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Abstract

Impact of a Mathematics Intervention on Achievenwrtrban Middle School Students.
Carrie Chiappetta, 2015: Applied Dissertation, N®aatheastern University, Abraham
S. Fischler School of Education. ERIC Descriptdtathematics, Professional
Development, Middle Schools, Urban Schools, Mathema#chievement

The problem addressed in this study was that itrveagssary to assess the efficacy of the
Connected Mathematics Project 2 that was implendantéve middle schools beginning
in 2008 to improve the students’ mathematics sKillee purpose of this study was to
determine the efficacy of the mathematics prograthasixth-, seventh-, and eighth-
grade levels using an ex post facto approach witinterrupted time-series design.

To compare the mathematics academic achievemeattaénts before and after
implementation of the intervention, pretest andtjess archival data from the state
mastery test were analyzed. A questionnaire comgbley the middle school mathematics
teachers was used to ascertain teachers’ perce@timut the new mathematics program,
how the program impacted students during the yesr of implementation, and
perceptions of the professional development teaafeeeived for this intervention.

The results show that implementation of the CoreteMathematics Project 2 improved
the overall mathematics achievement of studen@&rades 6, 7, and 8 on the state
standardized assessments. However, the year-tagy@ath of students’ performance on
the assessment did not improve significantly. Mdshe students in specific populations
in Grades 6, 7, and 8 also had improved achieverfernthermore, the achievement gaps
between White students and both African Americathlispanic students, as well as the
economic achievement gap between economically wisadged students and all
students, although still significant, were redudédwever, special education students in
Grade 7 and English-language learners in Gradesl B aid not experience
improvement. Teachers indicated that the professidevelopment they received
improved their practice, and they also believed shadents benefited from the
implementation of the intervention.
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Chapter 1: Introduction

Statement of the Problem

Thetopic. The topic of this dissertation involved the math&asaskills of
students. The acquisition of mathematics skills n@salways considered essential for
all people. In a classic work regarding the teagluihmathematics in the United States,
Cajori (1890) reported that there was little teaghof mathematics in the colonial period.
However, after the American Revolution, there wagharease in the number of schools
and in the teaching of mathematics (Cajori, 18@@hen (2003) claimed that, at this
time, there was a new emphasis on an educatedruoiyizand learning mathematics was
believed to be the way for citizens to have traimedds. Today, the acquisition of
mathematics is essential for all people, and thds® understand mathematics are able to
facilitate advances in medicine, technology, conumenavigation, defense, and finance
(Schoenfeld, 2004; U.S. Department of Educatio9820

In the past, those who have comprehended mathenatie helped civilizations
to understand past mishaps and predict imminergldpments. The National
Mathematics Advisory Panel (U.S. Department of Edion, 2008) stated that, for most
of the 20th century, the United States has hadwmpewable mathematical expertise. This
was attributed to the abundance and quality of era#tics specialists, engineers,
scientists, and financial leaders, as well as tathematical education received by the
general population. In addition, Schoenfeld (20@d)cated that access to and the
knowledge of mathematics has contributed to theabowbility of individuals. The
Partnership for 21st-Century Learning (2008) intidathat the importance of the study
of mathematics “can be found not only in its apiti help contribute to students’ college

and career readiness, but it can also help dewettypiduals as thought leaders who can



understand the world better because of their madtiesncapabilities” (p. 2). However,
members of the National Mathematics Advisory Paveehed that the United States will
not remain at the forefront during the 21st centuithout significant changes to
mathematics education.

Theresearch problem. The problem addressed in this study was that it was
necessary to assess the efficacy of a program imgpited to improve the mathematics
skills of middle school students in the target sdhbstrict. In the 2008-2009 school year,
concern regarding the mathematics skills of migdlgool students in the target school
district led educators to implement the prograrthanfive district middle schools with
the intent of improving students’ academic perfanogin mathematics.

As shown in Table 1, data from the Spring 2006jri§p2007, and Spring 2008
administrations of the fourth-generation Connedtiastery Test (CMT) in mathematics
for the five target middle schools in the distirdicated that there were only two
subgroups (i.e., Asian American and White) for vehawer 80% of students achieved at
the proficient level, Level 3, or above (ConnedtiState Department of Education,
2013). The CMT is a state test that was adminidtarmually to students in Grades 3 to 8
until the spring of 2013. According to Hayes (2QX0¢re are five levels at which
students are able to achieve for the CMT: advafioed exceptional content knowledge),
goal (i.e., extensive content knowledge), profitig®e., adequate content knowledge),
basic (i.e., partially developed content knowledgap below basic (i.e., limited content
knowledge).

Additionally, the data showed that there were malimcreases, and even
decreases, in mathematics achievement of someayixof students between 2006 and

2008. Assessment data prior to 2006 were not ceresichecause a different generation



of tests was initiated in 2006, and there was noetation between the scores or levels of
the third- and fourth-generation CMTs. Table 1 shitlwe percentage of students at the
five target schools achieving at the proficientelesr above on the CMT in mathematics
in 2006, 2007, and 2008. The information represtr@reintervention data for the

study.

Table 1

Percentage of Students Achieving Proficient or Abmv State Math Test, 2006-2008

Grade 6 Grade 7 Grade 8
Group 2006 2007 2008 2006 2007 2008 2006 2007 8200
African American 40.9 62.9 64.4 47.3 46.9 60.1 43.049.0 49.6
Hispanic 62.8 65.9 69.6 59.6 60.9 68.0 61.4 64.62.4
White 87.9 89.8 86.6 87.2 88.5 90.5 88.1 88.5 388.
Asian American 87.3 84.3 96.2 83.1 85.9 88.6 91.782.3 90.5
Free or reduced lunch 50.5 62.5 65.3 515 52.6 64.84.2 56.1 55.2
Special education 24.0 27.0 26.5 31.4 24.5 32.7 .033 345 235
ELL 43.3 38.6 447 40.0 34.2 50.5 41.0 46.3 35.3

Note ELL = English-language learner.

Background and justification. According to the U.S. Department of Education
(2013), the achievement gap is defined as theéidffce in academic performance
between ethnic groups” (para. 1). However, thedtati Center for Education Statistics
(2014a) presented a broader definition that stdiederm achievement gap refers to the
situation when “one group of students outperformatlaer group and the difference in
average scores for the two groups is statisticijgificant” (para. 1). In mathematics,
this gap exists between students of low socioecanstatus and ethnic minorities when
compared to those students who are White and Hotwo$ocioeconomic status.

A report from the Connecticut Commission on Eduoal Achievement (2010)

stated that, overall, students in Connecticut soelegively well on national tests. In fact,



Connecticut ranks among the top five states in bedlding and mathematics. However,
according to this same report, when compared teratates in the country, Connecticut
also had the largest achievement gap in both rgadid mathematics for students of low
socioeconomic status in the 2009 and 2011 Natides¢ssment of Education Progress
(National Center for Education Statistics, 201134, 1b, 2011c). Students are considered
to have a low-income status if they are eligiblegarticipation in the National School
Lunch Program (U.S. Department of Agriculture, Foaad Nutrition Service, 2012).
Under this program, students are provided withitiotrs free or low-cost breakfasts or
lunches. The income levels that determine studegib#ity are calculated by the
Secretary of Agriculture.

This large achievement gap in Connecticut is tfferdince in test scores in both
reading and mathematics for low-income public stktaalents when compared to those
of more affluent circumstances (Connecticut Comioissn Educational Achievement,
2010). Students in Grades 4 and 8 from low-incoamailfes are about three grade levels
behind in both reading and mathematics when cordgartheir peers who are not from
low-income families. Unfortunately, this gap dispootionately affects primarily African
American and Latino children (Causal, 2010; CongattCommission on Educational
Achievement, 2010; Hayes, 2010).

Moreover, according to the National Center for Edion Statistics (2011a), the
mathematics scores for students in Connecticutwére eligible for free or reduced-
price school meals in 2011 was not significantifedent from the 2003 score gap. The
Grade 8 mathematics scale scores of students &rarmicome families on the National
Assessment of Educational Progress were 34 pawsrlthan the scale scores in 2003

and 2011 of students who were not from low-incoamaifies. This gap was the largest in



the nation.

The achievement gap is not limited to the stat€arinecticut but is a crisis
nationwide (National Center for Education Statsti2013; Van der Bergh, Denessen,
Hornstra, Voeten, & Holland, 2010). Students whoenenrolled in schools in which
50% or more of the population received free or ceduunch (U.S. Department of
Agriculture, Food, and Nutrition Services, 201Xascored lower than the U.S. national
average in the Trends in International Math anei®m Study (National Center for
Education Statistics, 2014b). Scores from the ZD@8ds in International Math and
Science Study showed that African American and &hgpstudents in Grade 8 scored
lower than the average and also scored lower tindtional average for the United
States (National Center for Education Statisti€4d,4b). Comparing earlier reports to
data from the 2008 report showed that overall schesre improved for groups of
students, but the gap between subgroups has nataged (National Center for
Education Statistics, 2014b).

Scores from the 2011 National Assessment of EdutatiProgress show similar
results to the Trends in International Math anceeBce Study (National Center for
Education Statistics, 2013). These data show a28# difference in mathematics by
Grade 8 between students of low socioeconomicstatd ethnic minorities when
compared to those students who are White and dref tmwv socioeconomic status
(National Center for Education Statistics, 2013)isTirend is similar for all the years that
information on the National Assessment of Educaiérogress has been collected for
students who are eligible for free or reduced-pluceh. Nationally, data from 1996
through 2011 showed that there is, on averageaat b 26-point difference in

mathematics between Grade 8 students who areleligibfree or reduced-price lunch



and those who are not eligible (National CentetfHducation Statistics, 2014a). The
achievement gap exists internationally as well (danBergh et al., 2010). Studies on
the achievement of groups of ethnic minorities haeen conducted in countries such as
the Netherlands, Britain, China, New Zealand, Betgiand South Africa.
TheIntervention

Prior to 2008, there was not a systemic mathemaetio$culum for the five target
middle schools in the district. Each mathematiesher within each school was able to
choose which mathematical concepts to teach, at tivha of year, and what resources,
if any, to use to teach these concepts. Additignatiddle school students were
separated into four or five academic tracks basea score from the state test in reading.
This resulted in not all students learning gradesllenathematics content because the
students placed in the lower tracks were consideedulv grade level.

The National Staff Development Council (2005) coetedl an audit of the
mathematics and science curriculum, as well asepstbnal development in all the
schools in the district. The June 2005 report ifieatthe following challenges:

1. Evidence of the existence or use of Pre-K-1i2waetion, district-wide
curriculum in math and science is absent.

2. Instruction in math and science is predominawtiple group and didactic
rather than inquiry-based while the district tatgesmplementation of
differentiation and inquiry-based instruction.

3. Facilities, equipment, instructional resour@es] time to support math and
science instruction vary widely from school to schand among elementary,
middle school, and high school.

4. Variability in teacher content knowledge in mettatics and science impacts
the quality of instruction.

5. Students’ opportunity to learn is limited by gredominant practice of ability
grouping in mathematics.



6. Teachers want and need extensive, ongoing, @rapsive professional
development in math and science content and pegagog

7. Key staff development decision makers and grasgrs have shallow
knowledge about high-quality professional developme

8. The design of math and science professionallderent is primarily school-
or district-determined, provided by external expeaind depended on a turnkey
model to transfer knowledge to other staff for iempentation.

9. Availability of and use of student achievemeatiadat the classroom level is
nonexistent.

10. The district lacks a comprehensive plan foonmefin math and science
curriculum, instruction, assessment, and professidevelopment. (p. ii)

As a result of this audit, the school district iged a $15.3 million, 5-year
education grant in 2006 from the General Electaariélation’s Developing Futures in
Education program to improve mathematics and seiand a $10.3 million, 3-year
renewal grant to complete the mathematics and seiaork and begin literacy work.
The grant provided the necessary funds to impravdesit achievement in mathematics
and science. Because of this grant, money wasadl@ito pay middle school teachers to
participate in a committee to assist in the chapsiina mathematics curriculum, write
curriculum handbooks, and develop common, districke assessments. Most of the
funds went to providing intensive professional depment on the new curriculum.

The curriculum chosen for the five target middibaas in the district was the
Connected Mathematics Project 2 (CMP2). This ptojes developed by Michigan
State University (2014) with funding from the Nai#b Science Foundation. The goal of
CMP2 is to provide students with the skills and\kiealge necessary to reason and
communicate mathematically. To learn this programadle school mathematics teachers
in the five target middle schools in the distrieteived professional development and

support. In the first year of implementation, tearshwere provided with 42 hours of



training in both content and pedagogy. During #eoad year of implementation,
teachers were provided with 2 full days and 1 Half of classroom-embedded support
by a CMP2 consultant. The consultant modeled lessoewed lessons to provide
feedback, cotaught lessons with teachers, andged\specific examples of what
teachers should work on in order to teach the arogwith fidelity.

Deficienciesin the evidence. District administrators wanted to know if the CMP2
program is making a difference in students’ math@sachievement, and this had not
yet been determined. Researchers have indicateddbaators must make data-based
decisions regarding the instructional needs ofesttgl(Fuchs, Fuchs, & Compton, 2012;
Nelson, Slavit, & Deuel, 2012). Thus, the data carmg student academic progress
before and after implementation of the progransseatial to guide future educational
decisions. Also, a committee of business and pthitapic leaders formed by the state
governor stressed the importance of improving kilésf all students not achieving
proficiency reading and mathematics, as well ascieg the achievement gap between
students from low-income backgrounds and studehtsave not from low-income
backgrounds (Connecticut Commission on Educatiéchlevement, 2010).

Therefore, it is important to know if the intervemt of the CMP2 program is
achieving this goal. As noted by Martin, Brasielda urner (2012), the impact of
implementation of CMP2 is undetermined becausedesuthve shown mixed results.
Consequently, additional research is needed. litiaddEddy et al. (2008) suggested
that more studies are needed to determine if thgram can reduce the mathematics
achievement gap between Caucasian students arid etimority students. Likewise,
other researchers have supported the need fornesearch to determine the efficacy of

CMP2 (Cai et al., 2013; King et al., 2011; MoyeajGNVang, & Nie, 2011).



Audience. Teachers, building administrators, central offieesonnel, members
on the board of education, and community membetisanarget district will be
interested in the findings from this study in ortiedetermine if the intervention should
be continued or not. Educators and administratocthier districts in the United States
and in other countries in which there is an achieset gap would also be interested in
the findings so that the study could be replicéteitheir area. In addition, educators in
colleges and universities who prepare teachersadmdnistrators may be interested in
the findings in order to improve the preparatiompdservice teachers and administrators.

Setting. The target urban school district is located ingbethwestern part of the
state. According to the U.S. Census Bureau (20f8)estimated population for this city
is 122,643. Within this urban district, there ateelementary schools, one school serving
students in kindergarten through Grade 8, five meiddhools, and three high schools. In
the 2013-2014 school year, there were 16,100 stsdiethe district, and the population
was 22% African American, 30% Hispanic, 41% Whated 7% Asian American.
Students who are not fluent in English make up D5%e school’s population, and 41%
of students are eligible for free or reduced-pnuals (U.S. Department of Agriculture,
Food, and Nutrition Service, 2012). In addition, 8%students receive special education
services.

Role of researcher. The role of the researcher has changed since itraion of
the mathematics intervention in 2008. From Aug@&i72to October 2010, the researcher
was a teacher on special assignment for secondattyematics and, therefore, planned
and monitored the intervention. The researcheratstied closely with the middle
school mathematics teachers, the director for madiies and science, and the middle

school mathematics coaches. From November 201@y®011, the researcher became
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an administrator with continuing responsibility forddle school mathematics. In August
2011, the researcher became the director for mattiesrand science. Hence, she is
responsible for all grade spans and all work assediwith these two academic areas.
Later in July 2013, the researcher became thetdirémr school improvement and
professional development for secondary schools (heldle and high schools) in the
district.

Definition of Terms

For the purpose of this applied dissertation, tileWing terms are defined.

Achievement gap. This term refers to the difference in academitgeeance
between ethnic groups (Beecher & Sweeney, 2008kiB& Noguera, 2011; U.S.
Department of Education, 2013).

Common cor e state standards. This term refers to standards that were developed
under the guidance of members of National GoverAssbciation Center for Best
Practices and the Council of Chief State Schooicéxr$ to “ensure that students make
progress each year and graduate from high schepbped to succeed in college, career,
and life” (Common Core State Standards InitiatR@14, p. 1). The standards in English-
language arts, literacy, and mathematics have aéepted by 43 states and Washington
D.C.

Connecticut Mastery Test (CMT). This term refers to the state test completed
annually by students in Grades 3 through 8 in nmattiees and reading. The test in
science is completed in Grades 5 and 8.

Connected M athematics Project 2 (CMP2). This term refers to a middle school
mathematics program created by researchers at éictstate University and funded by

the National Science Foundation. The program empémsonceptual understanding of
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mathematics.

Constructivist mathematicsinstruction and reform approach. This term refers
to a way of instructing mathematics that is basethe belief that mathematical
principles are better learned in the context ofiegl real-life problems through student-
directed activities (Agodini, Deke, Atkins-Burndttarris, & Murphy, 2008).

National Science Foundation. This term refers to a federal agency whose
mission includes “support for all fields of fundamt@ science and engineering, except
for medical sciences” (National Science Foundatifi,3, para. 1)The foundation has
funded research and development of mathematiceglum as part of the national
mathematics reform efforts.

Smarter Balanced assessments. This term refers to assessmeaitgned with the
common core state standards that have been deddbygbe Smarter Balanced
Assessment Consortium (2014a, 2014b) to assesgivement of students in Grades
3 to 8 and Grade 11. Summative assessments amtalgtiterim assessments were
being used by participating states in the 2014-Z&hool year.

Standar ds-based mathematicsinstruction. This term refers to mathematics
instruction based on the principles and standamdsdhool mathematics that were
developed by the National Council of Teachers ofidmatics (2000).

Traditional mathematicsinstruction. This term refers to a way of instructing
mathematics that is based on the belief that amldvill develop a strong understanding
of mathematical principles by first being taughttg&aand procedures and then applying
those skills to solve real-life problems (Agodihiag, 2008).

Purpose of the Study

The purpose of this study was to determine theafi of CMP2at the sixth-,
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seventh-, and eighth-grade levels using an exfpo&i approach with an interrupted
time-series design. Retrospective data were usaddertain if the new mathematics
curriculum impacted the mathematics achievemestuafents on the state standardized
assessments school years when compared to thd yelao® before implementation of
the program. The 2013-2014 assessment data habe@otncluded in this research
because for that school year, the state departofiexatucation allowed school districts to
administer an alternative assessment rather tlea@RhT, which had been used in
previous years.

The target school district administrators chosadminister a new assessment
aligned to the common core state standards. Becthissassessment was a field test of
the Smarter Balanced assessment (Smarter Balarsssg#ment Consortium, 2014a) to
provide information regarding quality assurancéje@ement standards, and test
administration, no data for student performanceathematics were provided to district
schools. In the 2014-2015 school year, the SmBdtnced assessment would be
administered across the state, and data woulddweded to the school district on student

achievement.
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Chapter 2: Literature Review
Introduction

The purpose of this study was to determine efficc@MP2at the sixth-,
seventh-, and eighth-grade levels using an exfpo&i approach with an interrupted
time-series design. The relevant topics discusséiis review of the literature include a
brief history of mathematics education, the achieset gap in mathematics, professional
development to support mathematics, research on &@MFCMP2 research, and the
CMP2 theoretical framework. The research questwasalso included.

A Brief History of Mathematics Education

Throughout the last few centuries, there has bedgbate about who should learn
mathematics and about the mathematical contenstiwatid be learned (Schoenfeld,
2004). In the 1800s, arithmetic skills beyond addiand subtraction were not needed
for the majority of the population. In fact, aritetic was sometimes called a “mere
tradesman’s subject” (Cohen, 2003, p. 45), anctlite class barely studied mathematics
at all. It was not until after the American Revabut that there was a new emphasis
placed on an educated citizenry and mathematicsees as the way to ensure this
(Cohen, 2003).

In the early part of the 20th century, mass edanatferred to an elementary
school education (Schoenfeld, 2004). However, tiraber of students in high school
and taking higher level mathematics courses gradinmreased (Garrett & Davis, 2003).
This growth included students from a variety ofkgrounds, interests, and abilities,
many of whom would have not considered attendig@ chool in previous generations
(Garrett & Davis, 2003). Because of this diversihgthematics educators were

concerned that the college-preparatory mathemedicgculum was not meeting the
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needs of the students. There were discussions abauto adjust instruction and the
school curriculum because both of these seemeghte she few students of the highest
abilities (Garrett & Davis, 2003).

It was determined during World War 1l that armiesrevnot well prepared
mathematically (Moch, 2011). Many army recruitkieat basic skills needed for
bookkeeping and gunnery, and the U.S. Army haddweige basic skills in mathematics;
this was the same situation for the U.S. Navy (iKI€007). Admiral Chester W. Nimitz
stated that it was enormously difficult to findio#r candidates for the Navy with the
required mathematical abilities and that more #@% of those who applied for entry
into the Naval Reserves Training Corps failed #tguired mathematics test (Garrett &
Davis, 2003). In addition, the lack of mathemaknewledge was the reason that 3,000
of the 8,000 college graduates who applied to athgal officer commissioning
programs failed and was the reason for 75% ofdHerés in navigation courses (Garrett
& Davis, 2003). This lack of mathematics skills tbose in the armed forces helped raise
the importance of mathematics education, evenwig just during wartime (Garrett &
Davis, 2003).

After World War II, the mathematics curriculum athe way it was taught did not
change and was based primarily on memorizatioaasfand building students’ skills in
computation (Moch, 2011). Moch (2011) reported,thating the 1950s, students were
not interested in science and mathematics, thécalum for these areas seemed
obsolete, and teachers were unprepared to teash tberses. However, when the Soviet
Union launched Sputnik, an unmanned satellite B1719%.S. educators began to rethink
education priorities and what were essential fergiirvival of the country. According to

Moch, the “launching of Sputnik provided the impsefar the funding to thrust
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mathematics reform to the forefront of educatiqn”166).

Because of the threat of the Soviet Union’s spaogrpm and Sputnik, there was
an examination of mathematics, science, and teoggaducation in the United States
(Fey & Graeber, 2003; Payne, 2003; Stotsky, 200¢. mid-1950s began a period in
mathematics education when a new curriculum wasipted (Fey & Graeber, 2003;
Stotsky, 2007). The reform for mathematics spre&lthe elementary and junior high
school grades, and there was a call for the cuuncat these levels to have richer
mathematical content that would emphasize studentdrstanding of the fundamental
structures for mathematical concepts and proceduireschallenge was ensuring that
teachers at these levels could teach this conteyt & Graeber, 2003).

The late 1950s and 1960s were said to be the “galdeade for mathematics
education” (Payne, 2003, p. 575). It was during thme that there was an unprecedented
amount of money from the federal government dedct&d mathematics education. The
reform effort brought the need for teacher trairtmghe forefront. According to Payne
(2003), the National Science Foundation providedentiban $28.5 million for
curriculum revisions and $15 million for teacheiting, and the Office of Education
also provided funding for mathematics and scienteation (Payne, 2003). It was also
at this time that the National Council of TeacharMathematics became an important
provider of professional development for teachBisyfe, 2003).

In September 1959, a 10-day meeting of 35 scisnssholars, and educators was
called by the National Academies of Sciences (Brut@60). The goal of this committee
was to understand how to teach science to stud@niser (1960) stated that this marked
the beginning of a view of mathematics that focusegroblem solving, discovery,

generalization, and the development of a compla&erstanding of mathematical
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processes. Bruner asserted that there needecdatgrieat understanding of mathematics
so that one can apply it and use it. Bruner’s mgitsupported the era of mathematics that
was called th@eew mathduring the 1960s (Fey & Graeber, 2003).

During this time, the way of teaching mathematies wupported by research on
the intellectual development of children and one®y theory. This period emphasized
concepts and logical reasoning, developmental tbgof learning, and the engagement
of students in their own learning to discover mathgcs. The pedagogical approach
during this time was on students discovering mattas through classroom activities
that involved the use of manipulatives for youngfeidents (Fey & Graeber, 2003).
Bruner (1960) suggested that blocks, Cuisenairs, rtarts, and models could help
students learn mathematics. This type of learnesgreed be aligned with the
psychological theories that concentrated on theomapce of students being engaged in
their own learning, but many mathematics educdtarsd that it was difficult to foster
this engagement every day (Fey & Graeber, 2003).

In the 1970s, there was growing concern and discomver new math because
evidence suggested that students in Grades 4wednot improving mathematically,
and the pedagogy being used to deliver the mathesrmatrriculum had come into
guestion (Fey & Graeber, 2003). In 1975, the Carfee Board of Mathematical Science
chose the National Advisory Committee for MatheceatEducation to prepare the
Overview and Analysis of School Mathematics, Gr&dé2. The document indicated
that not all teachers were implementing the mattiesreeforms and recommended that
teachers needed to have knowledge of both the mioael effective instructional
practices.

The report also recommended that references tametiv be should refer only to
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“the multitude of mathematics education concerrtsdevelopments of the period 1955-
1975” (National Advisory Committee for Mathemati€&ducation, 1975, p. 137). Thus,
the mathematics instructional trend during the sddwalf of the century was back to the
basics (Payne, 2003; Schoenfeld, 2004; Stotsky7)2@0so, during this time, as part of
the War on Poverty, the federal government gavestitomplete attention to improving
the achievement of poorly performing students, esflg those students who were of
low socioeconomic status (Heise, 1994; Stotsky,7200

As a result of the back-to-basics trend, the secpiefh mathematics courses
returned to the pre-Sputnik era of arithmetic imd@rgarten to Grade 8, Algebra I in
Grade 9, geometry in Grade 10, a second year abhkégin Grade 11, and Precalculus in
Grade 12. This era emphasized procedural skillectinstruction, and widespread use
of local and national testing. However, after aadkcof direct instruction, the result was
that not only were students not doing better ma#imally, but they also were not able
to solve problems efficiently (Fey & Graeber, 2Q0B)is lead to the statement by the
National Council of Teachers of Mathematics thaufing solely on the basics was
wrong, and, as a result, the back-to-basics cuumcwvas replaced with a problem-
solving curriculum (Schoenfeld, 2004). However,lgemn solving was done superficially
because there was not a clear understanding ofprblakem solving actually meant
(Schoenfeld, 2004).

Mathematics education reform was again at the fonébecause of a series of
critical national advisory reports and disappoigtiesults from international
comparisons of mathematics achievement (Coxforg, Hgsch, & Schoen, 1999). The
National Council of Teachers of Mathematics (1986)ed a reported entitléh

Agenda for Actionwhich stated that mathematics education in théedrStates was not



18

improving. This report recommended that the foduschool mathematics be on problem
solving, that paper-and-pencil computation showitimhibit problem solving, that
calculators be readily available to all students] that there should be less emphasis on
paper-and-pencil calculations with more than twgitdi(Klein, 2007).

Another report came from the National CommissiorEanellence in Education
(1983). The U.S. Secretary of Education T. H. Betlated the Commission to investigate
and report on the state of education. The resudtthva production of a report entitléd
Nation at Risk: The Imperative for Educational Refowhich detailed findings and
recommendations for a change in U.S. educatiors fHport examined many countries
and their education systems. The report highligkitedncreasing importance of
technology and science for national prosperity iadétated that the United States had
fallen behind countries in the education of scestiThese specific problems related to
mathematics and science were listed in the Comam'ssreport:

1. Critical shortages of physics, mathematics, @remistry teachers exist at the
secondary level.

2. The average salary of a beginning math teachtbrabachelor’s degree is now
only 60% of the beginning salary offered by privisgustry to bachelor degree
candidates in mathematics.

3. Substantial numbers of unqualified personseaehing science and
mathematics in secondary school.

4. Even certified science and mathematics teacttdgr®e secondary level are in
need of in-service training.

5. New sequences of science and math courses dedafsare needed which
match stages of intellectual development of chiidre

6. Elementary and secondary schools need accessrmcomputers, low-cost
supplies, and other resources. (p. 3)

The report by the National Commission on Excelleéndéducation (1983)
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indicated that schools were too focused on thecbadireading and computation at the
expense of comprehension, analysis, solving praglamd drawing conclusions. It stated
that, although the American economy and societydmathged over the past decades, the
way in which the country educated its studentsi@dHeise, 1994). The report
emphasized the low performance of minority studentaathematics (Stotsky, 2007) and
the need for a more prepared teacher workforces@;14994). Overall, the report stated
that education in the United States was secondMatkeeod, 2003; Schoenfeld, 2004;
Stotsky, 2007).

In 1989, the National Council of Teachers of Math#&os developed the
curriculum and evaluation standards for school emtitics. Overall, the 13 standards
were in line withAn Agenda for Actiofrom 1980 but included more explanation and
indicated that “the study of mathematics should lessfze reasoning so that students can
believe that mathematics makes sense” (p. 29)sidrmlards encouraged student-
centered classrooms, discovery learning, and stbidyal-world problems and
applications, and emphasized that all studentsldh@yve access to calculators (Klein,
2007). Additionally, there was to be less attentariong division, paper-and-pencil
fraction computation, rote practice, teaching byrtg, memorizing rules and algorithms,
and finding the exact form of answers (Klein, 2007)

Klein (2007) stated that those in favor of this i@eh to mathematics education
provided supportive arguments for this way of téagland learning. One argument was
that teaching mathematics this way was said tmbmby just. It provided all students
with the chance to learn mathematics. The secampehaent was that this way of teaching
and learning was based on the needs of businessdumstry. Both of these issues had

been highlighted in the report entitléd\Nation at RiskNational Commission on
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Excellence in Education, 1983).

The 1990s represented the decade of the mathematiss The wars were
centered on the contrast between the learning ¢ Is&ills versus the conceptual
understanding of mathematics and also on instmalistrategies. This debate has been
characterized as the “disagreement between forthémiting mathematics educators who
wanted a ‘conceptual approach’...and ‘traditionaltihesnaticians and parents who...
wanted only rote memorization and computationalnibygStotsky, 2007, p. 493). Klein
(2007) concurred that this debate was between @ssiye and conservative approaches
to mathematics instruction and suggested thatadth a traditional approach was
criticized for being too focused on basic skillghwiittle understanding by students, many
universities expected students to have experieatsatlitional mathematics curriculum.

In 1994, Congress reauthorized Title | of the Eletagy and Secondary
Education Act and passed the Goals 2000: EducateridanAct. This act was intended
to encourage “coherent, nationwide, systemic edutatgform, to improve the quality of
learning and teaching in the classroom and worlgpland to define appropriate and
coherent federal, state, and local roles and resspidities for education reform” (Heise,
1994, p. 345). It also provided funds so that esdate’s department of education could
develop standards and an assessment system wittoaraability measures that were
considered essential to the reform of the Ameraduncation system (Superfine, 2005).

In 1995 and 1999, U.S. students participated infthed International Math and
Science Study, which later became known as thedBraninternational Math and
Science Study. In both 1995 and 1999, eighth-gsaal#gents’ average scores were lower
than those of students in countries such as Jépagzech Republic, Australia, and the

Netherlands (Roth et al., 2006). These were sontieec$ame countries to which the
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report entitledA Nation at Riskeport compared the U.S. students (National Cosions
on Excellence in Education, 1983). TAdNation at Riskeport and the statistical analysis
of the Third International Math and Science Stuayf 1999 both indicated that not all
teachers in the United States were prepared th tbacsubjects they were assigned to
teach (Roth et al., 2006).

In 2000, the National Council of Teachers of Math&os released the principles
and standards for school mathematics, which dest@bfuture in which “all students
have access to rigorous, high-quality mathematissuction, including 4 years of high
school mathematics. Knowledgeable teachers hawgatkesupport and ongoing access
to professional development” (para. 4). At the séime, the National Council of
Teachers of Mathematics recognized that there sigraficant challenges in meeting
this goal. The principles are the basic fundameritala superior education in
mathematics, and they include statements aboutyegurriculum, teaching, technology,
learning, and assessment. The standards descrddewathematics students should be
able to know and do. These content standards destre essential content areas:
number and operations algebra, geometry, measuteamehdata analysis and
probability. These process standards describe hewdntent knowledge can be accessed
and used through problem solving, reasoning andfpcommunication, connections,
and representations.

In 2001, former President George W. Bush signed\th€hild Left Behind Act,
which demanded higher academic standards, hightgtehchers, and annual testing
requirements for all schools in the United Stakdsif, 2007). The legislation explained
that, even though there had been over $200 biltidaderal education spending since the

passage of the Elementary and Secondary EducatibofA965, students were still not
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being adequately educated (U.S. Department of Edunc2002). The No Child Left
Behind Act called for more accountability in therfoof rigorous state testing and goals
that would insure that all students would make adésyearly progress and reach
proficiency levels in reading and mathematics by40

However, based on international assessments, stadeievement in the country
did not improve (Gonzales et al., 2004). The scofetudents from the United States on
international assessments during the 2000s didnmmbve. For example, U.S. students
participated again in the Trends in Internationaltiviand Science Study in 2003, and the
results were not significantly different than irepious years. Although Grade 4 students
scored higher than the international average, stidyscored in the middle of the group
of countries, outscoring their peers in 13 cousthat being outscored by students in 11
countries (Gonzales et al., 2004). Grade 8 studdstsscored higher than the
international average but were outperformed bydi4htries, including Japan, Russia,
and the Netherlands.

Schmidt, McKnight, Cogan, Jakwerth, and Houang @)@Mhalyzed the
mathematics curricula from various states and ¢msg)tand then analyzed U.S.
performance on international assessments and nugdestions on how to improve
mathematics and science in the United States. $itlahal. stated that the mathematics
and science curricula were much too broad to stuytopics in depth, coining the
phrase “mile wide and an inch deep” (p. 4). Morep@ehmidt, Wang, and McKnight
(2008) stated that the analysis of the Trendstertational Math and Science Study
showed that the U.S. mathematics and science alaneere “unfocused, repetitive, and
undemanding by international standards” (p. 53Bg fiesearchers indicated that

mathematics and science instruction needed to bbe coherent and uniform across
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schools and districts.

Schmidt et al. (2007) also commented that the kadge of preservice teachers
was not commensurate with that of teachers in atbentries. In fact, U.S. preservice
teachers studied only 43% of the advanced mathesnajpics compared to preservice
teachers in countries such as Korea and Taiwan,sived 79% to 86% of the
advanced mathematics topics, which resulted ironiyta “curriculum gap” (Schmidt et
al., 2007, p. 7) between the United States and athuntries, but also a “preparation
gap” (Schmidt et al., 2007, p. 7).

In 2006, the National Mathematics Advisory Pane$weeated to advise the
President of the United States and the Secretaggo€ation on how to improve
mathematics achievement for all students (Kleif)720The final report from the Panel,
which was published in 2008, stated that studentise United States were not
succeeding in mathematics at the levels that shoeikekpected (U.S. Department of
Education, 2008). According to the report, the ségof the nation and general well-
being of its citizens were dependent on superidheraatics education. The report
continued to point out the mediocrity of U.S. stuidé performance when compared to
their international counterparts, something thamynarevious reports had pointed out.
The suggestions from the report included that ti# Burriculum needed to be
streamlined and should “emphasize a well-define¢dsskills” (U.S. Department of
Education, 2008, p. 13) and that particular attenshould be paid to the preparation of
teachers.

Although the report from the National Mathematiadvisory Panel provided
some ways to support the improvement of mathematiosainly focused on the content

of public school mathematics curriculum but notlo@ pedagogy (U.S. Department of
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Education, 2008). In comments about instructiomatfices for mathematics, the Panel
stated generally that these practices should ‘toermed by high-quality research, when
available, and by the best professional judgmedtexperience of accomplished
classroom teachers” (U.S. Department of Educa008, p. xiv). The authors of the
report for the National Mathematics Advisory Pameht on to state that there is an
absence of research-based evidence to suppont #ithenplementation of a student-
centered classroom or of a teacher-directed classf).S. Department of Education,
2008).

Bottge, Grant, Stephens, and Rueda (2010) agrebdivae National Mathematics
Advisory Panel (U.S. Department of Education, 2008} more research is needed
regarding the essential mathematics content theeats need and how the content
should be taught. Bottge et al. argued that theeglsito be a balance between a
“conceptual understanding of the mathematics witlc@dural fluency” (p. 82). The
authors indicated that there are two types of digs/that should be incorporated into
mathematics classrooms in order to do this. Tls dictivity is called model exploration,
which requires teachers to guide students throumyswo solve a problem and then allow
students apply the problem-solving strategies. Sd¢wond type of activity is called model
eliciting. For this model, teachers have studerpoge the mathematical concepts, test
them out, and then revise their thinking.

Bottge et al. (2010) used an instructional methadted enhanced anchored
instruction. In this structure, (a) instructors psebing questions to guide student
understanding of authentic-like problems; (b) stug@vork together in small groups to
discuss, test, and find solutions to the probleans! (c) instructors provide indepth

instruction on skills and concepts as students tiesd. According to Bottge et al.,
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enhanced anchored instruction provided studentswitltiple opportunities to do
mathematics within a context. The researchersatgghasized that there is a need to
help students understand the words within the prabl

Not only did enhanced anchored instruction heldestts understand the problem,
but it also provided them with hands-on materiaég tould be scaffolded, generated
multiple representations of the problems, and adld¥or students to show their
understanding in a variety of ways. Bottge et2010) argued that their findings pointed
to a new theoretical model for adolescents indicatihat problem solving and
computation should be in the context of practicabem solving. In order to achieve
this, instructional methods and materials must skimaents the relevance of
mathematics to their lives.
Achievement Gap in M athematics

Saifer, Edwards, Ellis, Ko, and Stuczynski (201@)exd that the following factors
contribute to the student academic-achievement‘gaperty, mobility, language,
homelessness, institutional racism, unequal digioh of resources, low expectations for
students from culturally diverse backgrounds, teacuality, and cultural incongruence
between home and school” (p. 2). In an early controerihis gap, Coleman et al. (1966)
stated that American education was still not edpatéor all students and that students of
color were less likely to have access to collegparatory and accelerated curricula. The
report also stated that attending school did nijt sieidents overcome the deficiencies
with which they entered and that the school faesitand the teacher impacted the
achievement of students of color. However, Reaf@6d1) suggested that this gap is not
about skin color but about socioeconomics. Theigapt between White students and

African American and Hispanic students but betwstedents from high- and low-
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income backgrounds.

According to Balfanz and Byrnes (2006), the achiesst gap is less prominent
at the elementary level than it is at the middigost level. Middle school students who
go to school in areas in which there is high pgvartd a high ethnic minority population
are falling behind in mathematics, and there grkethora of reasons as to why the
achievement gap has not closed, including the édekcoherent curriculum, unprepared
teachers, unequal opportunities for students, unated students, and unsupportive
climates for learning.

Akiba, LeTendre, and Scribner (2007) also arguatidata suggest that the lack
of teacher preparation and effectiveness contritiat¢he achievement gap, which could
be called the “teaching gap” (p. 369). Andreasaevar§ and Dixon (2007) reported that,
when U.S. teachers were compared to their Chinesaterparts, the results indicated
that U.S. teachers were lacking in their abilityltagnose children’s mathematical errors
or misconceptions to a degree that interventioricctake place on a conceptual level.
Teachers in the United States could only elab@tatgent misconceptions on a
procedural level, whereas the Chinese teachersl cepbrt student errors on both a
procedural and conceptual level.

Andreasen et al. (2007) argued that U.S. teaclesd apportunities to develop
both their own pedagogical content knowledge ardktstanding of fundamental
mathematics. Therefore, teacher training shouldideemethods and strategies for
teaching, as well as practice in identifying commstudent misconceptions and error
patterns. Furthermore, in a position statement @iy the observations and
recommendations of Andreasen et al., Akiba e28l07), and Balfanz and Byrnes

(2006), the National Council of Teachers of MathBosa(2012) declared, “Differential
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access to high-quality teachers, instructional ojpmaties to learn high-quality
mathematics, opportunities to learn grade-levehemagtics content, and high
expectations for mathematics achievement are the coatributors to differential
learning outcomes among individuals and groupsunfents” (para 1).

When Shin, Davison, Long, Chan, and Heistad (20%8) growth-curve
modeling to examine the achievement gaps in mattiesrend reading for students over
the years from Grade 4 to Grade 7, they foundttieachievement gap widened in
mathematics but was reduced in reading. Also, theigion for learning English as a
second language improved academic achievementlinshibject areas, but special
education programs and free and reduced-price Ipradjrams did not affect
achievement.

More recently, Strunk and McEachin (2014) studtezlefficacy of district
assistance and intervention teams who were chavgldhe task of working with the
lowest performing school districts in Californiaitoprove their capacity to work with
schools, particularly in the areas of professia®alelopment and support of research-
based instruction and interventions The resultsveldahat, over two implementation
years and one postimplementation year, the intéioreneduced the mathematics
achievement gaps among African students, Hispandests, and students from low-
income backgrounds, as well as English-languagedea when compared to White
students, students who were not from low-incomédpaainds, and non-English-
language learners.

Professional Development to Support M athematics
Research has shown that teachers’ instructionté skid content knowledge have

a positive effect on students’ academic achieverfdoMeeking, Orsi, & Cobb, 2012;
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Podhajski, Mather, Nathan, & Sammons, 2009). Adogrtb Tallerico (2005), there are
effective principles for providing effective protsnal development to adults: “(a) active
engagement, (b) relevance to current challengestégration of experience, (d)
learning styles variation, and (e) choice and detetion” (p. 55). Recognizing the need
for effective teacher professional developmentteeldo mathematics and science, the
National Science Foundation funded local systerange projects over a decade of
implementation beginning in 1995. Heck, Banilow&feiss, and Rosenberg (2008)
reported that the principles of effective profeasiocdevelopment, as described by
Tallerico in 2005, were followed, and, additionaliye professional learning provided
was focused on content and related to practice.

Although many teachers did not fully participatehe professional development
as intended, Heck et al. (2008) indicated that¢hehers reported that their attitudes
towards standards-based teaching and the integrattiiv in their classes were positively
affected. According to Weiss and Pasley (2009), démcribed the lessons learned about
high-quality professional development from admuaiirs in participating school
districts, professional learning preparation inelsifi(a) the development of a vision of
high-quality mathematics instruction within thetdid, (b) identification of needs, (c)
setting of professional development goals, andh@yghtful attention and planning to
working with teachers as professionals and key ghagents” (p. 1).

To help implement changes in instruction at thesri@om level, Weiss and
Pasley (2009) advised the implementation of siteetigjob-embedded professional
development, which includes on-site professionaketment sessions, local learning
communities, and the development of mathematicshesa The focus of job-embedded

professional development should help teacherstsmitheir discussions, share
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information, and develop questions in order to heiiee what students know and use
student responses in the professional-developnyeig.c

Banilower, Boyd, Pasley, and Weiss (2006) repotitatl teachers were expected
to participate in 130 hours of professional deveiept over 3 years. Through the use of
a teacher questionnaire, Heck et al. (2008) detednihat the duration of teachers’
participation in the professional development pesiy affected their self-efficacy
regarding their knowledge of content and readitesse standards-based instruction.
The researchers suggested that additional ressareuired regarding integration of a
variety of reform strategies to successfully mbetrieeds of teachers implementing
standards-based instruction. Site-based, job-enaokpicbfessional development,
according to Weiss and Pasley (2009), includedaeg teacher leaders. The roles of
teacher leaders needed to be defined, the leaded®d to learn how to work with adults,
and there needed to be encouragement for theserdedtbwever, this development of
teacher leaders could take years to achieve (VEeisssley, 2009).

Heck et al. (2008) maintained that school prin@palst possess the leadership
and vision to enact the required changes. WeisgPastey (2009) agreed that the
improvement of mathematics should be supporteddbyir@strators at both the district
and school levels and their roles and expectasbosid be defined. Weiss and Pasley
also indicated that, at the district level, theeeds to be an adoption of standards-based
materials, funds made available for materials,lteexon special assignment, substitutes,
assigned district days for professional developreamd release time for classroom
teachers. School-based administrators should peaeléase time for teachers to
participate in professional development, have aybtitb support the work, reduce

classroom responsibilities of teacher leaders, time and a location for teachers to
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collaborate, monitor the implementation, providaapfor materials, work with teachers
who are resistant, and inform parents about th@rtapce of the program.

According to Weiss and Pasley (2009), the firstgetfar professional
development is “setting the stage” (p. 9). At thisial stage, the professional-
development leaders need to understand that thitteevteachers who embrace the
change but also those who do not want change (V8eiassley, 2009). The leaders need
to ensure that teachers know that the goal of tbegsional learning is to help students
achieve. Student data may be used to justify agldight the need for improvement and,
therefore, for the professional development.

Weiss and Pasley (2009) also indicated that aimgisind respectful climate is
essential, especially with secondary school tegclvbo may believe that they do not
need any support because they know the mathencatitsnt. The researchers also
advised that the professional development shouldezd diverse teachers’ backgrounds,
fit the school community’s needs, and give teactteopportunity to collaborate. These
requirements were supported by Andreasen et &.7(20

Wayne, Yoon, Zhu, Cronen, and Garet (2008) addaickiie professional
development must allow for the active participatodieachers and meet their learning
needs, but the authors emphasized that there rawst blement of self-direction. Fogarty
and Pete (2007) argued that sustained professievalopment should also be results
oriented and have practical applications. AccordmBarling-Hammond and Richardson
(2009), the professional development that is thetratfective for teachers occurs over
time and is part of a reform effort. Guskey and W¥¢2009) agreed and maintained that
professional development must have a purpose aukrie focus on a combination of

content and pedagogy.
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Archibald, Coggshall, Croft, and Goe (2011), whatestl similar components of
effective professional development as those higkdid by the forgoing researchers, also
indicated that professional development shouldligaed with school goals, as well as
state and district standards and assessments. B@@@®) stated that professional
development must go beyond the one-shot, 1-daggsainal-development experience
because teachers need access to ongoing profdsiemetopment that models ways in
which teachers can implement the changes in thessmoms. Similarly, Slavin (2013),
who participated in reviews of studies of progratadicated to assisting struggling
readers, as well as studies related to primarysandndary reading and mathematics
programs, concluded that greater levels of studelnievement can be achieved by
programs providing continuous professional develepinfocused on instructional skills.

Learning Forward (2011), formerly the National $aévelopment Council,
developed the following standards for effectivefpssional learning:

Professional learning that increases educatorteféaess and results for all

students (a) occurs within learning communities cotted to continuous

improvement, collective responsibility, and goagament; (b) requires skillful
leaders who develop capacity, advocate, and csegigort systems for
professional learning; (c) requires prioritizinggmitoring, and coordinating
resources for educator learning; (d) uses a vaokspurces and types of student,

educator, and system data to plan, assess, anch&yarofessional learning; (e)

integrates theories, research, and models of hlgaaning to achieve its

intended outcomes; (f) applies research on changeastains support for
implementation of professional learning for longatechange; and (g) aligns its

outcomes with educator performance and studenicalum standards. (p. 1)

Often, the efficacy of professional developmentdducators has been based on
feedback from teachers rather than on improvedesiuachievement (Desimone, 2011).
Desimone (2011) suggested that more scientificadlyrous studies were needed to

measure the effectiveness of professional-developmgiatives. In many professional-

development studies, there is an absence of datalitlectly links the effective
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professional-development models to student achiemgntherefore, more research
should be conducted in this area (Quint, 20114 literature review of more than 1,300
studies related to the effect of teacher profesdidavelopment on student achievement,
Yoon, Duncan, Lee, Scarloss, and Shapley (200 Adauly nine studies that could be
considered scientifically rigorous. Although stuglleve been conducted to try to link
professional development of teachers to the inekashievement of their students, the
numbers of teachers studied or the numbers of stadaught by the teachers involved in
the studies have been limited (Patel, Franco, Mi&royd, 2012).
The Connected M athematics Proj ect

Between 1991 and 1996, the National Science Foiomdptovided funding to
support the development of a mathematics curricdiimmiddle school students (Fey,
Fitzgerald, Friel, Lappan, & Phillips, 2006). Thegram that was developed became
known as the connected mathematics project, whichsed on geometry, measurement,
algebra, probability, and statistics (Fey et @0&). In 2000, the authors began a 5-year
revision process of the program and developed MEBZ(Fey et al., 2006; Lappan,
Phillips, & Fey, 2007). The CMP2 is consideredandards-based curriculum because it
adheres to the standards for mathematics instrudgweloped by the National Council
of Teachers of Mathematics (2014). The followinfjuences impacted the development
of CMP2: “knowledge of theory and research; thdarg’ imaginations and personal
teaching and learning experiences; advice fromherac mathematicians, teacher
educators, curriculum developers, and mathematiigsagion researchers; and advice
from teachers and students who used pilot and-fedtlversions” (Michigan State
University, 2014, p. 4).

The approach of the CMP2 program is based on thstativist way of teaching
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(Wilensky, 1995), including an emphasis on dialogoeng students and on cognitive
science in that it takes into account how studieraish best during their middle school
years. The CMP2 emphasizes the major themes inemaitiics for students in Grades 6
to 8, provides opportunities for students to explmathematics problems, and
encourages teachers to use regular assessmeragealata-based decisions regarding
differentiation of instruction (Michigan State Uensity, 2014).

There needs to be a balance between conceptugracedural knowledge, and
multiple representations are a vital part of legr(iMichigan State University, 2014).
The developers of CMP2 believed that the idea oteptual understanding is the
foundation for learning procedures and should obetfiore procedural practice. Schwartz
(2008) argued that, after students understandaheept of division, they could practice
problem solving using division procedurésirthermore, students are expected be able to
demonstrate their knowledge in a multitudes of wayduding symbolic expressions,
written explanations, and graphs.

The CMP2 program is divided into four areas of reathtics: algebraic
reasoning, geometric or measurement reasoningnedthumbers or proportional
reasoning, and probability and statistical reaspnlimese areas were included because of
research literature recommending them and becdwseas of deficiency for U.S.
students on international assessments (Michigae Staiversity, 2014). Within each of
the 24 units of the curriculum, there are invesiays composed of launch, explore, and
summary sections (Eddy et al., 2008). During tluad¢h phase of the lesson, the teacher
introduces the problem to students with the intergenerate enthusiasm for the lesson.

In the exploration phase, students work on thelprokeither individually, in

pairs, or in groups, while the teacher facilitates conversations and helps answers any
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guestions (Eddy et al., 2008). The lesson concludsthe summary phase, at which
time students reflect upon their learning and shdrat they have learned during the
lesson (Eddy et al., 2008). According to Choppid0@), the expectation is that students
gain a formal understanding of the concepts witheunits, which cover approximately
4 to 6 weeksBecause the benefits that students may receiviedeta participating in the
program are dependent on the content knowledgénatrdctional skills of the teachers,
the project developers provided opportunities fafgssional learningMichigan State
University, 2014).

A study conducted by Patel et al. (2012) focusegrofessional-development
workshops related to CMP2. The researchers belithagdas a result of the professional
development, teachers would be better at recognesimal examining common student
misunderstandings of the mathematical content anddialso develop pedagogically
sound practices. The results of this study did sti@t/providing professional
development to middle school mathematics teachdrigeh was focused on the curricular
materials and pedagogy, improved their problemisgland reasoning skills, as well as
their content knowledge. However, a limitation loiststudy was that the number of
participants in the study (i.e., 26 sixth-gradecheas, 18 seventh-grade teachers, and 13
eighth-grade teachers) was too small. The researsteted that future studies should
include more participants for these grades to detex if the gains are sustainable for
these levels. In addition, the researchers stagduture studies should connect the
gained mathematical content knowledge of the teadibetheir students’ achievement in
mathematics, and the data collected should be zedlpngitudinally.

Garet et al. (2010) also stated that there areéddrdata on the connection

between the professional development for middi®sikcinathematics teachers and
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increased student achievement, despite the factitéige have been hundreds of studies
since 2000 that tried to address this topic. LiktePet al. (2012), Garet et al. indicated
that their study of the effect of middle school heanhatics professional development was
limited by the study’s sample size. Additionally,a study conducted in 2011 to
determine the effect of the professional developgrfeamiddle school mathematics
teacher on student achievement, Garet et al. reemthed that there needs to be more
professional development that places a direct esiploa “common knowledge of
mathematics” (p. xx). The CMP2 teacher guides plevhore detailed information for
each unit of the program, and the assessment eEsbooklet contains a variety of
assessment materials for teachers. Other resouatade the teaching transparencies
booklet and additional practice and skills workboakich provide transparencies and
practice worksheets for teachers to use mathemdichigan State University, 2014).
Resear ch on CM P2

Eddy et al. (2008) completed a randomized contrall $tudy of CMP2 to
determine if it would impact the mathematics ackiaent of 509 sixth-grade students in
six schools in Oregon, Texas, and California. Qhe/Latino students in the treatment
group performed better than Latino students ircti@rol group. There were no other
statistically significant differences between thedents who participated in the CMP2
program and the 405 students who did not. Also, lgliadents did not seem to be more
willing to attempt new problems when compared teeostudents.

However, in classes in which teachers had highemphtation fidelity of CMP2
and presented more problems to be completed tlen tetachers, students’ mathematical
reasoning skills improved. Eddy et al. (2008) stdtat students may need more than 1

year of CMP2 in order to feel more confident attéingpnew problems. Teacher training,
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according to the authors, is an integral part gflementing the CMP2 program. Eddy et
al. stated, “If done well, it has the potentiahtove meaningful impacts on student
achievement; if done poorly, it has the potentiatdanfuse and frustrate both students
and teachers” (p. 46). Therefore, training to impat this program must go beyond a
brief description of materials.

Eddy et al. (2008) did mention that their study bathe limitations. One of the
limitations was that schools were not randomly &ele for the study. The schools in this
study were the only schools that opted to partteirathe study and follow all of the
research protocols. Therefore, the authors notdhle results could be generalized only
to schools with similar demographics and to teazhdro were willing to implement a
new curriculum. Another limitation was that teacherceived the initial training just
before the beginning of the school year. This méaattthe teachers had little time to
prepare the lessons or look at the materials efrtiiv curriculum and program. The final
limitation listed was that the training sessiongsev&metimes attended by as few as two
teachers. This made it difficult to effectively nedgbarts of the lesson, such as how to
differentiate instruction and offer encouragementstudents to accommodate their
needs.

When Moyer, Cai, Laughlin, and Wang (2009) obseggroximately 255
algebra lessons in sixth- to eighth-grade CMP2sctasns and approximately the same
number of traditional classrooms, the results slibivat teachers who taught using the
CMP2 program dedicated more time in the classraomgroup learning. This meant that
students were able to interact more with peersaméve more opportunities to
understand the math concepts. Although studeritadgitional classes spent more time

practicing procedural skills, students in the CMiR&s usually had more advanced
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conceptual skills.

In a later report, Moyer et al. (2011) offered mofermation about the study,
which included the observation of 579 algebra-egldéssons over 3 years in seven
middle schools that had implemented CMP2 and sevddle schools that had not. The
results indicated that students in the CMP2 clagaggipated in more cognitively
demanding activities than students in the non-CB&ses. The authors pointed out that
research (Hiebert & Grouws, 2007; Schoen, Cebhila, & Fi, 2003) has indicated that
these activities enhance student achievement. aladents in the non-CMP2 classes
spent more time working individually on homeworkciass, but the students in the
CMP2 classes spent more time discussing theirieakito homework problems in class.
Use of calculators and manipulatives were the sarbeth types of classrooms, but the
authors were surprised that the use of manipulaines not higher than 10% of the time
in the CMP2 classrooms. The use of physical maatus to solve problems is
advocated in curricula adhering to the math statgl@dational Council of Teachers of
Mathematics, 2014).

Unlike Moyer et al. (2009, 2011), Post et al. (2088amined the academic
achievement of 1,400 middle school students indist@ool districts in Minnesota that
used either CMP2 or MathThematics (Billstein & Wéithson, 1998) over a period of 3
years or more. The findings were not disaggredayeorogram. The results indicated
that students performed above the national meandasated by the normal curve
equivalent, on the problem-solving and open-enddtests of the ninth edition of the
Stanford Achievement Test (Harcourt Brace & Compdm®@7) but below the national
norm on the procedures subtest. This test is amalty normed, standardized,

mathematics assessment.
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The highest performing students in the Post €2808) study were White
students, students in advantaged socioeconomipgrand students whose first
language was English. In the only district using tlew standards reference exam in
mathematics (Wiley & Resnick, 1998), the studestieved above the national norms.
Post et al. suggested that more research is néedetdermine the following: “What kind
of student mathematical outcomes do we value, drat are the dimensions of programs
most likely to produce them?” (p. 210).

Tarr et al. (2008) also studied the impact of adéads-based curriculum on
student achievement in a study of 2,533 student® imiddle schools that used
mathematics textbooks that were developed by phdsiésor with funding from the
National Science Foundation, and the CMP2 was btteeqprograms used. The results
indicated that, when teachers created a strongatds-based learning environment,
students using the curriculum funded by the Nati®@té&ence Foundation performed
better on the balanced assessment in mathemali&'McGraw-Hill, 2003)than
students using a publisher-developed curriculunwéi@r, there was no difference
between the two groups of students on the Terralsawey, which is a norm-
referenced assessment. Tarr et al. suggestedot@twous professional development is
needed to ensure implementation fidelity.

In earlier research, Woodward and Brown (2006)dlad found that the original
version of CMP may not meet the needs of all sttedérhe researchers compared the
academic performance of 25 sixth-grade studentgjpating in the program entitled
Transitional Mathematics: Level 1 (West, 2004) @B8csixth-grade students participating
in the CMP for 1 academic year. All of the studemése struggling learners who were

considered “at risk for special education servigg8bodward & Brown, 2006, p. 151) in
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mathematics. The transitional mathematics progras developed with funding

provided by grants from the U.S. Department of Edion’s Office of Special Education
Program. The program, which was based on the stdsdeeated by the National

Council of Teachers of Mathematics, was developadéet the needs of struggling
mathematics students. The students participatitigaroriginal version of CMP had
additional practice in basic skills because edusateere concerned about the lack of this
practice in the program, but the practice work walated to CMP. Pretests and
posttests using the Terra Nova were completedsesasstudent academic performance.

Although there was no statistically significantfdience between the two groups
on the pretest, the posttest indicated that th#esiis using the transitional mathematics
program outperformed students using CMP. Moreaweg survey of attitudes toward
math completed by students, there was no staligtgignificant difference between the
two groups on the pretest, but the posttest inedctiat the students using the transitional
mathematics program had more positive attitudes shadents using the original version
of CMP. Woodward and Brown (2006) suggested thattbre favorable results for
students in the transitional mathematics prograsulted from the use of instructional
methods designed for students with special needs.

Bouck, Kulkarni, and Johnson (2011) also studiedittpact of the original
version of CMP and a traditional mathematics progoa the academic performance of
struggling students. The researchers comparecctiiev@ment of 81 sixth-grade
students, including 15 students with a disabiliigticipating in CMP with 65 sixth-grade
students, including 13 students with a disabiligsticipating in a traditional mathematics
program. Also included in the study were 70 sevgn#de students, including 12

students with a disability, participating in CMPdar® sixth-grade students, including 10
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students with a disability, participating in a titaxhal mathematics program. The
disabilities identified in both grades were attentdeficit hyperactivity disorder, autism,
hearing impairment, and speech and language impairrBtudents completed bimonthly
assessments, which included both multiple-choickagen-ended problem-solving
guestions.

The results showed that there was no statistisaiyificant difference between
the students with and without disabilities in treditional program and CMP. However,
students without disabilities performed better teardents with disabilities, and all
students performed better on the multiple-choiaestjans than on the open-ended
problem-solving questions. Bouck et al. (2011) ssggd that more research is needed to
determine the instructional needs of special edutatudents but did note that,
regardless of the curriculum used, students wihlllities need more practice with word
problems.

Slavin, Lake, and Groff (2009) reviewed 100 studiesiddle and high school
mathematics programs to determine their impactedent achievement. The studies
lasted for 12 weeks or more, included a controugriinat was chosen randomly or was
matched to the intervention group, and the grogakdimilar pretest results. The mean
effect size for the 40 studies of curricular pragsaincluding the original version of
CMP, was +0.03. Slavin et al. reported the six CdlRlies had an effect size of -0.05.
Moreover, the mean effect size for the 26 studiedkeNational Science Foundation
textbooks was 0.00. This may have been becauggdlgeams have positive effects that
were not assessed (Confrey, 2006; Schoenfeld, Z888in et al., 2009).

The effect size for the 38 computer-assisted ioftyn studies was only slightly

larger (+0.10) than that of the studies of curacydrograms. The largest mean effect size
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was +0.18 for 22 studies of instructional procesgyams, and, within this category, the
nine cooperative learning studies had a mean edfeetof +0.42. Slavin et al. (2009)
argued that the three types of mathematics ingdruetre not mutually exclusive and may
be most effective if implemented concurrently. Tegearchers also suggested that, based
on the results of this review, “educators as weltesearchers might do well to focus

more on how the classroom is organized to maxirsiizdent engagement and

motivation” (Slavin et al., 2009, p. 45).

Banilower (2010) found more positive results for E®&) the second version of
the program, in a 3-year longitudinal, quasi-expental study of cohorts of sixth-grade
students in 24 schools using CMP2 and 25 schoaig asmore traditional mathematics
program. Over the 3 years, scores on the statesassats of students in the CMP2 group
had positive improvement in their scores, but thetiol group did not. The difference
between the groups was small but statisticallyiiggmt. However, there was no
difference in the 3-year scores on the balancesgsasgent of mathematics for students in
the treatment and control groups. Students congpketurvey at the start of Grade 6 and
the end of Grades 7 and 8 regarding their attitboleard mathematics. The students’
attitudes became less positive over the 3 yeatghbudecline was similar for both
groups of students regarding their enjoyment oheraatics, intrinsic motivation to
study mathematics, and confidence in studying nma#tties. Regarding the students’
beliefs about the usefulness of mathematics, th®Zbtudents’ positive beliefs declined
more slowly than did those of students in the camspa group.

In a qualitative case-study format with an ethnpgra perspective, Hansen-
Thomas (2009) found that, when a teacher usedulisedo encourage student dialogue

in a CMP2 class, students whose first languageneti&nglish had greater academic
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success than when teachers predominantly favoeedsh of modeling. Also, Durkin

(2005) found that the longer CMP2 was in use intesl district, the greater was the
improvement of mean mathematics assessment savr@frican American students.

Theoretical Framework for CM P2

The theoretical framework for CMP2 is the theoryohstructivism or reform
mathematics, which differs from traditional mathécwinstruction. According to Ma
and Singer-Glabella (2011), traditional mathematiesruction “is characterized by a
routine of presenting a procedure, modeling an gkamproblem, and then asking
children to practice similar problems” (p. 8), Il constructivist approach, or reform
mathematics instruction, “entails designing andmpp$asks that call on children to
reason about quantities, invent their own strageg@iad discuss their thinking” (p. 8). The
roots of this approach lie in the approaches of ®e(®916) and Piaget (1954).
Vygotsky’s (1978) social-constructivist learningetny, which states that social
interaction has a positive effect on the attainneémmiognition, was also an important
influence.

Ma and Singer-Glabella (2011) stated that theresigr@ficant differences
between traditional mathematics instruction andstmetivist, or reform, mathematics
instruction. For example, in traditional mathemaiitstruction, students practice
procedures that the teachers demonstrate to timecontract, constructivist, or reform,
mathematics instruction requires students to dspusblems with their classmates and
determine the relationships between quantitiesnaaitiematical ideas. Brooks and
Brooks (1999presented five guiding principles of constructivism

1. “Posing problems of emerging relevance to sttgldp. 35). However,

teachers can help students see the relevance.



43

2. “Structuring learning around primary concepts.’46). The teacher should
introduce students to the whole major concept bed to the parts.

3. “Seeking and valuing students’ points of view” §0). The authors suggested,
“Students’ points of view are windows into theiasening” (p. 60).

4. Adapting to curriculum to address students’ sigfipns. The teacher must
first learn the students’ suppositions and thentlism to engage the students in learning.

5. “Assessing student learning in the context atteng” (p. 85). Informal
assessment should be used as a formative toolde mstruction rather than a
summative tool.

According to Donovan and Bransford (2005), studentee mathematics
classroom should be encouraged to express theais @med talk about mathematics, take
risks, and use their own ways to problem solve.i#alihlly, teachers should allow for
the use of multiple strategies to solve a probi@ke on the role of learner to learn what
students know and do not know, and teach to altmvednceptual understanding rather
than the sole understanding of processes and prmeed-reeman et al. (2013) indicated
that, in the constructivist classroom, studentsaatevely learning rather than passively
listening to lectures, and this increases theifgperance on assessments.

Resear ch Questions

The research questions generated were based cevibe of the literature, the
characteristics of the mathematics interventioihattarget schools, and the information
needs of the educators in the target school distrie following research questions were
established to guide this applied dissertation:

1. Did the implementation of a professional-devaiept intervention and a new

mathematics curriculum impact the mathematics aenent of all students in Grades 6,
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7, and 8 at the target middle schools on the statedardized assessments in the 2008-
2009 to 2012-2013 school years when compared tm#teematics achievement of
students prior to implementation?

2. Did the implementation of a professional-develept intervention and a new
mathematics curriculum impact the mathematics aelnent of students in specific
populations in Grades 6, 7, and 8 at the targetlimisichools on the state standardized
assessments when compared to the mathematics aetg@et/of students prior to
implementation?

3. What are teachers’ perceptions of the CMP2 aragrnd the professional

development provided?
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Chapter 3: Methodology

Introduction

The problem to be addressed in this study wadtthats necessary to assess the
efficacy of a program implemented to improve thetaeatics skills of middle school
students in the target school district. The purpaidais study was to determine the
efficacy of the CMP2 at the sixth-, seventh-, aigih#n-grade levels using an ex post
facto approach with an interrupted time-seriesgiedRetrospective data were used to
ascertain if the new mathematics curriculum impadte mathematics achievement of
students on the state standardized assessmentcam@ared to the school years before
implementation of the program. This chapter includalescription of the participants,
data-collection instruments, research design, plares, and data analysis. The
limitations are also included.
Participants

For this study, the participants were 40 core nratiies teachers who taught
middle school mathematics in the target schootidisatnd who participated in the
professional-development training and then implawatém for the intervention. Over the
course of 3 years, all of the middle school math@sdeachers participated in the
professional learning program. Grade 6 mathemsgashers participated in the 2008-
2009 school year, Grade 7 mathematics teacheiisipatéd in the 2009-2010 school
year, and Grade 8 mathematics teachers participatbé 2010-2011 school year. At the
end of each initial year of training, these teastowampleted a questionnaire regarding the
program, the professional development received hamdthey believed the program had
begun to impact students in their classrooms.

Although middle school student data were gathenebdamalyzed, they were
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retrospective, deidentified data; therefore, thielshts were not direct participants in this
study. There was a comparison of mathematics CMiesdor students in Grades 6, 7,
and 8 prior to the mathematics intervention and fioe the years with the intervention.
Data were gathered for overall student achievemiemiddle school students in the
district as well as for students who are listethim following demographic categories:
gender, African American, Hispanic, White, Asian émgan, free or reduced meals,
special education, and English-language learners.

The demographics for middle school students conmgiéhe mathematics portion
of the CMT for each year can be found in Item RAppendix A. A chi-square test was
performed to determine if there was a significaffecence between the comparison
group (i.e., students prior to the interventiondl #me treatment group (i.e., students after
the intervention). Initially developed by Karl Psan in 1900, the chi-square test was
used to “test the goodness of fit” (Franke, Ho, Bri€tie, 2012, p. 449) for frequency
curves and later, in 1904, was extended to teshftependence between rows and
columns (Franke et al., 2012). According to Fraekal. (2012), the Pearson chi-square
tests are “one of the most common sets of stalsticalyses in evaluation and social
science research” (p. 449). The information in I2of Appendix A indicates that no
statistically significant difference existed in ttiemographics between the comparison
group and the treatment group.

Instruments

Academic performance. The CMT data regarding the mathematics achievemen
of all middle school students in the district wgeghered to answer the first two research
guestions posed. According to the interpretive gufithe Connecticut State Department

of Education (2013), the mathematics portion of@h&T was a criterion-reference test
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that assessed how well students were doing ors skikkontent strands important for
student mastery. Content experts and practicingatdts identified these skills or
content. This mathematics assessment was admedstethree sessions for students in
Grades 5 through 8. These three sessions includégbla-choice and open-ended test
items from 25 content strands aligned with the eoh&nd performance standards
delineated in the state’s mathematics curricultandards for prekindergarten through 8.

Before the fourth-generation CMT was introduce@®6, the state department
of education employed assessment and evaluatiazeptsto examine the mathematics
test items to ascertain if they were consistent siate content strands and standards
(Hendrawan & Wibowo, 2011). The results, which aonéd a congruent match, helped
to confirm the content validity of the assessmbfdreover, the reliability coefficients,
using Cronbach’s (1951) alpha measure of interoasistency, are set at 0.90 for the
significant cut points of the test (Hendrawan & \0iNm, 2011), and this is considered to
be a high rating (George & Mallery, 2003; TavakoD&nnick, 201l).

Students who complete the mathematics portionefMT received a total scale
score for mathematics. The scale scores were loastte raw scores (i.e., number of
points earned), and then the raw scores were ciauvir scale scores. This was to ensure
an accurate comparison of student performance eette different forms of the test.
According to the interpretive guide of the statpattment of education, psychometric
procedures were used to make sure that the saake gpresents the same level of
performance regardless of the test form.

Scores from the mathematics portion of the CMTnficatdle school students in
the target school district were used for two puegoirst, the middle school

mathematics scores were analyzed for the overdthymeance of the city’s middle school
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students in Grades 6, 7, and 8 for the years fwithe intervention and for the years after
the intervention. Next, middle school mathematmsas by demographic category were
analyzed prior to the invention and for the yeat®Wing the intervention. Additionally,
using the information gleaned from the demographtegories both prior to the
intervention and after, there was an analysis @fithievement gap in the school district.
As stated previously, the achievement gap is tfierdnce in achievement between the
highest performing students and the lowest perfogrstudents.

Teacher perceptions. Data from a second instrument, a questionnaire tetegp
anonymously by the middle school mathematics teadisee Appendix B), was used to
help answer the third research question regardiachers’ perceptions of the new
mathematics program, how it impacted their studdatig the first year of
implementation, and their perceptions of the prsifgsal development they received for
this intervention. As previously stated, this syrweas completed by the mathematics
teachers at the conclusion of the first year ohing and implementation of the
intervention. The teachers who participated indinevey were core mathematics teachers
who participated in the training and teaching & @MP2.

The questionnaire included 10 statements and & fpbei¢eachers to provide
additional comments. Eight of the 10 statementd asé-point Likert-type rating scale
that ranged fronstronglyagreeto strongly disagreeThis scale is named after the
inventor and psychologist, Rensis Likert (1932)] anone of the most used scales to
measure attitudes and perceptions (Balasubram&ag). The scale that was used in
the teacher questionnaire was a forced-choice Htatldiad no neutral choice (Trochim,
20064, 2006b). The use of this type of a symmaree-disagree scale means that each

respondent must specify a level of agreement @gdéement (Gall, Gall, & Borg, 2014).
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Regarding the other two statements on the questimrone asked teachers to respond
affirmatively or negatively, and one asked teacheishoose fronboo much, just right,

or too little. The questionnaire was developed by the researchepvide teachers with a
voice about the professional development they waxeiving, to gain insight on how
best to support teachers the following year to ensuplementation with fidelity, and to
gauge teachers’ perceptions of the intervention.

Lodico, Spaulding, and Voegtle (2010) stated thaqi@stionnaire developed by
the researcher is valuable because it can be wfittethe specific purpose of the
research, the unique setting, and program beirgsiigated. De Vaus (2002) and Korb
(2012a, 2012b) suggested that there should bestableshment of content validity for
the questionnaire; therefore, after this survey deageloped, it was reviewed by the six
district mathematics coaches for question claniy eontent. Revisions were made to the
survey based on the feedback from the mathemadashes. According to Gall et al.
(2014), because researchers are more interesggdup than in individual means, the
validity and reliability standards for surveys amest often less rigorous than those for
summative assessments.

Procedures

Data collection began after approval was givenhayschool district’s research
department and the university’s Institutional Rewvioard provide. The retrospective,
composite school achievement data were gatherdtidastate test (i.e., CMT) for middle
school students in Grades 6, 7, and 8 from the sligppartment of education’s public
website. Additional composite school data regardioigort groups and the anonymous
retrospective survey data were gathered from tigetachool district’'s administrators.

Additionally, the anonymous retrospective survetadaere gathered from the target
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school district and analyzed.

Design. As indicated in Chapter 1, an ex post facto, geaperimental approach
with an interrupted time-series design was usexhtwer Research Questions 1 and 2.
Gay, Mills, and Airasian (2009) stated that an egtgacto approach may be used to
determine the reason for the change in the groupdofiduals. Cohen, Manion,
Morrison, and Morrison (2000) defined ex post fadéta as data gathered “after the fact
or retrospectively” (p. 205). This design identfigne relationship between the
independent variable and dependent variable andgepts the area in which the
researcher has no control over the independerahlaritherefore, the research is
nonexperimental (Gall et al., 2014). For this reseatudy, the independent variable was
the mathematics intervention (i.e., CMP2) and tigethdent variable was mathematics
academic achievement of middle school students.

According to Creswell (2012), an interrupted tinesiss design is used when
studying one group over time, obtaining numeroesgst measures, administering an
intervention, and then measuring the outcomes fisttests) over a period of time.
McDowall (2004) and Lewis-Beck, Bryman, and Lia®@@2) added that an interrupted
time-series design may estimate the causal effexnt @solated intervention, which
separates the time period into two parts: preieteion and postintervention. A data
analysis is completed to compare the means oféperdient variable for the two
periods.

For this research design, there was a treatmenpgand a comparison group, but
the participants were not randomly assigned, aecktivas one intervention studied. Both
groups in this study consisted of all the middlecst students in the district who

participated in the CMT: The first group (i.e., tt@mparison group) attended target
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district schools prior to the intervention, and siseond group (i.e., the treatment group)
attended target district schools after implemeatatif the intervention. Data from all the
public middle school students in the school distibo took the state tests for the years
prior to the intervention (i.e., the comparisonuppand after the intervention (i.e., the
treatment group) were used. Data included the p&age of all students and students by
subgroup achieving at each of the levels of belagid) basic, proficient, goal, and
advanced on the state test.

To answer Research Question 3, a survey desigehvidia nonexperimental,
guantitative research approach (Creswell, 20123, wgad to determine teachers’
perceptions of the implementation of the intervemind their perceived effectiveness of
the intervention. According to Wolf (1978), the pase of conducting the survey is to
establish the social validity of the interventidvolf claimed that social validity includes
“the social significance of the goals, the soc@rapriateness of the procedures, and the
social importance of the effects” (p. 207). Addiiadly, Carter (2009) stated, “The most
frequent method for determining the degree of atacege for a procedure or program has
been to ask those receiving, implementing, or cotnsg to a treatment about their
opinions of the treatment” (p. 2).

Data analysis. To determine the mathematics academic achieveofieniddle
school students before and after implementatich@fntervention, pretest archival data
and posttest data from the CMT were analyzed. Fad&6, the pretest archival data
were analyzed for 2005 through 2008, and the psigteta were analyzed for 2009
through 2013. For Grade 7, the pretest archiva datre analyzed for 2005 through
2009, and the posttest data were analyzed for #0b0gh 2013. For Grade 8, the pretest

archival data were analyzed for 2005 through 2@hd,the posttest data were analyzed



52

for 2011 through 2013.

Data were compared for overall achievement forytree's prior to and after the
intervention and also for achievement by categoey, (specific groups) prior to and after
the intervention. Fisher’'s exact test of indeperdeanas performed to determine any
statistically significant differences in the meaasd the outcome of this analysis
indicated whether there was a possible relationseipreen the independent variable
(i.e., the CMP2 intervention) and dependent vaedbé., mathematics academic
achievement of middle school students). As indit@tethe limitations, this relationship
was only suggested. Fisher’s exact test of indeprecelwas utilized because researchers
have indicated that it results in a precise prdiigvalue when used for 2 x 2
contingency tables (Cramer & Howitt, 2004; McDon&@09; Wong, 2011).

Also, Fisher’s exact test of independence was peed to determine the
statistical significance of preimplmentation andgtroplementation differences in the
achievement gap between White students and botbaifAmerican and Hispanic
students, as well as between economically disadgedtstudents and all students.
Economically disadvantaged students were comparall students because the state
department of education does disaggregate achiewenfermation for students who are
not economically disadvantaged.

In addition, the CMT vertical scales were usedralgze the CMT math data to
determine growth of students across grade levéis.state department of education that
developed the vertical scales indicated that inldial vertical scale scores describe the
same theoretical level of achievement for eacheg(@wbnnecticut State Department of
Education, 2015). Therefore, these scores weretosammpare students’ scores in

consecutive grades. An independent-samiplest was conducted to compare the
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treatment and comparison groups for improveme@NT math-score growth across
grades. The responses to the 10 questions congdgaadiohers’ perceptions of the
effectiveness of the intervention were analyzednswer Research Question 3 using
descriptive statistics. The responses were analyrddtermine frequencies and
percentages of teachers choosing each response.
Summary

The problem to be addressed in this study wadhleagcores on the state
assessment indicate that not all middle schoolesitsdn an urban school district have
the knowledge and skills needed to be mathematipatificient. The purpose of this
study was to determine if the implementation of@fgssional-development intervention
for a new mathematics curriculum impacted the nratdtes achievement of students in
Grades 6, 7, and 8 at the target middle schoolsrditg to the state standardized
assessments in the 2008-2009 to 2012-2013 schad.ye

An ex post facto, quasi-experimental approach aatlinterrupted time-series
design was used to answer the first two researehtouns about achievement in
mathematics. Retrospective data were used to lothleaverall mathematics
achievement for the city’s middle school studemisrgo the mathematics intervention
and after the mathematics intervention. Additionadlata were analyzed for special
populations prior to and after the mathematicsvetetion. To answer Research Question
3, teachers’ perceptions of the intervention weleised through a survey design, which
was a nonexperimental, quantitative research apprdde retrospective, anonymous

data were gathered and analyzed to determine tepeheeptions of the intervention.
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Chapter 4: Results

I ntroduction

The purpose of this study was to determine if theléementation of a
professional-development intervention and a newheraatics curriculum impacted the
mathematics achievement of students in Gradesa®d’8 on the state standardized
assessments in the 2008-2009 to 2012-2013 schad gethe target middle schools. An
ex post facto, quasi-experimental approach witmtarrupted time-series design was
used to answer the first two research questionstamhievement in mathematics.
Retrospective state testing data from the statarttepnt of education’s public website
was used to look at the overall mathematics achnew for the city’s middle school
students prior to the mathematics intervention aftel the mathematics intervention.
Data were also analyzed for the various categ@res subgroups) of students prior to
and after the mathematics intervention. To anshethird question, teachers’
perceptions of the intervention were solicited tlgio a survey design, which involved a
nonexperimental, quantitative research approacé.rétiospective, anonymous data
were gathered and analyzed to determine teacheeens of the intervention.
Resultsfor Research Question 1

Did the implementation of a professional-develophietervention and a new
mathematics curriculum impact the mathematics aenent of all students in Grades 6,
7, and 8 at the target middle schools on the statelardized assessments in the 2008-
2009 to 2012-2013 school years when compared tm#teematics achievement of
students prior to implementation? Tables 2, 3,48How the percentages of students in
the comparison and treatment groups performingett EMT level in mathematics for

each middle school grade.
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The years of implementation of the interventionevetaggered, with the
implementation occurring one grade level at a tiG®de 6 teachers received just-in-
time professional development for the interventigrthey were implementing it for the
first time during the 2008-2009 school year. Therefthe spring of 2009 was the first
time that Grade 6 students took the CMT after keogithis intervention. The average
percentage of Grade 6 students performing at thicpnt level and above increased

after the intervention from 74.2% to 84.9% (seel@&).

Table 2

Percentage of Sixth Graders Performing at Each LemeMath Assessment

Below basic Basic Proficient Goal Advanced

Group No. % No. % No. % No. % No. %
Comparison

2006 158 14.7 162 15.1 240 22.3 306 28.5 20819.4

2007 125 12.0 115 111 239 23.0 328 315 23322.4

2008 119 11.3 117 111 240 22.8 343 32.5 23522.3
Treatment

2009 59 6.2 110 11.6 192 20.3 325 344 9 25 27.4

2010 57 5.8 99 10.1 207 21.2 344 352712 277

2011 43 4.5 83 8.6 150 15.6 338 35.1384 36.2

2012 41 4.2 67 6.9 214 22.1 301 31.1344 35.6

2013 38 3.8 76 7.6 206 20.5 313 31.371 37.0

Grade 7 teachers received just-in-time professideaélopment for the
intervention as they were implementing it for tiretftime during the 2009-2010 school
year. Therefore, the spring of 2010 was the firsetthat Grade 7 students took the CMT
after receiving this intervention. The average petage of Grade 7 students performing
at the proficient level and above increased afterinitervention from 75.2% to 82.9%
(see Table 3).

Grade 8 teachers received just-in-time professideatlopment for the
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intervention as they were implementing it for tiretftime during the 2010-2011 school
year. Therefore, the spring of 2011 was the firsétthat Grade 8 students took the CMT
after receiving this intervention. The average petage of Grade 8 students performing
at the proficient level and above increased afterinitervention from 75.2% to 83.2%

(see Table 4).

Table 3

Percentage of Seventh Graders Performing at Eacfellen Math Assessment

Below basic Basic Proficient Goal Advanced

Group No. % No. % No. % No. % No. %
Comparison

2006 154 14.2 162 14.9 260 24.0 318 29.3 19017.5

2007 142 13.2 161 15.0 225 21.0 327 30.5 21720.2

2008 104 9.9 131 12.5 251 23.9 322 30.7 24123.0

2009 72 7.1 122 12.0 247 24.3 328 32.2 8 24 24.4
Treatment

2010 66 6.9 121 12.7 239 25.0 296 31.0 3 23 24.4

2011 47 4.8 122 12.5 211 21.7 352 36.2 1 24 24.8

2012 50 5.1 85 8.6 207 20.9 363 36.7284 28.7

2013 62 6.2 114 11.3 235 234 341 33.9 3 25 25.2

Fisher’s exact test of independence was performetermine statistical
significance of the differences between the treatraead comparison groups in the
percentage of students achieving proficiency. Asshin Table 5, Fisher’s exact test
indicated that the differences were statisticaliygicant for students in all three middle
school grades, and the treatment group outperfotheedomparison group.

Vertical-scale scores were used to analyze the @da for growth across grades
of student cohort groups. According to the Conrettstate Department of Education
(2015), vertical-scale score comparisons canndacerout can enhance “the usual year-

to-year comparisons based on the percentage adrgidcoring at each achievement
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level” (p. 27).

Table 4

Percentage of Eighth Graders Performing at Eachdlewm Math Assessment

Below basic Basic Proficient Goal Advanced

Group No. % No. % No. % No. % No. %
Comparison

2006 165 15.1 157 14.3 237 21.6 324 29.6 21319.4

2007 136 12.6 156 14.5 264 24.5 319 29.6 20418.9

2008 128 12.1 160 15.1 245 23.2 320 30.3 20419.3

2009 76 7.4 130 12.7 259 25.2 348 33.9 3 21 20.8

2010 69 6.6 133 12.9 216 21.1 374 36.5 4 22 21.9
Treatment

2011 57 6.0 125 13.1 245 25.7 317 33.2 021 22.0

2012 49 5.1 113 11.6 261 26.9 327 33.7 0 22 22.7

2013 50 5.0 96 9.5 248 24.7 339 33.7273 27.1
Table 5

Results of Test for Statistical Significance of@#nces in Scores at Proficient Level

Comparison group Treatment group
Grade No. % No. % p
Sixth 2,352 74.2 4,123 4.8 <.0001
Seventh 3,174 75.2 3,255 82.9 <.0001
Eighth 3,969 75.2 2,440 83.2 <.0001

Tables 6 through 11 show the average vertical-smlees of all students who
took the test during that year. The Matched N Agergepresents the average vertical-
scale score for only those students who had a stadhe first and last years being
analyzed (Connecticut State Department of Educa®oh5). To determine the growth

over the course of the 3 years, the average freni$t year was subtracted from the
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average of the most recent year. This is the Matdth&rowth (Connecticut State
Department of Education, 2015).

In 2006, the cohort group was in Grade 6. In 200& students were in Grade 7.
In 2008, the students were in Grade 8. These weagesyprior to the intervention. This
cohort group had an average score of 521 in Grade &verage score of 544 in Grade 7,
and an average score of 561 in Grade 8. Tablewsstiwe average scale scores for each
grade level and the Matched N Average, as detedhbgehe Connecticut State
Department of Education (2015). By subtracting@rade 6 Matched N Average of 524
from the Grade 8 Matched N Average of 561, theltésa positive Matched N Growth

of 37. Therefore, there was some growth duringttme prior to the intervention.

Table 6

Average Vertical-Scale Scores, 2006-2008

Grade Year Average scale score Matched N average Matched N growth
Sixth 2006 521 524

Seventh 2007 544

Eighth 2008 558 561 37

In 2007, the cohort group was in Grade 6. In 2008 students were in Grade 7.
In 2009, the students were in Grade 8. These wWeoetlze years prior to the intervention.
This cohort group had an average score of 529 au&6, an average score of 550 in
Grade 7, and an average score of 564 in Gradele Tashows the average scale scores
for each grade level and the Matched N Averagégegsrmined by the Connecticut State
Department of Education (2015). By subtracting@nrade 6 Matched N Average of 535
from the Grade 8 Matched N Average of 566, theltésa positive Matched N Growth

of 31. Therefore, there was some growth duringtihie prior to the intervention.
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Table 7

Average Vertical-Scale Scores, 2007-2009

Grade Year Average scale score Matched N average Matched N growth
Sixth 2007 529 535

Seventh 2008 550

Eighth 2009 564 566 31

In 2008, the cohort group was in Grade 6. In 2008 students were in Grade 7.
In 2010, the students were in Grade 8. These wsodlze years prior to the intervention.
This cohort group had an average score of 530 au&6, an average score of 554 in
Grade 7, and an average score of 567 in Gradele B8ashows the average scale scores
for each grade level and the Matched N Averagégegsrmined by the Connecticut State
Department of Education (2015). By subtracting@rade 6 Matched N Average of 536
from the Grade 8 Matched N Average of 570, theltésa positive Matched N Growth

of 34. Therefore, there was growth during thesesypgor to the intervention.

Table 8

Average Vertical-Scale Scores, 2008-2010

Grade Year Average scale score Matched N average Matched N growth
Sixth 2008 530 536

Seventh 2009 554

Eighth 2010 567 570 34

In 2009, the cohort group was in Grade 6. In 2@1€ students were in Grade 7.
In 2011, the students were in Grade 8. In Gradlkesstudents participated in the
intervention for the first time. At each grade lg\tke teachers were teaching the
intervention for the first time. This cohort grobpd an average score of 539 in Grade 6,

an average score of 554 in Grade 7, and an avecage of 568 in Grade 8. Table 9
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shows the average scale scores for each gradealed¢he Matched N Average, as
determined by the Connecticut State Departmentot&tion (2015). By subtracting the
Grade 6 Matched N Average of 541 from the Gradeachkd N Average of 571, the
result is a positive Matched N Growth of 30. Theref there was growth during this

time period, which was the first year of the intawtion for each grade level.

Table 9

Average Vertical-Scale Scores, 2009-2011

Grade Year Average scale score Matched N average Matched N growth
Sixth 2009 539 541

Seventh 2010 554

Eighth 2011 568 571 30

In 2010, the cohort group was in Grade 6. In 2@i4 students were in Grade 7.
In 2012, the students were in Grade 8. Studentgpated in the intervention all 3
years, and teachers were all in their second ye@aohing the intervention. This cohort
group had an average score 541 in Grade 6, angevecare of 558 in Grade 7, and an
average score of 569 in Grade 8. Table 10 showaubeage scale scores for each grade
level and the Matched N Average, as determinedheyConnecticut State Department of
Education (2015). By subtracting the Grade 6 MaldieAverage of 544 from the Grade
8 Matched N Average of 572, the result is a posiMatched N Growth of 28. Therefore,
growth continued during this time period.

In 2011, the cohort group was in Grade 6. In 2@ students were in Grade 7.
In 2013, the students were in Grade 8. Studentgipated in the intervention all 3
years, and teachers were all in their third yedeathing the intervention. This cohort

group had an average score of 550 in Grade 6, enag® score of 563 in Grade 7, and an
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average score of 573 in Grade 8. Table 11 showaubeage scale scores for each grade
level and the Matched N Average, as determineddiyn€cticut State Department of

Education (2015). By subtracting the Grade 6 MaldieAverage of 552 from the Grade
8 Matched N Average of 577, the result is a posiMatched N Growth of 25. Therefore,

there was continued growth during this time period.

Table 10

Average Vertical-Scale Scores, 2010-2012

Grade Year Average scale score Matched N average Matched N growth
Sixth 2010 541 544

Seventh 2011 558

Eighth 2012 569 572 28

Table 11

Average Vertical-Scale Scores, 2011-2013

Grade Year Average scale score Matched N average Matched N growth
Sixth 2011 550 552

Seventh 2012 563

Eighth 2013 573 577 25

Table 12 shows the years before and after inteiw@rnthe average scale score for
each grade level and year, and the Matched N Grawthach year. Although the
Matched N Growth declined over the years, the aeeszale score for each grade level
increased. The average scale score for Grade 620@® to 2013 increased by 19 points,
and the average scale score for Grade 7 increes@d2006 to 2013 by 19 points. The
average scale score for Grade 8 from 2006 to 2@d@ased by 49 points. A pairetest
for statistical significance was performed to detiee whether the differences in the

Matched N Growth of students between the compassahtreatment groups were
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statistically significant. The results of the pdigampleg test indicated that the Matched
N Growth of students was significantly greater0&t for the comparison group than for
the treatment group= 2.8014 p = 0.0487.

Table 12

Average Scale Scores and Matched N Growth by Gradel, 2006-2013

Average scale scores

Years Grade 6 Grade 7 Grade 8 Matched N growth
2006 to 2008 521 544 524 37
2007 to 2009 529 550 564 31
2008 to 2010 530 554 567 34
2009 to 2011 539 554 568 30
2010 to 2012 541 558 569 28
2011 to 2013 550 563 573 25

The answer to Research Question 1 is that the mmeoiéation of a professional-
development intervention and a new mathematicsactum improved the mathematics
achievement of all students in Grades 6, 7, and B state standardized assessments.
However, the year-to-year growth of student perfomoe on the assessment did not
improve significantly after the mathematics intertien.

Resultsfor Resear ch Question 2

Did the implementation of a professional-develophietervention and a new
mathematics curriculum impact the mathematics aelnent of students in specific
populations in Grades 6, 7, and 8 at the targetlimisichools on the state standardized
assessments when compared to the mathematics aet@etof students prior to

implementation? According to the Connecticut SRépartment of Education (2008),
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specific populations are students who are Amerindian, Asian American, Hispanic,
African American, and White, as well as studenthwlisabilities, English-language
learners, and students who are economically disadgad. Each specific population is
counted in a school’s or district’s scores if thare 40 or more students of the specific
population in the grades tested.

For the urban district in this study, the followisgecific populations included 40
or more students in Grades 6, 7, and 8: African #cae, Hispanic, White, and Asian
American students, as well as special educatiatests, English-language learners, and
students who were economically disadvantaged. TEbEhows the percentage of sixth

graders in each subgroup who scored at or aboveiprd on the CMT in math.

Table 13

Percentage of Sixth Graders by Subgroup Scorindi¢ent on Math Assessment, 2006-2013

Comparison group Treatment group

Subgroup 2006 2007 2008 Mean 2009 2010 2012012 2013 Mean
African

American 40.0 62.2 64.2 554 62.8 70.9 67.677.8 76.7 71.2
Hispanic 62.8 65.9 69.6 66.1 771 75.6 982. 86.2 83.6 81.1
White 879 89.8 86.6 88.1 927 954  96.4959 97.0 95.5
Asian

American 87.3 84.3 96.2 89.3 96.9 97.0 97.095.5 97.1 96.7
ED 505 625 653 59.4 706 740 78.0 .782 80.7 77.2
SPED 24.0 27.0 26.5 25.8 62.1 54.2 63.970.0 67.4 63.5
ELL 43.3 38.6 44.7 42.2 485 51.2 61.863.0 62.9 57.5
Female 706 784 770 75.3 845 855 88.86.9 89.0 86.8
Male 69.8 75.6 78.2 74.5 79.8 827 85.890.8 88.3 85.5

Note ED = Economically disadvantaged. SPED = Spedatation. ELL = English-language learner.
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Table 14 shows the percentage of seventh gradesch subgroup who scored at
or above proficient on the CMT in maifable 15 shows the percentage of eighth graders

in each subgroup who scored at or above proficgarthe CMT in math.

Table 14

Percentage of Seventh Graders by Subgroup Scorioficient on Math Assessment, 2006-2013

Comparison group Treatment group

Subgroup 2006 2007 2008 2009 Mean 2010 2012012 2013 Mean
African

American 473 469 601 68.8 558 626 70.770.6  65.9 67.5
Hispanic 59.6 609 68.0 71.5 650 73.0 573.816 782 76.6
White 87.2 88.5 90.5 91.7 895 920 94.095.0 94.3 93.8
Asian

American 83.1 85.9 88.6 94.4 88.0 954 95.796.8 95.5 95.9
ED 515 52.6 64.3 66.8 58.8 67.5 70.3 .078 724 72.1
SPED 31.0 24.5 32.7 50.9 348 585 51.150.0 47.5 51.8
ELL 40.0 34.2 50.5 37.8 40.6 426 36.153.7 43.7 44.0
Female 71.4 73.8 80.0 79.1 76.1 827 81.86.8 82.0 83.3
Male 703 69.7 753 82.7 745 782 83.485.9 829 82.6

Note ED = Economically disadvantaged. SPED = Spediatation. ELL = English-language learner.

Fisher’s exact test of independence was performeltermine the statistical
significance of the differences in achievementtfar students in the specific populations
for both the comparison and treatment groups ih gaade (see Appendix C). The
Fisher’s exact test indicated that the differengere statistically significant for Grade 6
students in all of the specific populations stugdeatt the treatment groups outperformed
the comparison groups. The Fisher’s exact testateld that the differences were

statistically significant for Grade 7 students linohthe specific populations studied, and
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the treatment groups outperformed the comparisoups;, except for special education
students and English-language learners. The Fsbgdct test indicated that the
differences were statistically significant for Gea8l students in all of the specific
populations studied, and the treatment groups diatpeed the comparison groups,

except for English-language learners.

Table 15

Percentage of Eighth Graders by Subgroup Scorirgfi€ient on Math Assessment, 2006-2013

Comparison group Treatment group

Subgroup 2006 2007 2008 2009 2010 Mean 2012012 2013 Mean
African

American 43.0 490 496 60.7 671 539 619725 727 69.0
Hispanic 596 609 68.0 71.5 65.0 73.0 573.816 782 76.6
White 61.4 64.6 62.4 72.0 73.1 66.7 74.375.5 95.5 94.3
Asian

American 91.7 82.3 90.6 93.9 95.7 90.8 92.92.8 924 92.7
ED 54.2 56.1 55.2 67.5 67.8 57.7 67.6 873 76.2 72.5
SPED 33.0 345 235 50.0 446 371 74%24 600 62.3
ELL 41.0 463 353 42.4 342 398 35.246.2 485 42.1
Female 69.8 726 727 82.3 782 751 83.83.6 85.6 84.1
Male 71.4 73.2 72.8 77.7 828 75.6 78.883.0 85.3 824

Note ED = Economically disadvantaged. SPED = Spediatation. ELL = English-language learner.
As shown in Tables 16 and 17, the Fisher’'s exattakeindependence indicated
that a statistically significant achievement gastex between White students and both
African American and Hispanic students before impatation of the CMP2
intervention and persisted after implementatiothefcurriculum. White students

outperformed both groups.
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Results of Test for Significant Differences in Rieht Scores for African American and White Staslen

African American White
Grade No. % No. % p
Preimplementation
Sixth 373 55 1,208 88 <.0001
Seventh 500 56 1,657 89 <.0001
Eighth 612 54 2,319 89 <.0001
Postimplementation
Sixth 681 71 1,890 96 <.0001
Seventh 525 67 1,468 94 <.0001
Eighth 390 76 1,115 95 <.0001
Table 17
Results of Test for Significant Differences in Rieht Scores for Hispanic and White Students
Hispanic Wehi
Grade No. % No. % p
Preimplementation
Sixth 601 66 1,208 88 <.0001
Seventh 786 65 1,657 89 <.0001
Eighth 1,000 67 2,319 89 < D00
Postimplementation
Sixth 1,275 81 1,890 96 < .000
Seventh 996 77 1,468 94 <.0001
Eighth 749 76 1,115 95 <.0001

As indicated by the data in Appendix D, there wasnall reduction in the

achievement gap for African American and Hispatucents. Table 18 shows that the

Fisher’s exact test of independence indicateddlstatistically significant achievement

gap existed between economically disadvantage@ésts@dnd all students before

implementation of CMP2 and persisted after impletaigon of the curriculum. All
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students outperformed economically disadvantagetests. However, as indicated by
the data in Appendix E, there was a small redugtidhe achievement gap for

economically disadvantaged students.

Table 18

Results of Test for Significant Differences in Rieht Scores for Economically Disadvantaged and Al
Students

Economically

disadvantaged students All stuslent
Grade No. % No. % p
Preimplementation
Sixth 783 59 2,352 74 <.0001
Seventh 1,026 59 3,174 75 <.0001
Eighth 1,290 60 3,969 75 0801
Postimplementation
Sixth 1,789 76 4,123 85 <000
Seventh 1,381 72 3,255 83 <.0001
Eighth 1,001 73 2,440 83 <.0001

The answer to Research Question 2 is that the mmeoiéation of a professional-
development intervention and a new mathematicsactum improved the mathematics
achievement of most students in specific populatiorGrades 6, 7, and 8 on the state
standardized assessments. However, special edusatidents in Grade 7 and English-
language learners in Grades 7 and 8 did not experienproved achievement.

Resultsfor Resear ch Question 3

What are teachers’ perceptions of the CMP2 progradithe professional
development provided? An anonymous questionnakia@seachers their opinions
about the professional development was given th eaddle school mathematics teacher
during the last professional development sessidheofirst year of implementation. Ten

sixth-grade teachers responded to the questionimatine spring of 2009. The
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guestionnaire data showed that the majority (80Rthe Grade 6 teachers were members
of the Middle School Mathematics Curriculum Comeett This committee was

composed of a group of teachers from the schotiaisvho work to develop district-

wide assessments and curricular pacing guidedéodistrict. Eighty percent of the

Grade 6 teachers strongly agreed or agreed thaintleeint of professional development
they received was just right. Also, the resultthef aggregated answers recorded in Table
19 indicate that 90% of respondents believed tiaptofessional development was

helpful to them and helped them grow as educators.

Table 19

Responses of Sixth-Grade Teachers Regarding tHed2ional Development and Math Program

SAorA D or SD NR

Statement No. % No.% No. %

1. The professional development | received sotfiarytear
has been helpful to me in implementing the starslaeted 9 90 1 10 00
math program.

2. I have changed some of my instructional strategnd
approach based on the professional developmenel tezeived. 8 80 1 10 1 10

3. The professional development provided to meytbé has
allowed me to grow as an educator. 9 90 1 10 0 0

4.1 have seen an increase in students’ use of weatbulary
in my class. 9 90 1 10 0 0

5. I have seen an increase in the amount of matteaha
communication and explanation students exhibit,tireverbal 8 80 2 20 0 0
or written, in my class this year.

6. | have seen an increase in my students’ willisgrand ability
to work together in my class this year. 9 90 1 10 0 0

7. The curriculum provides a consistent, coheraamd, rigorous
curriculum compared to curriculum in previous years 6 60 1 10 3 30

8. | believe that the implementation of a standdrased program
will become easier each year | implement it. 990 1 10 0 0

Note SA = Strongly agree. A = Agree. D = Disagree.=S8trongly disagree. NR = No response.

Grade 6 teachers also responded positively tantipact that the professional-



69

development program had on their students. Gradadhers (90%) strongly agreed or
agreed that they had seen an increase in the ambmathematics vocabulary that their
students were using and in the students’ willingreesd ability to work together.
Furthermore, the Grade 6 teachers (80%) strongleaigor agreed they saw an increase
in students’ mathematical communication, both viealba in writing. Regarding the
Grade 6 curriculum, 60% of Grade 6 teachers resgbtitht they strongly agreed or
agreed that the grade-level curriculum was consist®herent, and rigorous compared
to curriculum in previous years.

The questionnaire was completed by 13 seventh-deadders in the spring of
2010. The questionnaire data show that more thae tuarters of the Grade 7 teachers
(77%) were members of the Middle School MathemaZiggiculum Committee. Ninety-
two percent of the Grade 7 teachers strongly agseaegreed that the amount of
professional development they received was just agd, as shown in Table 20, 100%
of the Grade 7 teachers strongly agreed or agregdhe professional development was
helpful to them and helped them grow as educators.

Grade 7 teachers also responded positively tanipact that the professional-
development program had on their students. All &rateachers strongly agreed or
agreed that they had seen an increase in the ambmathematics vocabulary that their
students were using and an increase in student@ematical communication, both
verbal and in writing. Moreover, Grade 7 teach8&9) strongly agreed or agreed that
they saw an increase in their students’ willingreass ability to work together.
Regarding the Grade 7 curriculum, 85% of Gradeaghers strongly agreed or agreed
that the grade level curriculum was consistenteoatit, and rigorous compared to

curriculum in previous years.
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Table 20

Responses of Seventh-Grade Teachers Regardingdfessional Development and Math Program

SAorA D or SD NR

Statement No. % No.% No. %

1. The professional development | received sotfiarytear
has been helpful to me in implementing the starsthatsed 13 100 0 0 0 0
math program.

2. I have changed some of my instructional strategnd
approach based on the professional developmentel trezeived. 13 100 0 0 0 0

3. The professional development provided to meybis has
allowed me to grow as an educator. 13 100 0 0 0 0

4. | have seen an increase in students’ use of weaibulary
in my class. 13 100 O 0 0 0

5. I have seen an increase in the amount of matieaha
communication and explanation students exhibit,thwreverbal 13 100 00 0 0
or written, in my class this year.

6. | have seen an increase in my students’ willasgrand ability
to work together in my class this year. 12 92 1 8 00

7. The curriculum provides a consistent, coheraamd, rigorous
curriculum compared to curriculum in previous years 11 85 2 15 0 0

8. | believe that the implementation of a standdralsed program
will become easier each year | implement it. 13 100 0 0 0 0

Note SA = Strongly agree. A = Agree. D = Disagree.=SStrongly disagree. NR = No response.

The questionnaire was completed by 17 eighth-graaiehers in the spring of
2011. The data indicated that only 59% of the G&tiachers were members of the
Middle School Mathematics Curriculum Committee. YOh2% of the Grade 8 teachers
stated that the amount of professional developitientyear, 42 hours, was just right and
76% of the Grade 8 teachers stated that the anodymbfessional development was not
enough. However, as indicated in Table 21, 100%h@Grade 8 teachers strongly agreed
or agreed that the professional development hdlped implement the program, 94%
strongly agreed or agreed they had changed sotheioinstructional strategies and

approaches to teaching mathematics, and 88% syraggted or agreed that the
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professional development helped them grow as edrgcat

Table 21

Responses of Eighth-Grade Teachers Regarding thie$sional Development and Math Program

SAorA D or SD NR

Statement No. % No.% No. %

1. The professional development | received sotfiarytear
has been helpful to me in implementing the starstaated 17 100 0 0 0 0
math program.

2. I have changed some of my instructional strateghd
approach based on the professional developmenel trezeived. 16 94 1 6 0 0

3. The professional development provided to meyb&s has
allowed me to grow as an educator. 15 88 2 12 0 0

4. | have seen an increase in students’ use of weaibulary
in my class. 16 94 0 0 1 6

5. I have seen an increase in the amount of matieaha
communication and explanation students exhibit,thwreverbal 14 82 221 1 6
or written, in my class this year.

6. | have seen an increase in my students’ willasgrand ability
to work together in my class this year. 14 82 2 12 16

7. The curriculum provides a consistent, coheramd, rigorous
curriculum compared to curriculum in previous years 15 88 2 12 0 0

8. | believe that the implementation of a standdralsed program
will become easier each year | implement it. 17 100 0 0 0 0

Note SA = Strongly agree. A = Agree. D = Disagree.=SStrongly disagree. NR = No response.

Grade 8 teachers also responded positively taipact this program had on their
students. Grade 8 teachers strongly agreed ordgraethey had seen an increase in the
amount of mathematics vocabulary their studentewsimg (94%). Moreover, Grade 8
teachers (82%) indicated that they saw an incrigageeir students’ willingness and
ability to work together and an increase in stuslemiathematical communication, both
verbal and in writing. Regarding the Grade 8 cuittim, 88% of Grade 8 teachers
strongly agreed or agreed that the grade levelotum was consistent, coherent, and

rigorous when compared to curriculum in previouarge
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The answer to Research Question 3 is that, alththagle were some differences
in the teachers’ perceptions regarding the amouptaessional development they were
offered, they indicated that the professional depedent they did receive improved their
practice. The teachers also believed that theitestis benefited from the implementation

of the CMP2 program.
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Chapter 5: Discussion

Overview of the Study

The problem addressed in this study was that itveagssary to assess the
efficacy of a program implemented to improve thehaenatics skills of middle school
students in the target school district. The progrist implemented in the 2008-2009
school year for Grade 6, 2009-2010 in Grade 7,281id-2011 in Grade 8, was
implemented because the scores on the state ass#ssdicated that not all middle
school students in an urban school district hadktfusviedge and skills needed to be
mathematically proficient. Three years of data (Spring 2006, Spring 2007, and Spring
2008) from the fourth-generation CMT in mathematarsthe five target middle schools
in the district indicated that there were only tsubgroups (i.e., Asian American and
White) for which over 80% of students achievedhatproficient level of Level 3 or
above (Connecticut State Department of EducatiOh3p

According to Hayes (2010), there are five levelg/hich students are able to
achieve for the state mastery test: advanced €xeeptional content knowledge), goal
(i.e., extensive content knowledge), proficierg.(iadequate content knowledge), basic
(i.e., partially developed content knowledge), detbw basic (i.e., limited content
knowledge). In an effort to address the levels athmmatics achievement on the state
tests, an intervention (i.e., CMP2, a problem-caateurriculum)and a professional
development program for teachers were implemented.

The purpose of this study was to determine theafi of the CMP2 at the sixth-,
seventh-, and eighth-grade levels. It was impot@aimprove students’ mathematics
skills because research indicates that matheméaticavledge impacts success in college,

early career earnings, and growth for later eas{i&gegler et al., 2012). The National
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Council of Teachers of Mathematics (2004) stated tathematical skills are needed not
only for employment, but also for activities in eyeay life, such as making decisions
about purchases and health insurance, as wellagipl for retirement.

The patrticipants in this study were 10 sixth-gradgh teachers, 13 seventh-grade
math teachers, and 17 eighth-grade math teachersmyiemented the intervention and
participated in the professional development. Alidio middle school student data were
gathered and analyzed, they were retrospectivdedgfied data; therefore, the students
were not active participants in this study. An estgfacto, quasi-experimental approach
with an interrupted time-series design was usexhtwer Research Questions 1 and 2.
Regarding the impact of the intervention on thehmatatics achievement of students, the
treatment group was composed of those studentdaahkahe state standardized
mathematics assessments after the implementatithre afitervention.

For Grade 6 students, the assessment data aftetenesntion were collected
beginning in the spring of 2009. For Grade 7 sttg&lehe assessment data after the
intervention were collected beginning in the spm@010. For Grade 8 students, the
assessment data after the intervention were cetldmtginning in the spring of 2011.
Data were collected through the spring of 2013. d¢sessment data for the treatment
group of students was compared to the assessntanfiodéhe comparison group of
students who completed the state standardized matles assessments before the
implementation of the intervention.

All middle school mathematics teachers from thgaaurban district were
involved in the training and implementation of BIP2 program. To learn to teach the
new mathematics program, middle school mathemtgarshers in the five target middle

schools in the district participated in the profesal-development program and received



75

support. In the first year of implementation, tearshwere provided with 42 hours of
training in both content and pedagogy. After theaptetion of the first year of the
professional-development program, the participat&@ghers completed a questionnaire
to determine their perceptions of the implementatibthe intervention and their
perceived effectiveness of the intervention. Dutimg second year of implementation,
teachers were provided with 2 full days and 1 Half of classroom-embedded support
from a CMP2 consultant. The consultant modeledlessviewed lessons to provide
feedback, cotaught lessons with teachers, andged\specific examples of what
teachers should work on in order to teach the arogwith fidelity.

In order to ensure that the program was implemewttdfidelity, the program
was phased in beginning with the professional dgrekent and implementation of the
program for Grade 6 teachers. The Grade 6 teaghptemented the program beginning
in the 2008-2009 school year. Grade 7 teachersemmghted the program beginning in
the 2009-2010 school year. Grade 8 implementeg@ribgram beginning in the 2010-
2011 school year. An ex post facto, quasi-expertai@pproach with an interrupted
time-series design was used to gather data. Iniadgdihe middle school teachers who
participated in the professional development ferititervention completed a
guestionnaire to determine teachers’ perceptioiseoimplementation of the
intervention and their perceived effectivenesdefintervention.

Discussion of Results

Resear ch Question 1. Did the implementation of a professional-develepi
intervention and a new mathematics curriculum inhfiae mathematics achievement of
all students in Grades 6, 7, and 8 at the targetlimischools on the state standardized

assessments in the 2008-2009 to 2012-2013 schad yhen compared to the
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mathematics achievement of students prior to implgation? The results presented in
Chapter 4 showed that, overall, for all studentSiades 6, 7, and 8, there was an
increase in the mean percentage of students scatrihg proficient and above levels on
the state mathematics assessment when comparitrgateent and comparison groups
of students.

For Grade 6 students, this mean percentage grew 2% prior to the
intervention to 84.9% after the implementationtdd intervention. For Grade 7 students,
the mean percentage grew from 75.2% prior to ttervention to 82.95% after the
implementation of the intervention. For Grade &lIstuts, the mean percentage grew from
75.2% prior to the intervention to 83.2% after ittg@lementation of the intervention.
When Fisher’s exact test of independence was padoito determine statistical
significance of differences between the treatmadt@mparison groups in the
percentage of students achieving proficiency, éselts indicated that the differences
were statistically significant for students in thitee grades.

Additionally, the vertical-scale scores for the hehatics assessment for the
CMT showed that there was an increase in mathesnaticievement for students in all
grades as cohorts of students progressed from gragtade (Connecticut State
Department of Education, 2015). For each of the&gohorts beginning in the 2006-
2008 school year and ending in the 2011-2013 sofemnl, there was a Matched N
Growth ranging from 25 to 34 points. However, a@aéi test comparing the differences
between the matched N Growth of students in thepasison and treatment groups
indicated that the Matched N Growth of students sigsificantly greater for the
comparison group than for the treatment group.

The answer to Research Question 1 is that the mgitation of a professional-
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development intervention and a new mathematicsactum improved the mathematics
achievement of all students in Grades 6, 7, and ®e state standardized assessments.
However, the year-to-year growth of students’ peniance on the assessment did not
improve significantly after the mathematics intartien.

The positive effects of CMP2 found in the currenidy were consistent with the
findings from other studies. Monaghan (2013), stualy that included 3,346 middle
school students in 66 schools, found that studesitey CMP2 performed significantly
better on the Wisconsin Knowledge and Concepts knation (Wisconsin Department
of Public Instruction, 2014) than students usirgeoprograms. Additionally, Post et al.
(2008) studied the academic achievement of 1,4@@lnischool students in five school
districts in Minnesota over 3 years. Although thregearch included students using
CMP2 and another mathematics program, the resolts the study found that students
performed above the national mean for the problelvirey and open-ended subtest of
the Grade 9 Stanford Achievement Tests (Harcowat®&g Company, 1997).

Ellis, Kupczynski, Mundy, and Jones (2012) also pared the mathematics
achievement of Grade 6 and 7 students in two Tenddle schools using CMP with that
of students in five schools using other progranie fesearchers found that the students
in the CMP program in both grades outperformedesitglin the other programs on the
math portion of the Texas Assessment of KnowleageSkills (Texas Education
Agency, 2011). Ellis et al. maintained that thecgass of using the CMP program could
be due to the fact that it is a strong inquiry-loisestructional program in which students
are provided with time to investigate, discuss, ek through problems and also
because there is a robust teacher professionalegement program.

However, the favorable impact of the CMP2 interi@nts not supported by the
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results from some studies. The results from Magtial. (2012) in a study of 35 schools
implementing CMP2 in the mid-Atlantic region indied that the effect of the use CMP2
on student achievement on the Terra Nova CAT-2cBdsltiple Assessments Form
(CTB/McGraw-Hill, 2003) was not statistically sidicant, effect size = 0.03,=.777.
Tarr et al. (2008) had similar findings when thaydsed 2,533 students in 10 middle
schools. They found that there was not differeretgvben the results for students who
used CMP2 and those who did not on the norm-refexttest (i.e., the Terra Nova
survey). Additionally, Woodward and Brown (2006)fal that students using a
transitional mathematics program outperformed thvdse were using the first version of
CMP. In a review that assessed mathematics progi@lianan et al. (2009) suggested that
the negative effect size for the original versiélC™MP may have been because the
positive effects of the program were not assessed.

The lack of significant improvement in the vertigabwth trends of students in
the treatment group in the current study is nos@iant with the finding of Banilower
(2010) that 24 schools using CMP2 had a more pesifiowth trajectory than 25
matched schools using a traditional mathematicgrpra. Similarly, Cai, Nie, and Moyer
(2010) found that, overall, the rate of growth fr@rades 6 to 8 on open-ended tasks and
translation tasks for students who using CMP waisssically significantly larger than
that of students who were not using CMP. The 693PGtuidents in 25 classes
experienced higher mean gains in performance tBarstudents not using CMP on
guestions related to problem conceptual understgnds well as representing problem
situations (Cai, Wang, Moyer, Wang, & Nie, 2011).

Although the non-CMP curricula placed a strong eaggon computation and

equation-solving problems, there was no significhfierence between the two groups in
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these areas (Cai et al., 2011). The CMP curricuhatudes problems that are cognitively
more demanding (Moyer et al., 2011) and, as stat&hapter 2, the implementation of
these more demanding tasks is positively assocwitbdstudent achievement in
mathematics (Hiebert & Grouws, 2007). In a folloprto the Cai et al. (2010, 2011)
studies, Cai et al. (2013) found that 243 Gradstlidients who had used CMP in middle
school outperformed the non-CMP students on a grgghsk. The researchers
suggested that CMP students might be more likeittend to the mathematics of the
problem due to its real-life context.

Resear ch Question 2. Did the implementation of a professional-developtnen
intervention and a new mathematics curriculum impfae mathematics achievement of
students in specific populations in Grades 6, d,&at the target middle schools on the
state standardized assessments when comparedrt@mthematics achievement of
students prior to implementation? The data showatimost of the specific populations
at each grade level were positively impacted byirtiigementation of the CMP2
intervention. Fisher’s exact test of independertmed that the only groups for which
there was not a statistically significant differenc achievement between the treatment
and comparison groups were Grade 7 special eduacsttioents and Grade 7 and Grade 8
English-language learners.

For all other groups at all three grade levelsghveas a statistically significant
difference between the treatment and comparisompgréor the percent of students who
scored at or above proficient on the mathematic§ CRlirthermore, although the
achievement gap between White students and botbafAmerican and Hispanic
students was still statistically significant aft@plementation the CMP2 program in the

target school district, there was a small reduditiotihe achievement gap for each of the
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ethnic minorities.

The answer to Research Question 2 is that the mgi&ation of a professional-
development intervention and a new mathematicsatium did improve the
mathematics achievement on the state standardssegsment for most of the students in
specific populations in Grades 6, 7, and 8. Howesecial education students in Grade
7 and English-language learners in Grades 7 and 8ad experience improved
achievement. Furthermore, the achievement gap ketWéhite students and both
African American and Hispanic students, as weth&seconomic achievement gap
between economically disadvantaged students amstuaénts, although still significant,
were reduced.

The results from the current study do not supgertresearch from Durkin
(2005), who studied Grade 8 students in DelawarguSMP in the years from 1998 to
2004. Although Durkin’s results indicated that theger CMP was in use in a school
district, the greater the improvement of mean nratdtes assessment scores for African
American and special education students, there meesgatistically significant increases
in the percentage of students meeting the statelatd on the Delaware State Testing
Program assessment.

On the other hand, similar results regarding therawed mathematics
achievement of most of the students in specifiauattipns were reported by Vega and
Travis (2011), who found that a reform mathematigsiculum can have a positive
impact on certain student groups. Similar to tlsilts in this study, these researchers’
results showed that students who used a reformemettics program and were
economically disadvantaged or African American etfigrmed those students who did

not use a reform mathematics program. Howeverkenkie results in this study, Vega
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and Travis found that students with limited Englishguage skills who used a reform
mathematics program also outperformed studentsdichoot use a reform mathematics
program. The results were inconclusive for the oipecific student groups. This is
similar to what Hansen-Thomas (2009) determinechsida-Thomas found that, when a
teacher encouraged student dialogue in three gieitte CMP2 classes, English-language
learners had greater academic success than iresleswhich teachers predominantly
used modeling.

Moreover, Post et al. (2008) found that the higipestorming student groups in
their study using the mathematics program were &aan students, economically
disadvantaged students, and students whose figiidagge was not English. Bouck et al.
(2011) found that, in their research on the origusssion of CMP, the impact on
achievement for students with disabilities was natosive. Their recommendation was
that more research needs to be done on the insmatheeds of special education
students.

Cai et al. (2011) analyzed data from specific stadgoups using CMP2 and also
found that there was an improvement in mathematbgvement for specific student
groups. The findings were similar to what was foumthe current study. The researchers
determined that the use of CMP2 in the classrooptoned the mathematics
achievement for all ethnic groups for open-endsekiga@nd translation tasks. For these
two tasks, African American and Hispanic studeratd &t least as large a growth rate as
White students and, for computation and equatidvireptasks, Hispanic students’
growth was positive.

Additionally, research from Telese (2007), in adgtof Grade 6 students in six

Texas middle schools using CMP, showed similarltesOf the 1,250 students in the
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schools, 77% were Mexican American students. Thelteindicated that all students in
all schools experienced improved achievement, ardests in the school with the
highest percentage of students of low socioecongtaitis showed significant
improvement in achievement on mathematics asses$sniesese suggested that the
results indicated that CMP may have a positivecefba the mathematics skills of
students in ethnic and economically disadvantagedps.

In a randomized control trial study of the implenaion of CMP2 with 509
sixth-grade students in six schools, Eddy et &10& found that the achievement gap on
the state assessment between Latino students amd<lan students in the group using
CMP2 was less than for the non-CMP group. Eddy. stugigested that the CMP2
program may be able to reduce achievement gap betethnic minority students and
Caucasian students

Resear ch Question 3. What are teachers’ perceptions of the CMP2 progmadch
the professional development provided? An anonyngoestionnaire asking teachers
their opinions about the professional developmeag sompleted by each middle school
mathematics teacher during the last professionatldpment session of the first year of
implementation. Grade 6 teachers completed thetiquesire in the spring of 2009.
Grade 7 teachers completed the questionnaire isphieg of 2010. Grade 8 teachers
completed the questionnaire in the spring of 2011.

A smaller percentage of Grade 8 teachers (59%)@rade 7 (77%) and Grade 6
teachers (80%) were members of the Middle Schodh®&faatics Curriculum
Committee. Although it is unclear as to why Gradea8 less teacher representation on
the curriculum committee, one reason could be #tahe time of the implementation,

many of the Grade 8 mathematics teachers coacluets$ sifter school and were unable to
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commit time to the committee. Another reason cdddhat some of the teachers were
veteran teachers who were at the end of their tegdareers and may have been less
engaged in committee work.

In a classic work, Huberman (1993) suggested #tatdareer teachers may
disengage from professional activities. Also, Haayes (2005), who interviewed 14
teachers with more than 20 years of experienceyddbat some of them indicated they
had diminishing energy and were disinclined to supphange initiatives. Similarly,
when Masuda, Ebersole, and Barrett (2013) interete®6 teachers regarding their
receptiveness of professional learning initiativajough late-career teachers supported
continuous learning, they were dissatisfied witmpalsory professional-development
sessions that they considered not pertinent to waik.

Most teachers agreed that the training was heipfuhplementing the program,
helped them grow as educators, and also helped¢hange their instruction. Also, most
teachers in Grade 6 (80%) and Grade 7 (92%) agresitiongly agreed that the amount
of professional development was appropriate; howél&% of the Grade 8 teachers,
who had the same number of professional-develophmams as teachers in Grades 6 and
7, stated that it was not enough. Most of the GBatiachers at the time of the training
and implementation of the intervention were cegtifto teach kindergarten through
Grade 8 or Grades 7 through 12. Although it is eachs to why only Grade 8 teachers
felt that more professional development was neetiedpossible that one reason could
be that the use of the lesson stages in CMP2léwench, explore, summarize) was very
different from the way that most Grade 8 teachstslly taught Therefore, they felt that
more practice was needed.

Teachers’ positive perceptions of the CMP2 protessidevelopment are
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supported by a study conducted by Siew, Amir, ahdr@ (2015) to determine the
perceptions of 21 inservice and 25 preservice waalegarding professional
development for project-based science, technoleggineering, and mathematics
strategies. The results showed that teachers elithat they gained many ideas about
how to motivate students and encourage creativeldement. Additionally, Heck et al.
(2008) used a questionnaire to determine thatxtteneof teachers’ participation in
professional development positively impacted tBelf-efficacy concerning their content
knowledge and their readiness to implement thedstahbased program. Similarly, Patel
et al. (2012) found that teachers participating @MP2 professional-development
program increased their content knowledge, reagasiills, and problem-solving skills.

The favorable perceptions of the CMP2 professideaklopment found in this
study were supported by some of the findings oft®1{@015), who found that all
teachers reported that their practices changedesué of the professional development,
and the changes included the physical classroomcgmeent. The teachers believed that
students worked together better, which improved temmunication skills. On the
other hand, Smith found that the Grade 9 teachdrsat believe that the professional-
development program related to interactive learmiag effective, and the data showed
that there was no improvement in student achievéaf&r teachers participated in the
program. The achievement data from the Smith reba@arcontrary to the data analyzed
in this study; students in this study did showraprovement in academic achievement
overall and for some specific student groups.

There is strong research support for the positereekits of professional
development (Archibald et al., 2011; Learning Fady2011; Marsicano, Morrison,

Moomaw, Fite, & Kluesener, 2015; Podhajski et2009). According to Harris and Sass
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(2011), professional development for middle schnathematics teachers that is content
oriented has a positive effect on student achiemenitarris and Sass stated that these
positive effects are because of an increase exposuontent and not because of
pedagogical training.

McMeeking et al. (2012) were also able to show thate was a connection
between professional development of middle scheattiers and positive student
achievement. Moreover, in a study of 259 teache@Grades 4 and 5 and 184 teachers of
Grades 6 to 8 in their first 6 years of teachingnatthematics, Campbell et al. (2014)
found that teachers’ mathematical content and peglegl content knowledge was
statistically significantly positively related teuslent achievement in state mathematical
assessments. This research is also supported teasd Yoon (2009), who stated that
professional development must have a purpose astinalude both content and
pedagogy.

According to Martin et al. (2012), the professiodal’elopment recommended by
the CMP2 publishers and generally available toheescto implementing the program
consists of 5 days of professional developmenay&dluring the summer and 3 days
during the school year. These researchers alsedidtaat, if there are teachers who have
used CMP2 previously, these teachers mentor theonew. Otherwise, an additional day
of professional development is given during theostlyear for those new to the CMP2
program.

As noted in Chapter 1, the professional developraadtsupport for teachers in
the target school district exceeded these recomatemd. The professional development
for teachers implementing CMP2 consisted of a 2-inmtuoduction to CMP2 during the

spring prior to the year the program was implemeaiated then 6 hours of just-in-time
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training for each CMP2 book used during that fyesar of implementation. For the first
year of implementation, the total amount of proif@sal development for each
mathematics teacher implementing the program wdsodgs. This level of training may
have contributed to teachers’ instructional skiligl, as a consequence, helped increase
student achievement. Providing several days ofegsibnal development is supported by
Bonner (2006), who said that professional develogroannot just be a 1-day experience
if the expectation is that teachers will changepteetices within their classrooms. Slavin
(2013) also stated that professional developmeteaufhers needs to be continuous.

Weiss and Pasley (2009) stated that there shouleldober leaders to assist with
the professional development of teachers. Alsapraicg to Reinke, Stormont, Herman,
and Newcomer (2013), using coaches to supportdieisition of new instructional
skills of teachers is associated with increaseglitylof implementation and also positive
results for students. Without ongoing support, heas will more likely to stop using the
intervention. The teachers in the target schodtididhave in-class support from a
school-based mathematics coach and a consultanhadhexpertise in CMP2. The
coaches began assisting teachers in the 2007-2008ls/ear and continued through the
2012-2013 school year. Their full-time job was tpgort teachers’ instruction in the
classroom.

Beginning in the 2013-2014 school year, the coabeeame middle school
mathematics support specialists who spend halef time supporting teachers’
instruction in the classroom and the other halfkiay with struggling students. All the
mathematics coaches attended the professionalageweht with the teachers but also
had additional sessions designed for their spefe, which was to help teachers. The

mathematics coaches met for 6 hours in Augustr poithe school year, to learn how to
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support teachers with the program. They also meklydor 2 hours during the school
year with the curriculum associate for secondartheraatics to discuss challenges,
successes, and needs, as well as to provide suppmré another and learn about best
practices in mathematics. The use of mathematiashas to support teachers with the
implementation of CMP2 may also have contributetheoteachers’ positive perceptions
of CMP2 because they received individualized, ctams-embedded support.

Teachers in the target school district also respdmbsitively regarding the
impact of the CMP2 program on student skills. Mibxen 80% of teachers in each grade
level strongly agreed or agreed that they had @bsgegin increase in the use of
mathematics vocabulary by their students, an iser@athe amount of mathematical
communication and explanation (i.e., verbal ortenj, and an increase in students’
willingness and ability to work together. Commurica (i.e., verbal or written) and
collaboration (i.e., the ability to work togethare two important skills that are said to be
needed for the 21st century (Kyllonen, 2012; Lar&adviller, 2011).

According to the gquestionnaire responses, teacthéssades 7 and 8 (85% and
88%, respectively) believed that the curriculum@P2 for their grade level was
consistent, coherent, and rigorous when comparétetourriculum in previous years.
Only 60% of Grade 6 teachers agreed with this, 80%e Grade 6 teachers did not
provide an answer, and one sixth-grade teachegmisd. Grade 6 was the only level in
which some teachers did not respond to this staterfibe lack of responses and
disagreement may be related to the initial beliehany Grade 6 teachers that the CMP2
program was too difficult for students. Becausegtestionnaire was completed in the
first year of implementation, the teachers may Haeen unsure about the intervention.

Therefore, they may not have had a definitive apirfor this statement at that time.
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The findings in the study of CMP2 by Eddy et aD@8) are primarily consistent
with the positive perceptions of the program bytdechers in this study. The
researchers’ results indicated that the teachdiesvbd that these student skills were best
developed in the CMP2 program rather than theticawil program: (agonceptual
understanding, (b) mathematical problem solvingafplication to real life, (d)
communicating mathematical concepts, and (c) madliead reasoning. Only for
computational skills did the teachers believe thattraditional program was superior.

Martin et al. (2012) stated that the publisher MR2 recommended that students
should have 50 minutes of mathematics instructamheschool day in order to complete
all the units in the school year. The target schiistict altered the middle school
schedule to allow for 60 minutes of mathematictruasion per day to ensure that
teachers were able to cover all the materials sacg$o implement CMP2 with fidelity.
This was 50 minutes per week more than the timemeeended by the publisher. The
additional time the district allotted for the matintics classes could have contributed
teachers’ positive perceptions regarding CMP2 bsz#éeachers they had sufficient time
to teach the program.

Implications of Findings

The data gathered to answer the research questdinated that the
implementation of the CMP2 curriculum significandligd positively impacted the
mathematics skills of middle school students, de&cated by the number of students in
the treatment group who scored at or above profica the state mathematics
assessments. In addition, the teachers believe€MBR2 was having a positive effect on
students’ mathematics skills. Because of the gainsathematics achievement and

teachers’ perceptions, the target school disthoti&l continue to use the curriculum.
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The continued use of CMP2 and eventually the nesgign, CMP3, should help
students acquire the skills needed to meet commnstate standards for mathematics
(National Governors Association Center for BesttBeas and Council of Chief State
School Officers, 2010) and the skills needed fer2hst century. The Partnership for
21st-Century Learning (2011) stated that 21st-agrekills are “a broad set of
knowledge, skills, work habits, and character srtiat are believed by educators, school
reformers, college professors, employers, and stioele critically important to success
in today’s world” (p. 1).

Larson and Miller (2011) maintained that 21st-censkills are not something
new, should not be overlooked, and should be iraratpd into what is already being
taught. Additionally, Kyllonen (2012) argued thiaete is an overlap between the
common core state standards and 21st-century.sKilks Partnership for 21st-Century
Learning (2011) recommended that the adoptione@ttdmmon core state standards
should include not only the mastery of content,ddsib “critical thinking and problem
solving, collaboration, communication and creagivahd innovation” (p. 3).

The data gathered from the questionnaires shovatddberall, teachers were
satisfied with the professional-development tragrimey received to implement the
CMP2 curriculum. Therefore, the classroom coackungport provided to the teachers
should continue. Reinke et al. (2013) assertedalenefit of coaching support is that it
is differentiated to meet the specific needs ohdaacher. Moreover, new teachers
should participate in the same professional devety as the teachers who originally
implemented CMP2. Learning Forward (2011) indicate support for learning must be
sustained in order to establish deep-rooted changaefessional practice. The findings

of a research report compiled by Darling-Hammondl Rithardson (2009) revealed that
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effective professional development “is intensivegaing, and connected to practice;
focuses on the teaching and learning of specifidamic content; is connected to other
school initiatives; and builds strong working reaships among teachers” (p. 46).

The schedule for professional development usekdarCiMP2 intervention should
be repeated for the introduction of other progranaher academic areas and for CMP3,
which is the next version of the mathematics prograhe implementation should be
staggered by grade level, just-in-time trainingteEachers should be provided during the
first year of implementation, and coaches shoutvigle classroom support for teachers.
In addition, educators at the target school dissthould interview Grade 8 teachers to
determine why they believed the level of CMP2 psefenal development was
insufficient and if the teachers still believe thiady need additional professional
development sessions. Additional training couldhthe provided if needed, and the
information gained should be used to inform futorefessional learning for Grade 8
teachers. Campbell et al. (2014) argued, “If thenhis to improve student mathematics
achievement prior to high school in order to baildecessary base for students’ future
learning, then a key approach is to enhance the/leage of their teachers” (p. 421).

Although the intervention of the CMP2 curriculumgroved the overall
mathematics achievement of students in all threklaischool grades, it will be
important for the school district educators to depestrategies to enhance the
mathematics achievement of special education stsdieiGGrade 7 and English-language
learners in Grades 7 and 8. Because both of thes@ghad improved achievement after
CMP2 implementation in Grade 6 and special educaiodents experienced
improvement in Grade 8, it may be helpful to inigete whether there were varying

levels of program implementation at each gradell&lee U.S. Department of Education,



91

Office of Planning, Evaluation and Policy Developmdolicy and Program Studies
Service (2011) stated that it is not possible temheine if negative results are related to
program efficacy or inadequate implementation efgghogram unless implementation
fidelity is rigorously measured. Other researcherge also expressed this view (Bailey,
2010; Lewis, Barrett, Sugai, & Horner, 2010; Obigkdarris, Mutua, Rotatori, &
Algozzine, 2012; Rajan & Basch, 2012).

School district educators will also need to addteesexisting mathematics
achievement gap between the identified ethnic ntiyngroups and Caucasian groups, as
well as that between all students and economicigigdvantaged students, using
research-based interventions. Because researcdner$dund that these gaps are also a
persistent challenge at the state and nationaldé@nnecticut Commission on
Educational Achievement, 2010; National CenterHducation Statistics, 2014b; Van
den Bergh et al., 2010), researchers have foun@ gasitive effects for initiatives
addressing the issue (Strunk & McEachin, 2014).

Strunk and McEachin (2014) found that, when ecowattyi disadvantaged high
school students spent time participating in orgaghiactivities in schools and
communities, their mathematics achievement improvee achievement gap could be
diminished because this participation may act ssuee compensation for the
economically disadvantaged students. This is ingmbibecause, as suggested by the
Educational Opportunity Monitoring Project (201d¢hievement gaps between ethnic
groups may be partially attributed to socioeconomégjualities between the groups.
Strunk and McEachin found that California’s didtassistance and intervention teams of
experts, approved and financed by the state butaiad by school districts, were able

to initiate reforms that contributed to the redostof ethnic, socioeconomic, and
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language achievement gaps. These reforms werevadhie an environment of high-
stakes accountability.
Limitations

Generally, there are limitations to all researdt th ex post facto. According to
Gay et al. (2009), some of these limitations ar@as. The first limitation is that the
apparent cause-and-effect relationship may nothsg Wwseems; therefore, caution needs
to be exercised when interpreting the results isfrisearch. There could be other
reasons for the causal connection among the nmeilgliables. The change in the one
variable could actually be caused by another vigiabby something that was
unaccounted for (Gay et al., 2009). For examplstated earlier, the middle school
schedule was changed so that each academic claiOwainutes and there were
mathematics coaches in each middle school buildimgse task was to support teachers
with the implementation of CMP2.

Additionally, during the early years of implememndat four of the five middle
schools were involved in the Middle School Transfation initiative. In these four
middle schools, students were placed in two acaclgmups (i.e., college preparatory
and honors) compared to previous years when stsideee disaggregated in five
different levels by achievement and the lower lelatses were taught only elementary
mathematics concepts. The intent of this initiaties based on the belief that all
students can learn and, therefore, all studentsldhe learning grade level content with
any needed additional supports.

A second limitation for ex post facto researchunes lack of manipulation of the
independent variable by the researcher. Gall ¢2@ll4), Gay et al. (2009), and Leedy

and Ormrod (2005) warned that, because the resgailoles not manipulate the
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independent variable, the research is considemggestive because the causal links are
not as strong as determined with experimental reke&ay et al. stated that this lack of
randomization, manipulation, and control factorkeng difficult to establish cause-and-
effect relationships with any degree of confidertea. this type of research, the
participants in the group are already determineatitha research is retrospective.

On the other hand, an ex post facto design cantélee research. Johnson and
Christensen (2010) and Gerber, Marek, and Martid 12 stated that this design is
important and can make a contribution to the edocak research literature. Cohen et al.
(2000) agreed that this approach does suggesthsobauses or effects but does not
confirm causality. Additionally, Lodico et al. (20)Lstated that maturation is an internal
validity threat when using an interrupted time-sgniesearch approach because changes
in the participants may be due to “growth or maiarathat can occur in physical,
mental, or emotional functioning” (p. 244). Shaugssy, Zechmeister, and Zechmeister
(2014) maintained that any changes in the measurstiguments used and historical
events are also possible threats to the interdiaityeof the interrupted time series.

There are also limitations regarding the use ostjaenaires. Suter (2006) noted
that, because the participants are self-reportiregsurvey results are subject to
respondent bias. Creswell (2012) proposed thatvadsponse rate on the surveys could
be a serious limitation. Measurement and representarrors could, according to
Coughlan, Cronin, and Ryan (2009), be another ditian.

Recommendationsfor Future Research

As a governing state in the Smarter Balanced AssarsisConsortium (2014b),

Connecticut is involved in the development of timeaBter Balanced assessments

(Smarter Balanced Assessment Consortium, 2014&ngtish-language arts or literacy
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and mathematics, which are aligned to¢tbhenmon core state standards. Although these
new assessments were first completed by studef@saitles 3 to 8 and Grade 11 in the
spring of 2014, no data regarding student perfoomam the assessment were provided
to school districts. In the spring of 2015, howewtudents would again take the new
assessments and data would be provided to thelsdistrects in the summer. Therefore,
research will need to be conducted to see howntipdementation of CMP2, and the next
version, CMP3, will impact student achievementlmmnnew assessments and how the
new assessments will impact the implementatiom@imathematics curriculum.

Also, this study could be replicated in other sdlbstricts in the target state as
well as in other states and the results compar#abse in this study in order to
determine the generalizability of the findings imaaiety of settings. As suggested by
other researchers (Eddy et al., 2008; Shin e2@l3; Strunk & McEachin, 2014, will
be important that these studies examine the aamentgap between ethnic minority and
White students to gain information that may be use@duce the achievement gap.

Future research could also replicate the profeasidevelopment model used in
this study for the training of middle school matlatits teachers in both the CMP2 and
CMP3 curricula. The amount and duration of profasai development in this study was
beyond what was recommended by the publishersré&tgearch could be carried out to
determine if extended professional learning impsosteident achievement. Moreover, as
suggested by Reinke et al. (2013), additional rebea needed to investigate whether
sustained coaching, such as that available to ées@h this study, has a long-term effect
on teachers’ instructional skills. Lastly, futuesearch should be conducted to determine
if the model for professional development usedia study can transfer to other

academic areas and other grade levels.
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Demographics and Fisher’s Exact Test of Indepereléorc

Treatment and Comparison Groups

Item 1: Demographics

Comparison Group
2005-2006 2006-2007 2007-2008
N=1074 N=1040 N=1054
n % n % n %
Female 537 | 50 500 48 518§ 49
Male 537 | 50 540 52 536 51
Black/African 257 24 205 20 216 20
American
Hispanic/Latino 274 26 314 30 319 30
White/Caucasian 480 45 450 43 441 47
Asian 63 6 70 7 78 7
English Language 127 12 127 12 85 8
Learners
Free/Reduced Lunch 483 45 411 40 432 41
Eligible
Full Price Lunch 591 55 629 60 622 59
Special Education 96 9 100 10 102 10
Treatment Group
2008-2009 | 2009-2010 | 2010-2011| 2011-2012 2012-2013
N=945 N=978 N= 962- N=967 N=1004
n % | n | % n | % n | % n [ %
Gender
Female 459 49| 470 48 483 50 480 50 492 49
Male 486 51| 507 52| 479 50 487 50 51 51
Black/African 191 20 | 199 20| 182 19 194 20 189 19
American
Hispanic/Latino| 293 31| 320 33| 293 30 333 34 33p 33
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White/ 396 42 392 40| 419 44 369 38 408 40
Caucasian

Asian 65 7 67 7 66 7 67 7 68 7
English 103 11 82 8 68 7 100 10 89 9
Language

Learners

Free/Reduced 445 47 | 454 46 | 454 47 485 50 512 51
Lunch Eligible

Full Price 500 53 524 54| 508 53 482 50 49p 49
Lunch

Special 58 6 48 5 36 4 40 4 46 5
Education

Item 2: Fisher's Exact Test of Independence

Fisher's Exact Test of Independence for Grade @@&its for Specific Populations

C()(g]ggélysggv gg))up (Z‘I(;r&a’ tT& nlth rfzu F1)3) Fisher's Exact Test
N n % N n % p Significant

ﬁmg‘;gan 678 373 | 55 955 681 | 71 <0.000] Yes
Hispanic 907 601 66 1574 1275 41 <0.0001 Yes
White 1371 1208 | 88 1979 1890 g6  <0.0001L Yes
Arﬁjﬁé‘an 211 189 90 333 322 | 9 0.0013 Yes
SPED 298 77 26 228 144 | &3  <0.000 Yes
ELL 339 142 42 442 253 | 57  <0.0001 Yes
ED 1326 783 | 59 2350 1789| 7p  <0.000f Yes
Female 1555 1166 75 2384 2070 B7 <0.0001 Yes
Male 1613 1209 | 75 2472 2113 45 <0.00q1 Yes

Note.ED = economically disadvantaged; SPED = speciatation; ELL = English language learners
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Fisher's Exact Test of Independence for Grade d@&its for Specific Populations

mengew [ pemmomr | rorers b res
N n % N n % p Significant

ﬁmgﬁgan 893 500 56 779 525 | 6]  <0.0001 Yes
Hispanic 1204 786 65 1299 996 17 < 0.000 Yes
White 1854 1657 89 1566 1468 94 <0.001 Yes
Arﬁgﬁé‘aﬂ 271 239 88 265 254 | of 0.0013 Yes
SPED 292 102.2 35 201 104| 92 0.054] No

ELL 431 175 41 343 150 | 44  0.4201 No
ED 1750 1026 59 1918 1381 72 <0.000} Yes
Female 2088 1587 76 1933 1611 B3 <0.0091 Yes
Male 2135 1601 75 1989 1644| g3 <0.0001 Yes

Note.ED = economically disadvantaged; SPED = speciatation; ELL = English language learners

Fisher's Exact Test of Independence for Grade 8@its for Specific Populations

STy | pemeieor | s e
N n % N n % p Significant
ﬁmg‘j‘igan 1134 612 54 566 390 69| <o.0001 Yes
Hispanic 1497 1000 67 749 76 7711 <o0.00q1 Yes
White 2319 2071 89 1165 111 95|  <o0.00L Yes
A rﬁjﬁg‘aﬂ 322 293 91 205 190 93 0.0123 Yes
SPED 440 163 37 129 81 63|  <0.000 Yes
ELL 455 182 40 225 93 42 0.7406 No
ED 2141 1290 60 1380 1001 73| <o0.00q1 Yes
Female 2573 1930 75 1461 1220 84  <0.00p1 Yes
Male 2702 2054 76 1460 1219 85  <0.00q1 Yes

Note.ED = economically disadvantaged; SPED = speciatation; ELL = English language learners
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Teacher Questionnaire
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Teacher Questionnaire
My Professional Development
1. The professional development | received so farybas has been helpful to me in
implementing the standards-based math program.
Strongly Agree Agree Disagree Strongly Disagree
2. | have changed some of my instructional strategmesapproaches based on the
professional development received.
Strongly Agree Agree Disagree Strongly Disagree
3. The professional development provided to me thés,\ieas allowed me to grow

as an educator.

Strongly Agree Agree Disagree Strongly Disagree

4. 1 have seen an increase in students’ use of mathbudary in my class this year.
Strongly Agree Agree Disagree Strongly Disagree
5. I have seen an increase in the amount of matheshabenmunication and
explanation students exhibit, whether verbal ottemi, in my class this year.
Strongly Agree Agree Disagree Strongly Disagree
6. | have seen an increase in my students’ willingaeskability to work together in
my class this year
Strongly Agree Agree Disagree Strongly Disagree
7. The sixth grade curriculum provides a consistepitecent and rigorous
curriculum compared to the curriculum used in poasiyears.

Strongly Agree Agree Disagree Strongly Disagree
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8. I believe that the implementation of a standardsedgrogram will become
easier each year | implement it.

Strongly Agree Agree Disagree Strongly Disagree
9. I was a member of the MS Math Committee or | hawwided feedback to
members of the committee regarding the math cdumoplessons, assessments,
etc.
Yes No

10. The amount of professional development so faryeés has been:
Too Little Just Right Too Much

Additional comments:
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Appendix C

Results of Fisher's Exact Tests for Students incBipePopulations
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Grade 6
Co(r;gggysg; gg))uD (Z'I(')roega’ tT& nlth rfzu F1)3) Fisher's Exact Test
N n % N n % p Significant
Afcan | 678 373 55 955 es1| 71| <o0.000] Yes
Hispanic 907 601 66 1574 127% 8] <0.0001 Yes
White 1371 1208 88 1979 189 94 <0.0001L Yes
Arﬁgﬁé‘aﬂ 211 189 90 333 322| 97| 0.0013 Yes
SPED 298 77 26 228 144 63 <0.000L Yes
ELL 339 142 42 442 253 57 <0.0001 Yes
ED 1326 783 59 2350 1784 74 <0.000[L Yes
Female 1555 1166 75 2384 2070 8y <0.0001 Yes
Male 1613 1209 75 2472 211 85 <0.004q1 Yes

Note.ED = economically disadvantaged; SPED = speciatation; ELL = English language learners

Grade 7
Comparison Group Treatment Group . .
(2006, 07, 08, 09) (2010, 11, 12,13) Fisher's Exact Test
N n % N n % p Significant
African
American 893 500 56 779 525 67 <0.0001 Yes
Hispanic 1204 786 65 1299 996 77 <0.0001 Yes
White 1854 1657 89 1566 1464 94 <0.001 Yes
Asian 271 239 88 265 254 26 0.0013 Yes
American
SPED 292 102.2 35 201 104 52 0.0541 No
ELL 431 175 41 343 150 44 0.4201 No
ED 1750 1026 59 1918 1381 72 < 0.0001 Yes
Female 2088 1587 76 1933 16171 83 <0.00p1 Yes
Male 2135 1601 75 1989 1644 83 <0.0041 Yes

Note.ED = economically disadvantaged; SPED = speciatation; ELL = English language learners
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Grade 8
oo [ e oow | eners vt T
N n % N n % p Significant
ﬁmg‘j‘igan 1134 612 54 566 390 69| <o.0001 Yes
Hispanic 1497 1000 67 749 76 77 <0.0001 Yes
White 2319 2071 89 1165 1118 95 <0.001 Yes
Arﬁjﬁé‘aﬂ 322 293 91 205 190 93 0.0123 Yes
SPED 440 163 37 129 81 63 <0.000{L Yes
ELL 455 182 40 225 93 42 0.7406 No
ED 2141 1290 60 1380 1001 73|  <o0.00d1 Yes
Female 2573 1930 75 1461 1220 86 <0.00p1 Yes
Male 2702 2054 76 1460 1210 85|  <0.00q1 Yes

Note.ED = economically disadvantaged; SPED = speciatation; ELL = English language learners
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Appendix D

Changes in Ethnic Achievement Gap



121

Changes in Ethnic Achievement Gap

Preimplementation Postimplementation Differencengen
Preimplementation
and
Postimplementation
Specific | White | Difference | Specific | White | Difference Percentage
Groups | % in Groups | % In Points
% Percentage % Percentage
Points Point:
Grade 6
African 55 88 33 71 96 25 8
Americar
Hispanic 66 88 22 81 96 15 7
Grade 7
African 56 89 33 67 94 27 6
Americar
Hispanic 65 89 24 77 94 17 7
Grade 8
African 54 89 35 69 95 26 9
American
Hispanic 67 89 22 76 95 19 3
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Appendix E

Changes in Economic Achievement Gap



Changes in Economic Achievement Gap
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Preimplementation Postimplementation Differencen@en
Preimplementation
and
Postimplementatic
ED All Difference ED All Difference Percentage
Students f/[”dems in Students | Student In Points
% 0 Percentage % s Percentage
Point: % Point:
Grade 6 59 74 15 76 85 9 6
Grade 7 59 75 16 72 83 11 5
Grade 8 60 75 15 73 83 10 5




