’t have teachers who are good enough in math.” Susan mentioned that a “bigger shift 

than most people realize, it’s taking people that teach algebra, who don't have a full math 

credential to teach it.” She was referring to those teachers who had a supplemental 

authorization.  For Leslie, she was concerned about the high school teachers making the 

shift but also elementary and middle school teachers.  Leslie said: 

So it’s already hard to find competent teachers at high school level.  Now, 

imagine middle school level, elementary school level.  Now you are 

talking about needing teachers to understand enough and know math long 

enough to help kids make all these connections with harder mathematics.  

Well to do that you are going to have to attract some really good math 

people. 

Teachers were also concerned about shifting to an integrated curriculum.  CCSSM 

offered  two tracks for states to adopt, traditional (Algebra 1, Geometry, Algebra 2) or 

three integrated courses (CCSSMI, 2014).  Shortly after my interview, the district made 

the decision of adopting the integrated model.  With the exception of Leslie, the study 

participants were all very concerned about this decision.  Kevin mentioned that moving 

towards an “integrated classes, it’s a huge shift.”  Eva thought of all teachers “who have 

never taught or [taken] statistics.”  Eva further stated, “I mean I took statistics Math 101 

back in 1989 and that is the last time I saw it.  I never had to teach statistics.”  She was 

also concerned about “Algebra teachers who never liked teaching Geometry.”  An 

integrated curriculum requires all teachers to teach everything.  Susan believed teachers’ 
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credentials to teach courses beyond Algebra would be a challenge because the integrated 

model requires teachers to also teach Geometry in the first year.   
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CHAPTER VIII: CONCLUSION 

Summary of Study 

The goal of this study was to learn about the sensemaking processes of 

mathematics high school teachers who are facing educational reforms.  Learning about 

their sensemaking process of reform during the transitional phase of implementation 

provided insights about how their practice was affected.  The Common Core State 

Standards for Mathematics (CCSSM) will be implemented in California in 2014-2015.  

South County School District (SCSD) (a pseudonym) started the transition since 2012-

2013 making the implementation of lessons and quarterly assessments aligned to the 

CCSSM optional and eventually in 2013-2014 mandatory.  Using the sensemaking 

theoretical framework, I focused my attention on internal and external factors that 

affected the implementation of CCSSM lessons.  I designed a two-phase study to answer 

my research questions:  

1. How do internal and external factors affect teachers’ sensemaking of reform?  

2. How do teachers interpret, adapt, and enact district policy around the 

CCSSM? 

3. How do interactions among internal and external factors affect teacher 

leaders’ sensemaking of CCSSM? 

4. How do teacher leaders perceive their practice as being affected by the 

enactment of the CCSSM? 

The results of this study indicate that teachers’ beliefs, experience, and 

collaboration (formal and informal) played an important role in the sensemaking process 

affecting their teaching.  Collaboration was the most influential factor in affecting teacher 

sensemaking.  Teachers in the study stated that collaborating with colleagues helped them 

to understand CCSSM lessons, and some teachers used PLCs to learn about CCSSM the 

year prior to this study.  Furthermore, all of the teacher leaders with full to minimal 
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implementation in this study made changes to their practice as a result of collaborating 

with colleagues.   

Implications for the School District Being Studied and Education Policy 

Consistency across the district in the interpretation of CCSSM.  Teachers 

need to be aware of the three principles of CCSSM (focus, coherence, and rigor).  The 

five teachers from Phase Two of this study highlighted different aspects of CCSSM but 

none of them appeared to have a holistic understanding of all three principles.  As teacher 

leaders in schools leading change, they need to have a better understanding of the content 

standards.  In order to ensure consistency in the implementation of key areas from 

CCSSM across schools, district officials need to continue to train teacher leaders so that 

teachers across the district hear the same message. 

The results indicate that district and school leaders need to be aware of the 

possible disconnect in teachers’ beliefs about CCSSM and espoused CCSSM principles.  

In this study most teachers were confused about the CCSSM principle of rigor.  District 

and school leaders need to inform all teachers that rigor “requires that conceptual 

understanding, procedural skill and fluency, and application be approached with equal 

intensity” (California Department of Education, 2013, p. 9).  Teachers need to be aware 

that CCSSM is not just shifting from procedural understanding to conceptual 

understanding or from procedural understanding to applications but that CCSSM is 

focusing on a balance where all three components are equally important. 

Teach and practice Mathematical Practice Standards (MPS) in classrooms.  

The California Department of Education (CDE) recommends that the MPS be taught 

along with the content standards.  There needs to be an intentionality from teachers when 
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implementing the practices.  The results of this study indicate that the district and school 

leaders have a lot of work to do with teachers in terms of helping them implement the 

MPS.  This is especially true since only one of the five teacher leaders (Eva) said she 

used the MPS to plan her lessons.  In addition, there are teachers like Kevin and Leslie 

who said that the MPS are “good practices” that are already part of their instruction.  

Nevertheless, according to the CDE (2013), both the content standards and MPS should 

be seen as halves that need to “come together as a powerful whole” (p. 2), and should not 

be taught one without the other.    

Differentiated professional development should be offered based on teacher 

need.  In order for Professional Development (PD) to be successful, it needs to meet the 

needs of teachers.  For the forty-three teachers in this study, there are different needs for 

PD.  In order for PD to be effective, leaders need to offer individualized PD that provides 

teachers with new knowledge and skills applicable to their practice (Joyce & Showers, 

2002).  Based on the findings of my study, the district needs to provide PD on how to 

teach the MPS.  In particular, teachers were concerned about teaching students the 

“habits of mind” that will help students be better mathematicians (perseverance, 

reasoning, problem solvers and critical thinkers).  Teachers in this district also need PD 

on how to teach students to be more effective communicators.  Mathematics teachers feel 

uneasy about teaching students how to explain and justify their reasoning in writing and 

orally.  Furthermore, as indicated by many of the participants of this study, the district 

will not only have to continue to provide PD in content knowledge but also needs to 

integrate more purposefully the MPS.  There are also teachers like Susan who needed 

help with incorporating collaborative student work.  In particular, student collaboration in 
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the classroom allows students to not only receive assistance from peers but also to make 

viable arguments and share their understanding (Wood, Cobb, & Yackel, 1992).  And, 

even when teachers like Eva felt comfortable implementing collaboration in their 

classrooms, they might realize that students are mostly having conversations about 

procedures instead of concepts.  Finally, teachers need guidance on finding/designing and 

implementing meaningful tasks that provoke higher-level thinking.    

Continue to implement and improve Professional Learning Communities.   

PLCs need to continue to be implemented because effective formal collaboration helps 

teachers make sense of reform.  McLaughlin and Talbert (1993) stated that effective PD 

gives teachers opportunities to share effective practices, plan instruction, and provide 

feedback to each other after conducting peer observations.  PLCs across the district in 

this study have some of these components.  There is a lot of variation of meeting times 

and frequency across the district.  Consequently, PLCs in some schools appear to be more 

effective than in other schools.  It is important that the district and principals evaluate the 

effectiveness of their PLCs and make changes accordingly.   

All of the PLCs in this study were also lacking an important component.  

According to DuFour, DuFour and Eaker (2008), “Analyzing the impact of the changes 

to discover that was effective and what was not” (p. 17) is part of the PLC process.  This 

component is what the five teacher leaders in this study did not have enough time in their 

PLCs to fully incorporate.  In addition, leaders at schools should not consume PLC time 

for purposes other than lesson plan, discuss best practices, evaluate student work and plan 

interventions.   
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Informal collaboration played an important role in the CCSSM sensemaking 

process of the participants of this study.  Principals should plan PLCs composition with 

input from teacher leaders.  They need to consider how they structure their PLCs to 

ensure that the members can work together effectively.  If certain members already work 

together informally, then they should be part of the same PLC.   

Implementation of education policies.  In order for teachers to transition 

successfully into a new reform, sufficient resources need to be allocated to ensure a 

smooth implementation.  In this study, teachers needed PD in teaching the MPS and 

CCSSM effectively.  Collaboration was an important part of how teachers made sense of 

the new reform.  Part of introducing a new reform should account for best PD practices 

that will maximize teacher learning.   

Policy makers should acknowledge the length of time that it will take districts to 

fully implement changes of a new large-scale reform.  As found in this research study, 

teachers focused their attention to one or two key components of the reform but not all.  

As this district and the nation move into the implementation of CCSSM, it will be several 

years until we are able to see the changes in student achievement that are brought about 

as a result of the new reform.   

Implications for Future Research 

This study includes the voices of forty-three teachers (27% of the mathematics 

teachers) in one district providing overview information during the early stages of 

implementation.  The more in-depth information about the sensemaking experiences and 

understanding of CCSSM came from Phase Two participants (five teachers).  The results 

of this study are based mostly on teachers’ perceptions with only one snapshot 
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observation of the instruction of Phase Two participants.  A study with more observations 

of enactment at different times during the school year would provide a more 

comprehensive account for change in teachers’ practice. 

Also, the five teachers from Phase Two are all teacher leaders in the district and, 

as such, represent a group of individuals that have played an important role in reform 

implementation.  Other teachers might be dealing with other pressing issues, issues which 

might have been overlooked by this group of teacher leaders.  Studies that include 

representation from teachers that have different roles in schools would also add more to 

this field of research.  Additionally, collaboration was an important component in the 

sensemaking process of these leaders.  Studying collaboration in schools will provide a 

more comprehensive picture of the impact that collaboration has on enactment of reform.  

Learning from the perspectives of all members in a collaborative relationship and not just 

from the teacher leaders will inform principals and district personnel of the kind of 

collaboration that needs to be supported in order to meet the needs of all teachers.  

Finally, multi-agent models should continue to be used by researchers when 

modeling reform implementation.  Researchers should pursue using these models to 

investigate how teachers can conduct self-evaluations of teaching and learning in their 

practice.  Furthermore, these models can be used as snapshots of their teaching and 

learning over time.    

Final Thoughts 

I decided to investigate how teachers make sense of CCSSM as I struggle to 

implement this new reform myself.  CCSSM reform promises to change mathematics 

education in ways not seen before.  Opportunities for teacher collaboration and 
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differentiated professional development are key components for successful 

implementation of reform.  As people in the district try to make sense of CCSSM, other 

factors like lack of money and time will continue to be the roadblocks to successful 

reform implementation.  Despite these constraints, we have to continue to work together 

and capitalize on the factors like collaboration that make a difference on teacher practice 

in order to create change for the benefit of students’ education.   

In the process of completing this research study, I participated in the best PD of 

my career.  In conducting classroom observations of how teachers implemented CCSSM 

lessons, I learned about effective strategies from each of my colleagues.  Observations 

helped me value the diversity in teachers’ practice and confirm that our district has 

excellent teacher leaders who can train other teachers in the district.  I believe reaching 

perfection as a teacher is not realistic, but striving to achieve it is empowering. 
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     APPENDIX A:  TEACHER ONLINE SURVEY   

Teacher Sensemaking of Reform 

What is the highest level of formal education you have completed?  

 BA or BS 

 MA or MS 

 PhD or EdD 

What is your main area of study?  

 
While studying to obtain your bachelor's degree or equivalent, what was your major or main area of study?  

 
What is your gender?  

 Male 

 Female 

By the end of this school year, how many years will you have been teaching altogether?  

 
What high school do you work at?  

 
How often do you meet in your PLCs?  

 
How long are your PLC meetings?  

 
How often do you meet with colleagues to discuss and plan curriculum or teaching strategies outside of 

your PLC?  

 
In the last five years, what math courses have you taught? Check all that apply.  

 Algebra 

 Geometry 

 Intermediate Algebra 

 Pre-Calculus 

 Calculus 

 Other
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What classes do you currently teach? Check all that apply.  

 Algebra  

 Geometry 

 Intermediate Algebra 

 Pre-Calculus 

 Calculus 

 Other:  

In 2010, California adopted the new Common Core State Standards for Mathematics (CCSSM). What are 

your thoughts about the CCSSM?  

 
Strongly Disagree Disagree Agree Strongly Agree 

I foresee positive 

changes to 

mathematics 

education due to the 

CCSSM. 

    

I am looking 

forward to CCSSM 

implementation in 

2014.  

    

I think that I am not 

ready for full 

implementation of 

CCSSM. 

    

I discussed in my 

PLCs strategies on 

how to teach lessons 

aligned to CCSSM. 

    

I discussed with 

colleagues strategies 

on how to teach 

lessons aligned to 

CCSSM outside of 

PLCs.  

    

Talking with 

colleagues about 

lessons aligned to 

CCSSM (concept 

tasks) helps me 

better understand 

how to implement 

them in my classes.  

    

I have implemented 
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Strongly Disagree Disagree Agree Strongly Agree 

CCSSM lessons that 

have not been 

directed by the 

district. 

My instruction will 

look the same next 

year when my 

district implements 

CCSSM. 

    

Implementing 

Common Core 

lessons (concept 

tasks) has helped 

me understand 

better the Common 

Core standards. 

    

Last year, I felt 

comfortable 

teaching Common 

Core lessons 

(concept tasks). 

    

This year I feel 

better prepared than 

last year for the 

implementation of 

concept tasks. 

    

Teachers in my 

department support 

the CCSSM. 
    

I have made 

changes to my 

assessments due to 

the CCSSM. 

    

I have attended 

professional 

development on the 

CCSSM. 

    

Please complete the statement below:  

Mathematically proficient students  

 

What is the most important change that needs to happen in classrooms to improve mathematics education?  

 

 
 

What do you like the most about the CCSSM?  

What do you like the least about the CCSSM?  
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In your mathematics lesson, how often do you usually ask students to do the following?  

 
Never Almost Never Occasionally Frequently Always 

Explain the 

reasoning behind an 

idea 
     

Critique reasoning 

of others      

Compare and 

contrast different 

methods for solving 

problems 

     

Apply their 

knowledge to real 

world situations 
     

Work on problems 

for which there is 

no immediately 

obvious method of 

solution 

     

Practice 

computational skills      

Use graphing 

calculators       

Use geometric 

software      

Attend to precision 

by specifying units 

of measure 
     

Verify the 

reasonableness of 

their results 
     

Look for patterns 

and/or shortcuts      

Work together as a 

class with students 

responding to one 

another 

     

Work in pairs or 

small groups      

What do you think mathematics instruction will look like ten years from now? Why? 



 

138 

 

 

APPENDIX B:  TEACHER INTERVIEW QUESTIONS 

Hi My name is Laura Javier, I am a doctoral student at UCSD and a full time 

mathematics teacher in the district.  I want to thank you for letting me observe you class 

and agreeing to this interview.   

 

1. When teaching a lesson, we always hope that it goes as planned.  How do you think 

the lesson you taught aligned to your plan? 

-were there any surprises? 

-what needs to be different to make this lesson more successful? 

 

2.  As teachers, we learn strategies from different places and use them in the classroom as 

best  

as possible.  How did you decide on what strategies to incorporate for this lesson? 

-were there other teachers in your department we whom you discussed these strategies? 

 

3.  Last year when you taught this topic to your students, how did you teach it differently? 

-How will you teach it next year?  

-Can you think of a time when you used a different approach to teach this topic?   

-What prompted the change in your instruction? 

-How does this lesson compare to the typical lessons that you teach? 

 

4.  There are many ways to teach the same topic to students. 

-Describe the ideal instruction to teach this topic? 

-What is the ideal support that teachers need to effectively teach this topic? 

 

5.  As hard as we work, our teaching practice is never perfect. 

-What constraints keep you from teaching the ideal lesson? 

- How do you know when a student has mastered this topic? 

 

6.  According to district leaders, many changes are expected as a result of CCSSM 

adoption, particularly in mathematics education.  What is the most drastic change that you 

foresee? 

 

7.  Is there anything else you would like to share regarding teaching and learning 

mathematics?   
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