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Abstract 

 This effectiveness study explores the relationship between the use and adaptation of the 

Connected Mathematics Project instructional materials by middle grades teachers in an urban 

school district and their students achievement. All middle grades mathematics teachers in 

Newark, NJ Public Schools were surveyed using the Surveys of Enacted Curriculum and the 

CMP Implementation Survey. The 6th, 7th, and 8th grade students in these teachers’ first period 

classes completed the New Jersey Assessment of Knowledge and Skills for their grade.  Using 

hierarchical linear modeling with two levels, we found that both increased use and adaptation of 

the instructional materials were related to increased student achievement. Implications for further 

research on instructional materials implementation and the design and implementation of 

materials are discussed.  
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Impact of Teachers' Use of Standards-Based Instructional Materials on Students' 

Achievement in an Urban District: A Multilevel Analysis 

 Previous research has demonstrated that textbooks/instructional materials play a 

dominant role in defining the contours of mathematics instruction by teachers and students 

(Schmidt, 1997). Much of mathematics education reform in the US has used redesigned 

instructional materials as a primary vehicle for improvement of students’ mathematics learning. 

In the 1960s, the New Math era, focused on changing mathematics instruction by focusing on the 

structure of mathematical ideas as seen by mathematicians, was ushered in with the development 

of the School Mathematics Study Group, Unified Math, and other textbooks that embodied the 

ideals of that reform (Fey & Graeber, 2003). The mathematics education reforms in the 1990s 

and 2000s were driven by the Curriculum and Evaluation Standards for School Mathematics 

introduced by the National Council of Teachers of Mathematics (1989) and continued through 

revisions to the Standards (NCTM, 2000). During both of these periods, the National Science 

Foundation investment in the development of instructional materials to support a new vision of 

mathematics was substantial. Between 1990 and 2010 the National Science Foundation invested 

nearly $100 million to support the development (initial and revised versions) of K-12 

instructional materials in mathematics (Confrey & Stohl, 2004).  

However, connecting the use of particular instructional materials to student achievement 

has been difficult, in part because of the complexity of implementation of any instructional 

regime (Ball & Cohen, 1996; Post et al., 2008; Senk & Thompson, 2003; Tarr et al., 2008).In 

particular, the reforms associated with the NCTM Standards focused not just on curriculum but 

instruction with Standards focused on teaching (National Council of Teachers of Mathematics, 

1991; National Council of Teachers of Mathematics, 2007). In Principles and Standards for 
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School Mathematics (National Council of Teachers of Mathematics, 2000), the revision of the 

1989 standards, there is a Teaching Principle that describes a vision of Standards-based teaching 

that encourages discourse rich classroom environments where students are engaged in 

worthwhile mathematical tasks. This vision of teaching has not been (Hiebert et al., 2003; Stigler 

& Hiebert, 1999) the norm in most US classrooms (Hiebert et al., 2003; Stigler & Hiebert, 1999). 

In the National Research Council Study on evaluating the effectiveness of instructional 

materials, the study leaders call for more detailed study of the fidelity of implementation of 

instructional materials, noting this issue as a flaw in many of the published studies comparing 

curriculum materials (Confrey & Stohl, 2004). Subsequent researchers have identified 

difficulties with measuring fidelity of implementation (Chval, Chavez, Reys, & Tarr, 2009; 

Huntley, 2009)including lack of evidence of widespread use of instructional materials (Tarr et 

al., 2008) and noted the implications for practice in assuming fidelity of implementation is a 

goal(Chval et al., 2009). In particular, with the NCTM Standards-based materials, there is an 

assumption of a change in instructional practice, not just instructional materials use (Stein, 

Remillard, & Smith, 2007). This assumption adds complexity to the question of what is being 

implemented with fidelity, the instructional materials or the instructional practices or both (Tarr 

et al., 2008). 

While attempting to account for fidelity issues, Tarr and colleagues (Tarr et al., 2008) 

found that the use of Standards-based instructional practices outweighs the use of particular 

instructional materials. In their study comparing two sets of instructional materials developed 

with NSF support and commercially-developed texts, the greatest gains for students on 

assessments of conceptual understanding come when Standards-based practices are combined 

with Standards-based instructional materials. Tarr and colleagues used a composite measure of 



Instructional Materials Use and Adaptation 5 
 

teachers’ use of the materials drawn from observations of teachers, textbook use diaries and a 

record kept by the teachers using the table of contents of the lessons taught from the textbook. 

By weighting the relative importance of each of these areas, the researchers devised a single 

measure of textbook use and adaptation. Combining this index with a measure of the Standards-

based learning environment based on classroom observations of teachers, they modeled student 

achievement accounting for prior student achievement, student characteristics, and teacher 

characteristics. More faithful implementation of both the curriculum and instruction led to higher 

student achievement on a criterion-referenced measure of conceptual understanding, but no 

relationship on a traditional measure of mathematical knowledge that is both norm-referenced 

and likely less aligned with the content of the Standards-based materials. 

 Ross and colleagues (2003) took a different approach by surveying Canadian teachers 

using instructional materials designed to address the NCTM Standards. The survey focused on 

the teachers’ Standards-based instructional practices and the researchers selected for further 

study those teachers who were most committed to these practices as measured by this survey. 

Among this subset of teachers, the researchers explored their use of the adopted instructional 

materials and found great variety of use, adaptation, and non-use of the materials. However, their 

study did not relate these practices or instructional materials use to student achievement. 

We build on this work by unpacking levels of adaptations teachers make to instructional 

materials for use in their classrooms and the relationship to students’ learning as measured 

through state achievement tests. Thus, our research question is: What is the relationship between 

teachers' use and adaptation of Standards-based instructional materials and students' learning?  
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Theoretical Framework 

We draw on a modification of the Mathematical Task Framework to design our study. 

Figure 1 represents a chain from instructional materials to student learning modified from the 

work of Stein and her colleagues in the QUASAR project (Stein, Grover, & Henningsen, 1996). 

In this frame, instructional materials are viewed as a collection of tasks ordered to represent the 

textbook authors’ hypothetical learning trajectories for whom they perceive to be typical students 

to learn given mathematical topics. These rectangles represent the evolution of tasks as they 

move from instructional materials into enactment at various stages of planning and instruction. 

Teachers may modify or adapt the tasks described in the instructional materials in planning, task 

setup, or task implementation, and these modifications and adaptations can maintain or decrease 

the cognitive demand of the task (Stein, et al, 1996). The ovals describe various factors that 

might intervene on the modifications and adaptations, including teacher knowledge, district and 

school policies as represented in instructional realities, and the teachers’ goals, also mediated by 

district curriculum frameworks and state standards and assessments.  
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Figure 1 Theoretical and Analytical Framework of Teachers’ Instructional Materials Use 
(Modified from Stein, et al., 1996) 

 Thus, we take the view that the instructional materials represent cultural tools for teachers 

to use as they deem appropriate for their students’ learning needs. (Cole, 1996; Wertsch, 1985). 

Researchers (e.g., King, 2001; Remillard, 1999) have argued that the activity of the teacher is to 

improvise based on the mathematical goals of the lesson, the teacher’s knowledge of student 

learning of the topic, and the task or tasks chosen to help students learn (Simon & Tzur, 2004), 

using a lesson framework as the major constraints (e.g., time, classroom organization) within 

which teachers make moment to moment decisions about classroom interaction. As a cultural 

tool, the textbook is not an intervention itself, but a tool that teachers use to work with students 

to enact a lesson leading to student learning (Remillard, 2005). From this perspective, we seek to 

understand when teachers use and adapt this tool for their purposes, and the impact of this use 

and adaptation on the desired outcome, student learning of mathematics. 
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 In addition to teachers’ practice, other teacher qualifications have been related to student 

achievement. These qualifications include certification status and type and years of experience, 

especially in the early years of teaching (Clotfelter, Ladd, & Vigdor, 2007), which are proxies 

for teachers’ subject matter knowledge, knowledge of curriculum, students, tasks for teaching 

and the teachers’ instructional habits (Darling-Hammond & Center for the Study of Teaching 

and Policy (US), 1999). Another proxy for teachers’ knowledge associated with student 

achievement in mathematics is the teacher’s mathematical knowledge for teaching (Hill, Rowan, 

& Ball, 2005).  

At the same time, we recognize that the teacher is only one influence on students’ 

learning. While there have been significant debates about the teachers’ influence, research has 

found that student and family of origin characteristics are highly related to students’ achievement 

(Darling-Hammond & Center for the Study of Teaching and Policy (US), 1999). In particular, 

race/ethnicity, socio-economic status, English-Language learner status, and special education 

status have been consistently found to correlate with students’ achievement. While in the past, 

gender was considered a significant predictor of students’ mathematics achievement, recent 

meta-analyses of contemporary studies suggest that this group difference is no longer significant 

in most cases (Lindberg, Hyde, Petersen, & Linn, 2010).  

Methods and Data Collection  

Setting 

The Newark Public Schools (NPS) enroll over 42,000 students, thus placing the district in 

the group of 1.9% of school districts in the nation with enrollments above 25,000. These districts 

educate more than16 million students, 34.1% of the students enrolled in public schools in the US 

(NCES, 2007). The largest school district in New Jersey, NPS serves a diverse population: 
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approximately 59% are of African descent; 31% of Hispanic heritage; 8% percent white; and 1% 

percent Asian or other heritage. In 2007-2008 school year, 9% of students were classified 

English language learners and 14% received special education services. Seventy-seven percent 

(77%) of students are from families whose income qualifies them for free or reduced lunch 

programs and 40% enter or leave their school after the school year has begun. The district 

adopted the Connected Mathematics Project (CMP) instructional materials in 2002 as part of a 

National Science Foundation-funded Local Systemic Change  project to address the mathematics 

teaching and learning in kindergarten through grade eight (Heck, Banilower, Weiss, & 

Rosenberg, 2008). In the 2008-2009 school year, this district provided a mature implementation 

of CMP in an urban setting to allow us to understand how teachers use and adapt materials. The 

district had a curriculum pacing guide that communicated the intended units and lessons to be 

taught and in a specific order, which did not always correspond with the implementation 

guidance described by the textbook authors and publishers.  

Sample 

Teachers 

In the spring of 2009, a population sample of 159 teachers from 39 schools teaching 

mathematics to grades 6-8 students completed two surveys described below. The demographics 

for these teachers are provided in Table 1 below. These teachers included middle grades 

mathematics teachers, as well as 41 teachers of special education and 4 teachers of English 

Language Learner/Limited English Proficient (ELL/LEP) responsible for mathematics 

instruction in grades 6-8.  Teachers predominantly worked in K-8 or pre-K-8 school 

organizations.  
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Table 1 Teacher and Student Sample Demographics 

Level Variable N Mean 
(Standard 
Deviation) 

Min Max 

Student NJ ASK Mathematics 
Scale Score 2009 

2528 193.19 
(39.58) 

100 300 

 NJ ASK Mathematics 
Scale Score 2008 

2259 194.75 
(35.74) 

100 300 

Teacher/Classroom CCI 159 10.64 (18.49) 0 100 
 LMI 159 1.86 (0.53) 1 3 
 Classification Number of Students (%)   
 Special Education  584 (28.5%)   
 Limited English 

Proficient 
240 (10.6%)   

 White/Asian 334 (13.1%)   
 Black/African-

American 
1447 (56.7%)   

 Hispanic/Latino 739 (28.9%)   
 Other 34 (1.3%)   
 Classification Number of Teachers   
 Special Education 41   
 General Education 113   
 Other 5   

 

Students 

Students in the first-period classes of the participating teachers were the student 

participants in the study.  Based on class lists provided by teachers for their first period 

mathematics class, our data set includes individual student achievement scores and demographic 

data from the approximately 2500 students as reported in Table 1.  These scores are from the 

2008 and 2009 administrations of the New Jersey Assessment of Skills and Knowledge in 

mathematics and the scores and demographic data were drawn from the state data reports 

provided to NPS. 
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Data Collection 

Teachers completed the online surveys at a technology center of a local university near 

the school district. The dates for administering the surveys were scheduled on three separate 

school days to provide sufficient opportunity for all middle school mathematics teachers in the 

district to participate.1

The students took the New Jersey Assessment of Skills and Knowledge for their in grades 

6, 7, and 8 respectively under the standardized conditions outlined by the state of New Jersey (NJ 

State Department of Education, 2009) from April 28, 2009 to May 21, 2009 inclusive of make-

up dates. Teachers provided class lists of students in their first period class to the district 

mathematics supervisor. Using that list, the district mathematics coordinator compiled the 

students’ achievement and demographic data from the state achievement report provided to the 

district for 2008 and 2009 administrations  

 The district scheduled the survey administration during professional 

development days, allowing all teachers to participate.  During each session, we provided an 

orientation on the project, including information about the surveys followed by administration of 

the CMP Implementation Survey described below. We then conducted professional development 

focused on cognitive demand and instructional tasks to ensure teachers had a clear understanding 

of the cognitive demand categories used in the SEC. The teachers then completed the SEC 

survey. The online surveys and professional development took a total of three (3) hours to 

complete.  Teachers completed reflection sheets at the end of the sessions.  

Instruments 

                                                           
1 We are unable to ascertain the exact number of missing teachers, but estimate the number to be fewer than 25 
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 The teachers completed two on-line surveys administered during the spring of 2009: the 

Surveys of Enacted Curriculum (Instructional Practices [SEC-IP] and Instructional Content 

[SEC-IC]) (Council of Chief State School Officers & Wisconsin Center for Education Research, 

2008)and a project-developed survey of instructional materials use (Mitchell & King, 2010). 

Researchers have found teacher self-report surveys to be reliable and valid when asking teachers 

about specific practices and to quantify behaviors (Porter, 2002; Schmidt, 1995; Schmidt, 1997) 

rather than asking them questions about quality or that use terms that have differing meanings for 

teachers and researchers (Mayer, 1999). Thus, we chose surveys that asked specific questions 

that quantify behaviors as described below. We also designed survey data collection contexts 

embedded in professional development as previously described, which allowed us to define 

terms and build teachers’ knowledge about our meanings for particular terms. 

 Surveys of Enacted Curriculum. The SEC asks  questions about teacher characteristics 

and asks teachers to report on their instructional practices and instructional content for a target 

mathematics class (see www.seconline.org for copies of the surveys; (Porter, 2011).The data for 

this study are drawn only from the teacher characteristics sections which ask about the 

demographic characteristics of the teachers and information about their teaching assignment.  

Connected Math Project Implementation Survey. The project developed a CMP use 

survey that focused on understanding the ways in which teachers used each written lesson in the 

CMP text materials for students. Teachers were asked a series of questions about their use of the 

text materials, their experiences of professional development focused on CMP, their beliefs and 

those of their students’ parents and guardians about teaching with CMP, and the availability of 

resources needed to teach mathematics with CMP or other resources to supplement CMP. We 

asked teachers: 

http://www.seconline.org/�
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State how you use each CMP lesson within each CMP unit. The responses are (use 
without modification, use with adaptation, use as one of many resources, replace, does 
not use).  

 
The definitions of each of the types of use that were options are listed in Figure 2. Responses 

were for the lessons within the units. The lessons were organized by units to help teachers’ 

recall. Copies of the materials were available for teachers to review.  

 

Because the district’s curriculum pacing guide was not always aligned with the CMP unit order 

or grade to be taught as described by the textbook authors, we included all units and lessons that 

should have been taught as described by either the curriculum developers or the district 

curriculum pacing guide (Mitchell & King, 2010).  

To address validity of the survey, we conducted cognitive interviews with pilot 

participants who completed the survey to check for biased responses due to social pressures and 

To answer the following questions, use the following definitions of textbook use. 

• Use without modification – Follows the outline of the lesson as 
described in the teachers’ materials. No changes are made to the task 
and the structure of the lesson follows the Launch, Explore, Summarize 
routine described in the CMP materials. The goals and objectives of the 
lesson remain the same. 

• Use with adaptation – Follows the outline of the lesson as described in 
the teachers’ materials with changes made to the task, but not the 
structure of the lesson. The goals and objectives of the lesson remain 
the same. The structure of the lesson follows the Launch, Explore, 
Summarize routine described in the CMP materials, but the task is 
modified in one of several ways 

• Use as a one of many resources – Takes tasks from the materials but 
uses them to create own lesson with own lesson structure.  

• Replace – Does not use the materials but takes tasks or lessons from 
other materials to teach the goals and objectives of the lesson.  

• Does not use – Does not use any materials to teach the goals and 
objectives of the lesson. 

 

Figure 2 Definitions of Use and Adaptation 
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ensure teachers were using reliable ways of determining answers. Content validity of the survey 

was established through expert review by members of the project advisory board.  Empirical 

validity was assessed using the lesson ratings of a trained observer as the criterion measure.  

We determined concordance of observer ratings and the teachers’ self-reported data on 

the CMP survey regarding the same lesson. for four participating teachers.   We established 

criterion-related validity of the concurrent type and the results indicated that 60% of classroom 

observers’ descriptions were in exact agreement with the teachers’ view of implementation 

(SeeTable 1).  When there was not exact agreement, teachers under-reported their level of 

adaptation of the materials (6 out of 6 times), as compared to trained observer opinion.  This 

under-reporting suggests the CMP survey may not capture the full range of adaptation that may 

occur while using CMP. For more information on the CMP survey, see Phaire & Tobias (2010).   

Table 2 Teacher Survey/Observer Rating Agreement 

Teacher Day  Observer Observer 
Response to 

Lesson 

Teacher Survey 
Response to Lesson 

Agreement 

Ms. T 

1 

 

A Used 
w/adaptation 

Used w/adaptation Exact 
Agreement 

B Used 
w/adaptation 

Used w/adaptation Exact 
Agreement 

2 

 

A Used 
w/adaptation 

Used w/adaptation Exact 
Agreement 

B Used 
w/adaptation 

Used w/adaptation Exact 
Agreement 

Ms. L 1 
C Use without 

modification 
Use without 
modification 

Exact 
Agreement 
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  D Use without 
modification 

Use without 
modification 

Exact 
Agreement 

2 

 

C Used 
w/adaptation  

Use without 
modification 

Not  Exact 
Agreement 

D Used 
w/adaptation 

Use without 
modification 

Not  Exact 
Agreement 

Ms. G 

 

1 B Used 
w/adaptation 

Used w/adaptation Exact 
Agreement 

2 

 

B Replaced Used w/adaptation Not  Exact 
Agreement 

D Replaced Used w/adaptation Not  Exact 
Agreement 

Ms. M 

 

1 

 

E Use without 
modification 

Use without 
modification 

Exact 
Agreement 

F Use without 
modification 

Use without 
modification 

Exact 
Agreement 

2 

 

E Used 
w/adaptation 

Use without 
modification 

Not  Exact 
Agreement 

F Used 
w/adaptation 

Use without 
modification 

Not  Exact 
Agreement 

 

New Jersey Assessment of Skills and Knowledge (NJ ASK) 

The New Jersey Assessment of Skills and Knowledge (NJ ASK) is given to all students 

in grades 3-8 in the state of New Jersey in the spring of each year. The structure of the test, 

including the number of items by type is represented in Table 2.Raw scores scaled and equated 

to allow for comparisons across grades and from year to year (New Jersey Department of 
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Education, 2009). The scaled scores on all assessments range from 100 to 300 with proficiency 

levels set at 100-199 partially proficient, 200-249 proficient, and 250-300 advanced proficient.  

Table 3 NJ ASK 6-8 Item Types by Grade 

 Grade 6 Grade 7 Grade 8 

Item 
Count by 

Type  

MC  42 42 42 

SCR 8 (non-calculator) 10 10 

ECR  5 5 5 

# of sections  5 5 5 

Total raw score 

points possible 

(excluding field test 
items)  

50 52 52 

Approximate total 
testing time  120 min. 124 min. 133 min. 

MC - multiple choice, 1 raw score point 
SCR - short constructed response, 1 raw score point 
ECR – extended constructed response, 3 raw score points 

 

 In order to establish the validity of the NJASK as an outcome measure of achievement of 

the state mathematics content standards, we considered its content consistency (alignment) with 

the state content standards as well as the instructional materials.  The SEC content alignment 
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model was used to determine levels of alignment among the state content standards, the student 

achievement test, and the instructional materials.2

 The SEC alignment model produces an alignment index (AI) that falls in the range of 

0.00 to 1.00, the lower bound reflecting no alignment and the upper bound reflecting perfect 

alignment (Porter, 2011).  The AI index is most frequently used to examine alignment between 

content standards, assessments, and instruction.  Instructional materials are appropriate to include 

in the SEC alignment model given the common language that subtends the alignment analysis 

(Porter, 2002).   

  

 Under the auspices of the Wisconsin Center for Educational Research (WCER), trained 

content analysts experienced in SEC coding methods and procedures coded the content of the 

New Jersey state middle school mathematics standards, the 2009 NJASK in mathematics for 

grades 6, 7, and 8, and the Connected Mathematics Project 2 instructional materials.  Prior 

research has validated the SEC coding process with acceptable levels of inter-rater reliability 

(Porter, 2011); Porter, 2002; Porter, Polikoff, Zeidner,  & Smithson, 2008).   

 We used the national AI average of .24 for middle school mathematics assessments and 

content standards as a minimal benchmark for satisfactory levels of alignment. The national 

average of the AI index for middle school mathematics is based on the work of the SEC State 

Collaborative using data from participating states since 2002.  Although a minimal threshold of 

.25 is used as a national indicator of ‘good’ alignment  for K-12 mathematics and science 

(Smithson, 2009), the .24 national index is specific to middle school mathematics. While the 

                                                           
2 The Surveys of Enacted Curriculum (SEC) was developed through a collaborative effort of the Content 
Determinant Group at the Institute for Research on Teaching at Michigan State University, the Chief Council of 
State School Officers (CCSSO), and the Wisconsin Center for Education Research (WCER) (Porter, 2011). 
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national AI average does not address instructional materials, the alignment of state standards 

with instructional materials should be as well-aligned as, if not better than, the alignment of state 

assessments and standards. We base this assumption on the way in which state assessments are 

designed to capture only a limited portion of state content standards while instructional materials 

have much broader scope (J. Smithson, personal communication, March 25, 2010).  

 Table 3 summarizes the AI measures of the state test, content standards, and instructional 

materials at each grade level.  With all but one case, the alignment indices for middle school 

mathematics in our study exceed the national average benchmark of .24 and therefore reflect 

reasonable levels of alignment.   

Table 4 Alignment of NJ ASK to New Jersey Mathematics Standards and Instructional 
Materials 

NJASK 
2009 

State Mathematics 
Standards 

Connected Mathematics 2 
Instructional Materials 

Grade 6 .29 .21 
Grade 7 .30 .26 
Grade 8 .30 .25 

 
 The grade 6 AI for instructional materials and the state test is the only level that falls 

below the .24 national average but well within the .08 standard deviation of the national 

distribution  for middle school mathematics (WCER, personal communication, February 22, 

2010).    These alignment results demonstrate content consistency among the state test, state 

standards, and the instructional materials and therefore establish the NJASK as a valid outcome 

measure of achievement of state standards which are consistent with the CMP instructional 

materials.  
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Data Analysis 

Curriculum Enactment Indices 

To conduct our analysis on the levels of teacher textbook use by each teacher, we 

calculated for each teacher the percentage of all lessons that were taught in the five response 

categories: use without modification; use with adaptation; use as one of many resources; replace; 

and does not use. Thus, each teacher had a breakdown of percentages across the five categories 

based on the lessons aligned to their grade and edition of CMP. 

Two different curriculum enactment indices were derived from the teachers’ responses on 

the CMP questionnaire. To measure use of the materials, we created the curriculum coverage 

index (CCI) and to measure adaptation, we created the lesson modification index (LMI).  The 

CCI is a simple proportion of the CMP lessons that were not taught in some form during the 

year, derived by dividing the total “does not use” responses by the total lessons available for the 

given grade.  This measure captures the “opportunity to learn” as defined by the CMP 

instructional support materials (Lappan, Fey, Fitzgerald, Friel, & Phillips, 2004)and District 

Pacing Guide, independent of the ways in which teachers have adapted the CMP lessons.  A CCI 

score of zero means that the teacher has used all of the lessons in the classroom. Distribution of 

this index skews positive (Skewness=2.510, SE=.192), as a majority of teachers have managed to 

use most of the lessons in some form during the school year. 

The LMI, on the other hand, is a measure of adaptation of the lessons that were taught.  

The LMI  represents the extent to which the teacher has modified the lesson, expressed on a 

three-point scale where the low score represents all lessons as used without adaptation and the 

high score represents all lessons used as one of many resources.  
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𝐿𝑀𝐼 

=  
1(% 𝑢𝑠𝑒𝑑 𝑤𝑖𝑡ℎ𝑜𝑢𝑡 𝑚𝑜𝑑𝑖𝑓𝑖𝑐𝑎𝑡𝑖𝑜𝑛) + 2(% 𝑎𝑑𝑎𝑝𝑡𝑒𝑑) + 3( % 𝑢𝑠𝑒𝑑 𝑎𝑠 𝑜𝑛𝑒 𝑜𝑓 𝑚𝑎𝑛𝑦 𝑟𝑒𝑠𝑜𝑢𝑟𝑐𝑒𝑠)

total number of lessons –  number of lessons 𝑟𝑒𝑝𝑙𝑎𝑐𝑒𝑑 –  number of lessons 𝑛𝑜𝑡 𝑢𝑠𝑒𝑑
 

Based on the previous discussion of the CMP Implementation Survey validity and reliability, this 

transformation of teacher responses is monotonically increasing and an appropriate measure of 

the lesson adaptation in the context of our correlational model.  This composite measure was 

normally distributed (Skewness = 0.079, SE= .192) across the sample of all teachers. 

Analytic Sample  

To tie the students’ learning to instruction during the school year under study, we 

eliminated the teachers whose classrooms were primarily composed of students who arrived 

during the school year. We omitted seven teachers, and their 72 corresponding students, whose 

classrooms had more than 80% of students who joined the class roster during the school year. Of 

the 159 teachers who participated in the surveys, five teachers that could not be categorized as 

special or general education teachers were excluded from the analysis.  To eliminate the students 

for whom the 2008 or 2009 NJASK mathematics scale score was not reported, we conducted list 

wise deletion by including only those cases (students or teachers) that have data for the variables 

specified in the model. This process eliminated two additional teachers. The final number of 

teachers included in the sample is 145, with 2134 corresponding students. 

Demographics for the student and teacher sample used in analysis are presented in Table 

4. The mean student scale score would rate the student partially proficient in both 2008 

(M=195.73, SD=35.65) and 2009 (M=195.60, SD = 38.67), slightly higher than the scores 

reported in Table 1 for the total student sample.  
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Table 5 Teacher and Student Sample Descriptive Statistics 

Level Variable N Mean 
(Standard 
Deviation) 

Min Max 

Student NJ ASK Mathematics 
Scale Score 2009 

2134 195.60 
(38.67) 

100 300 

 NJ ASK Mathematics 
Scale Score 2008 

2134 195.73 
(35.65) 

100 300 

Teacher/Classroom CCI 145 9.59 (16.37) 0 100 
 LMI 145 1.84 (0.53) 1 3 
 Classification Number of Students   
 Special Education  469   
 Limited English 

Proficient 
85   

 White/Asian 277   
 Black/African-

American 
1174   

 Hispanic/Latino 683   
 Classification Number of Teachers   
 Special Education 35   
 General Education 110   

 

Model Development 

To address our research questions we examined the relationship between our two 

measures of curriculum enactment and student learning, while attempting to control for the 

relevant sources of variability in student and teacher characteristics and behavior. Hierarchical 

linear modeling (HLM) (Bryk & Raudenbush, 2002) was used to model the averages and 

variability of students’ 2009 math achievement while relating it to student and teacher variables. 

By using a two-level model, we were able to include both special education as a student 

classification and as a teacher qualification, a measure potentially reflective of teacher’s training 

and pedagogical approach, and estimate them independently. Limited English Proficiency (LEP) 

status was categorized dichotomously, where 4% (N=85) of students were reported as currently 
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or formerly enrolled in the district’s LEP program.  Student ethnicity was included in the 

analysis based on similar achievement scores and group size by the following categorization: 

White/Asian (N=277), Black (N=1174), and Hispanic (N=683). The middle grades students 

included in our sample were of an economically homogeneous population, with approximately 

90% of students receiving classified as Title I students. According to the NJ State Department of 

Education classification, “A Title I student is a student who lives in an eligible attendance area, 

who fits the criteria for selection to participate in the federal Title I program, and who is 

receiving federal Title I services” (NJDOE, 2009, p. A-6). Given this lack of variability in our 

socio-economic measure, we did not include this demographic in the analysis..Finally, as an 

additional teacher characteristic, we used years of experience. As years of experience is not 

consistently related to higher student achievement, we also included years of experience using 

the CMP instructional materials generally, and in the specific grade being taught as additional 

measures of teachers’ expertise.  

The final data analysis was carried out using HLM 6.08 (Raudenbush, Bryk, & Congdon, 

2009), by fitting the following two-level random coefficient model with intercept-as-outcome, 

student data specified on the first level (L1), and teacher data on the second level (L2). 

L1: Math Score 2009ij = β0j + β1j*(Math Score 2008)ij + β2j*(Special Ed Status)ij + β3j*(LEP 
Status)ij + β4j*(Black)ij +β5j*(Hispanic)ij+  rij (1) 

where Math Score 2009ij is the 2009 NJ ASK scale score for student i taught by teacher j, and rij 

is a random effect. At level 2, we began with  

 L2: β0j = γ00 + γ01*(LMI)j + γ02*(CCI)j + γ03*(Position)j + γ03*(Years of Experience)j + u0j(2a) 

and  

 βqj = γq0 for q=1, …, 5. (2b) 
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We included two other models at level 2 given teachers’ years of experience may not be an 

adequate measure of teacher expertise. An alternative considering teachers’ experience using 

CMP level 2 model is  

 L2: β0j = γ00 + γ01*(LMI)j + γ02*(CCI)j + γ03*(Position)j + γ03*(CMP Experience)j + u0j (3a) 

and  

 βqj = γq0 for q=1, …, 5. (3b) 

A final level 2 model considering teachers’ experience using CMP for the grade of the target 

class is 

 L2: β0j = γ00 + γ01*(LMI)j + γ02*(CCI)j + γ03*(Position)j + γ03*(CMP Experience in Grade)j + u0j(4a) 

and  

 βqj = γq0 for q=1, …, 5. (4b) 

Results 

Final estimates of the modeled effects are shown in Table 5. Estimates based on robust 

standard errors are reported, as they tend to be more accurate in samples with greater than 100 

level-2 units (Maas & Hox, 2005). In order to make the regression coefficients interpretable, 

some variables have been centered around their grand means - NJ ASK Math Score 2008 on the 

student level, LMI and Years of Experience on the teacher level. 

Table 6 Fixed Effects Estimates for 3 Models of 2009 NJ ASK Mathematics Scale Score 
with Robust Errors 

Fixed Effect Model 1 Model 2 Model 3 

Intercept 204.15 (2.41) 203.69 (2.43) 203.70 (2.43) 

Level 1    



Instructional Materials Use and Adaptation 24 
 

2008 Math Score 0.72** (0.03) 0.72** (0.03) 0.72** (0.03) 

Special Education -14.91** (2.30) -14.87** (2.29) -14.88** (2.29) 

LEP -0.66 (3.15) -0.82 (3.17) -0.87 (3.18) 

Black -4.24 (2.44) -3.88 (2.44) -3.89 (2.42) 

Latino -1.00 (2.05) -0.75 (2.06) -0.79 (2.04) 

Level 2    

LMI 3.81* (1.79) 3.97* (1.76) 3.84* (1.75) 

CCI -0.29**( 0.06) -0.29** (0.07) -0.28** (0.07) 

Special Education 0.36 (3.05) 0.93 (3.06) 0.74 (3.04) 

Years of Experience -0.02 (0.51)   

CMP Experience  0.95 (0.51)  

CMP Experience in 

Grade 

  1.05* (0.50) 

* p<0.05 
** p<0.01 

Under the present models, the predicted math achievement (the intercept,γ00) is equal to 

scaled score of 204 on the 2009 NJ-ASK , for a non-LEP, non-Special Ed, White or Asian 

student, with an average scale score in mathematics on the 2008 NJ ASK. The second level 

model predicts the 2009 NJ ASK mathematics scale scores of a classroom of such students, if 

they were taught by a general education teacher of average experience who has used all CMP 

lessons and was an average lesson adapter.  As Table 5 shows, consistent with prior research, 

higher previous mathematics achievement is a significant predictor of later mathematics 

achievement in all models. A student classified as special education predicts an almost 15 point 

decrease in 2009 mathematics scores while accounting for the 2008 score. Limited English 



Instructional Materials Use and Adaptation 25 
 

Proficiency status and student ethnicity (Black versus non-Black, Hispanic versus non-Hispanic) 

were not significant predictors of 2009 mathematics achievement in any of our models.  

At the teacher level, both LMI and CCI were statistically significant, while the teachers’ 

position -special versus general education - were not in any of our models.   In the case of CCI, 

the negative coefficient indicates that teachers who have covered more of the curriculum tend to 

be associated with higher classroom achievement. For example, an increase in curriculum 

coverage (i.e. decrease in CCI) of 10% would be associated with approximately a three point 

achievement gain. Thus, greater use of the CMP instructional materials is associated with higher 

student achievement in all of our models. The statistically significant coefficient for LMI 

indicates higher achievement when a teacher adapts more than average, with the students’ prior 

achievement and Special Education status held constant.  

The non-significant coefficient for teachers’ position indicates that there are no additional 

differences in average classroom mathematics achievement between the Special and General 

Education teachers, when the prior achievement and Special Education status are controlled for 

on the student level and LMI and CCI are controlled for on the teacher level.  The measure of 

years of teaching experience nor experience using CMP instructional materials generally were 

not shown to significantly contribute to predicting classroom achievement in our first two 

models. However, experience using CMP instructional materials in the grade the students were 

in was statistically significant, with an additional year of experience associated with an increase 

of 1 point in students’ 2009 mathematics achievement scores. 

In summary, teachers’ greater use of the CMP instructional materials is related to higher 

student achievement. However, in relationship to traditional measures of fidelity, where the 
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focus is on use without adaptation, our findings suggest that greater than average adaptation on 

the part of the teacher is related to increased achievement of students. In one of our models, 

teachers’ experience using the instructional materials in the targeted grade was associated with 

increased student achievement. No other teacher experience qualifications were significant 

predictors of student achievement when controlling for curriculum coverage and adaptation. 

Also, while prior achievement and special education classifications of students remained 

significant factors in predicting 2009 student achievement, race/ethnicity and LEP status did not.  

Limitations 

While we have attempted to account for certain aspects of our model as presented in 

Figure 1, there are others left unaddressed in our analysis. In particular, we do not account for 

teachers’ mathematical knowledge for teaching in our model by either measuring it specifically 

or considering various proxy measures for this knowledge including certification, degrees and 

course taking (Wayne & Youngs, 2003). The SEC asks questions about certifications and 

degrees, however, there was little variability in teacher qualifications of this type. In Table 7 we 

present the number of teachers by certification type. As the middle grades certification in New 

Jersey is an extension to the elementary certification, though teachers reported either elementary 

or middle grades certification, they had the same certification type. Thus, only 6 teachers (3.8%) 

had secondary mathematics certification, a proxy for mathematical and pedagogical content 

knowledge. Similarly, only 11 teachers (7.1%) of our teachers had a major in mathematics or 

mathematics education at either the undergraduate or Masters level.  

 
Table 7 Frequency of Teacher Certification Types 

Certification Type Frequency Percent 



Instructional Materials Use and Adaptation 27 
 

 Elementary 71 44.7 
Middle 75 47.2 
Secondary Math 6 3.8 
Total 152a 95.6 

a – we had 7 teachers not report a certification type 
 

As we did not measure mathematical or pedagogical content knowledge of teachers directly, we 

were not able to include these types of measures of teacher quality in our models and explore the 

relationship to student achievement. While we have some measures of course-taking, we are 

exploring ways to include these metrics that make sense for our theoretical framing and will 

address these issues in forthcoming papers. 

 Another limitation of our study is the lack of fine-grained data collection for teachers’ 

years of experience. Previous research has found that while there are gains in student learning 

associated with teachers’ experience, these gains are most pronounced in the early years of 

teaching (Clotfelter et al., 2007). Because our measure of teaching experience asked teachers to 

respond in ordered categories (e.g., <1 year, 1-2 years), our teaching experience measure may 

not have allowed us to sufficiently differentiate between the contributions of a first year teacher 

and a second year teacher to students’ achievement. However, given our results for years 

teaching with the CMP instructional materials, we may have produced the same general results 

for teaching experience with a better measure.  

Discussion 

 In response to the recommendations of the National Research Council to consider the 

fidelity of implementation of instructional materials when evaluating their effectiveness (Confrey 

& Stohl, 2004), we sought to understand the ways in which use and adaptation of a particular set 
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of middle grades instructional materials, the NSF-supported Connected Mathematics Project, 

impacted students’ mathematics achievement on a somewhat aligned but typical measure, a state 

assessment. We found that both increased use and increased adaptation were associated with 

increased student mathematics achievement while controlling for other student characteristics. 

These results contradict those found by Tarr and colleagues (2008) in their HLM study 

comparing two different types of instructional materials, NSF-supported and publisher-

developed. One reason for this difference may be in the measure of fidelity. O’Donnel (2008) 

identifies five criteria for measuring fidelity of implementation: 

(a) adherence—whether the components of the intervention are being delivered as 

designed; (b) duration—the number, length, or frequency of sessions implemented; (c) 

quality of delivery— the manner in which the implementer delivers the program using 

the techniques, processes, or methods prescribed; (d) participant responsiveness—the 

extent to which participants are engaged by and involved in the activities and content of 

the program; and (e) program differentiation—whether critical features that distinguish 

the program from the comparison condition are present or absent during implementation. 

(O’Donnell, 2008, p. 34) 

Mowbray (2003) further divides these criteria into two types of fidelity – fidelity to structure that 

includes adherence and duration, and fidelity to process that includes quality of delivery, 

participant responsiveness, and program differentiation.  

In our study, we created two separate measures of fidelity that focused on extent of use or 

adherence (CCI) and adaptation to local contexts of the materials, a quality of delivery measure 

(LMI) (Mowbray, Holter, Teague, & Bybee, 2003; O’Donnell, 2008). In contrast, Tarr and 
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colleagues used a composite measure that combined adherence and duration, therefore focused 

on the fidelity to structure of the materials. They had a second observation measure of quality of 

delivery focused on the fidelity to process. When considering the interaction, they found a 

statistically significant relationship between teachers’ use of NSF-supported materials and a 

Standards-based Learning Environment. Thus, their results suggest a combination of fidelity to 

structure and to process is associated with increased student achievement on a criterion-

referenced assessment. Our indices focus separately on elements of structure and process, and 

different elements than the Tarr research group, which may account for our differing results.  

Tarr’s research group also had a smaller sample at level 2 of their model (N=33), and 

may not have had sufficient power to detect significance had they separated their measures. It 

may also be the case that duration is a less important dimension of fidelity of implementation 

than adherence or quality of delivery. Our two research teams did not measure the same 

dimensions of fidelity of implementation, nor in the same way, though we used the SBLE 

instrument used by Tarr’s team to validate our use and adaptation measure. In this report, we also 

did not account for teachers’ instructional practices, another measure of quality of delivery or 

program differentiation. Future analyses will address these dimensions of fidelity.  

An extreme interpretation of our findings would be that the quality of a textbook is not 

important, it is the adaptations made by the teacher that are important. We do not take that 

stance. First, adaptation of strong materials is much less burdensome for teachers than creation of 

such materials. From our analysis of case studies undertaken as part of this project, teachers 

either revised the materials or supplemented with other materials, but did not create new tasks on 

their own. One can also interpret the findings about adaptation from the perspective of teacher 

planning. During planning, teachers may adapt and modify the lesson as presented in the text and 
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teaching materials based on their assessment of students’ current understanding and improve 

learning. Teachers’ thinking through lessons are likely to make adaptations that support better 

implementation of the tasks in the instructional materials than those who treat lessons as scripts 

to follow (Smith, Bill, & Hughes, 2008).  

Our results suggest that teachers with access to strong instructional materials and 

guidance can make appropriate decisions about use and adaptation that support their students’ 

learning. We need to conduct further analysis to differentiate between types of adaptations that 

are most profitable and the ways in which use and adaptation interact with instructional practice 

to support student learning. Additionally, as districts adopt new instructional materials and 

regimes, implementation strategies and monitoring should focus on both fidelity to structure and 

process. Finally, as textbook authors design and modify texts, they should consider guidance to 

districts and teachers that support implementation fidelity by providing sufficient description of 

both the structure and the process of implementation that allow them to make adaptations with 

program fidelity.  
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