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Abstract
This study was an investigation of mathematics instruction and professional development
at a rural elementary school. The Department of Education in a southern U.S. state
implemented a new curriculum in 2007 that required major changes in mathematics
instruction. The problems were that teachers engaged in different levels of training and
many students experienced a decline in mathematics scores on the Criterion-Referenced
Competency Test (CRCT). The historical learning theories of Piaget and Vygotsky
framed the study. The guiding questions focused on how to improve mathematics
instruction through professional development for teachers. Nine elementary school
educators served as purposefully selected participants. The research design was a case
study that included triangulation of data from teacher interviews, a research journal, and
documents such as lesson plans. Open coding and selective analysis generated 9 themes
and 9 subthemes to answer the guiding questions. Findings showed that participants
believed content and pedagogy should be addressed through professional development
led by teachers themselves. Additional findings were that teachers valued collaboration,
literature and research, observation, vertical alignment, engagement, relevance, and
support. Results were used to guide the design of a mathematics professional
development program (MPDP), a collection of relevant tasks, literature, and online
resources geared toward improving teachers’ content and pedagogical knowledge. The
MPDP is immediately applicable in an elementary school setting. The implications for
positive social change include better mathematics instruction that will prepare U.S.
students to compete in the modern economy and world of mathematical and scientific

advances.
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Section 1: The Problem
Introduction
Mathematics achievement of students in the United States requires serious
attention (National Council of Teachers of Mathematics [NCTM], 2000; 2009; National
Mathematics Advisory Panel [NMAP], 2008; Ysseldyke et al., 2003, p. 248). The lack of
student success in mathematics could be attributed to procedure oriented teaching
practices that have been observed in classrooms (Hiebert et al., 2005; Mann, 2006;
NCTM; NMAP; Stigler & Hiebert, 1999; Wallis & Steptoe, 2006). For many years,
mathematics instruction in typical U.S. classrooms has relied upon textbooks and
memorization (Caron, 2007; Farr, Tulley, & Powell, 1987, p. 59; Mann, 2006, p. 248;
Mtetwa & Garofalo, 1989; National Research Council, 1989; Patton, Fry, & Klages,
2008, p. 494; Stigler & Hiebert, 1999). Arithmetic has been a focus, and teachers have
insisted that students become proficient at computational procedures (Bottge, 2001;
Bransford, Brown, & Cocking, 1999; Desimone, Smith, Baker, & Ueno, 2005; Goldsmith
& Mark, 1999; Hiebert et al., 2005; Mann, 2006; Mortiboys, 1984; Mtetwa & Garofalo,
1989; Stigler & Hiebert, 1999; Timmerman, 2004). These practices have come to be
accepted throughout the United States, with many teachers and students developing a
view of mathematics in which rote memorization is the expected outcome (Caron, 2007;
Goldsmith & Mark, 1999; Mann, 2006, p. 249; Montague, 2003, p. 166; Mtetwa &
Garofalo, 1989).
Educational researchers in the United States have examined the teaching beliefs

and practices of mathematics educators in Japan (Desimone et al., 2005; Hiebert et al.,



2005; House, 2006; Stigler & Hiebert, 1999), because Japanese students typically
perform better than U.S. students on standardized mathematics tests (National Center for
Education Statistics, 2000, 2004, 2008). Experts have noted critical differences between
instructional philosophies and methods of mathematics teachers in the United States and
in Japan. In 2006, Georgia’s State Department of Education adopted a new mathematics
curriculum modeled after mathematics standards in Japan (Georgia Department of
Education, 2005b). Mathematics education reform efforts called for teachers to
implement a balanced approach for teaching mathematics, including a focus that includes
procedural fluency, conceptual understanding, and practical application (Greenberg &
Walsh, 2008; NCTM, 2000; NMAP, 2008).

Traditional pedagogical methods employed in U.S. classrooms send a message to
students that “mathematics does not make sense” (Timmerman, 2004, para. 4). Instead,
students may view mathematics as material that must be memorized. The focus on
procedures “discourage[s] understanding” (Bottge, 2001, para. 16). Instead of fostering
the notion that all students are capable of learning mathematical concepts (Schwartz,
2006, p. 50), procedure based teaching fosters the idea that only people with the ability to
memorize complex procedures can perform proficiently in mathematics (Dogan-Dunlap,
2007; Kamii & Lewis, 1993; Mtetwa & Garofalo, 1989; NCTM, 2000; Reinhart &
Timmerman, 2004; Timmerman, 2004).

Factors that may contribute to misunderstandings about mathematics are teacher
beliefs, attitudes, or perspectives about what mathematics is and how to best teach it.
Patton et al. (2008) and Schubring (2006, p. 675) found that teachers’ personal beliefs

about mathematics can directly affect their teaching practices, while Desimone et al.



(2005, p. 525) speculated that teacher education programs may not adequately prepare
prospective teachers to teach mathematics conceptually. Patton et al. found that a
significant number of U.S. preservice teachers believed that mathematics instruction
involves primarily delivering facts and procedures (p. 494), possibly because of their own
experiences as mathematics students. Timmerman (2004) examined the perspectives of
student teachers and discovered that many of them saw mastery of information as the
goal. A negative consequence associated with this idea is that teachers, after having
developed their own conceptual understandings of mathematical ideas, require students to
simply master skills (p. 486). Reinhart (2000) claimed that when teachers show students
the “shortcuts” (p. 57) in mathematics, they undermine the logic and reasoning that
encompasses the subject. In doing this, teachers can lead students to learn skills in
isolation without realizing that mathematics is logical (Bransford et al., 1999; Montague,
2003, p. 167; Reinhart, 2000; Timmerman, 2004, para. 4). Therefore, teachers’
perceptions of mathematics are important when examining student achievement.
Teachers’ emphasis on computation without context (Desimone et al., 2005;
Goldsmith & Mark, 1999; Hiebert et al., 2005; Mann, 2006, p. 249; Mortiboys, 1984;
Mtetwa & Garofalo, 1989; Stigler & Hiebert, 1999; Timmerman, 2004) has likely
contributed to the finding that many students lack the ability to apply procedures to solve
authentic problems (Chard et al., 2008, p. 17; Graeber, 2005, p. 356, Mann, 2006;
Mastriopieri, Scruggs, & Shiah, 1991). Bottge (2001) stated that in some cases, students’
natural thoughts about mathematics may be overpowered by the tendencies of teachers to
focus on heuristics. These methods are not enabling students to meet expectations on

standardized tests in mathematics (American Institutes for Research, 2005; Georgia



Department of Education, 2006, 2007a, 2008; National Center for Education Statistics,
2000, 2004, 2008; NMAP, 2008), which suggests a need for reform in the area of
mathematics education.

Definition of the Problem

Student achievement in mathematics at ABC Elementary School (a pseudonym)
decreased in 2007 and 2008 after Georgia’s state curriculum changed (Georgia
Department of Education, 2007a, 2008). ABC Elementary School is a rural school of
approximately 400 students in northwest Georgia. The student achievement problem was
exacerbated by teachers’ and administrators’ concerns about how to meet instructional
expectations with little or no prior training in teaching mathematics conceptually (A.
Ingram, personal communication, September 8, 2006; K. Gilstrap, personal
communication, September 10, 2006).

While the previous curriculum required students to learn a broad number of topics
at a somewhat shallow level, the new curriculum pushed students to learn fewer topics
with great depth and rigor (Georgia Department of Education, 2005b). In relation to
Bloom’s (1956) taxonomy of cognitive objectives, students needed to experience
mathematics at all six cognitive levels: knowledge, comprehension, application, analysis,
synthesis, and evaluation. For teachers, this meant that traditional methods of instruction
were no longer sufficient, as students must be able to demonstrate conceptual
understanding of mathematics topics instead of surface knowledge. They must be able to
apply mathematical ideas to solve authentic problems, rather than just use procedures to

demonstrate basic computational skills. Most importantly, teachers must understand how



to facilitate this type of learning within the classroom (Borko & Whitcomb, 2008;
NCTM, 2009; NMAP, 2008).

Additional facets of the problem included increased measures for accountability
(No Child Left Behind, 2001) and statewide concerns for appropriate teacher training
(Georgia Department of Education, 2007b). There was mounting pressure to achieve
success on standardized tests. The problem of low student achievement in mathematics
arose from a local context but is a problem that was observed at state, national, and
international levels (American Institutes for Research, 2005; Georgia Department of
Education, 2006, 2007a, 2008; National Center for Education Statistics, 2000, 2004,
2008; NMAP, 2008).

Rationale

According to the NMAP (2008, p. 2), teachers must possess their own knowledge
of concepts if they are expected to help students develop deep understanding. If teachers
do not know material, they cannot effectively teach it (Borko & Whitcomb, 2008;
NCTM, 2000). The ultimate goal of reform based mathematics instruction is an increase
in student achievement through better instruction. Before the increase can be expected,
however, teachers must become familiar with philosophies, research, and literature about
what constitutes effective mathematics instruction (Greenberg & Walsh, 2008; NCTM,
2000, 2009).

Georgia’s implementation of the Georgia Performance Standards (GPS) in 2006
and 2007 required major changes in the area of mathematics instruction. To effect these
changes, educators needed extensive support and professional development (Georgia

Department of Education, 2005b). The rationale for selecting this project study was that



teachers need appropriate professional development to meet new instructional
requirements in mathematics (Georgia Department of Education, 2005b; Greenberg &
Walsh, 2008). In this study, I responded to a problem in the state of Georgia, and more
locally in ABC Elementary School where I serve as a mathematics interventionist.

Teachers at ABC Elementary School engaged in differing levels of training in
2006, 2007, and 2008 related to the changes in mathematics (A. Ingram, personal
communication, September 8, 2006). Prior to the curriculum change, many teachers
relied heavily on their mathematics textbooks and led students through them, page by
page. For the most part, teachers taught mathematics skills in isolation, and required
students to work independently to solve equations. This was evidenced by archived
lesson plans and confirmed through personal communication with the school principal.
Teachers were continuing the pattern of teaching mathematics the way they learned
mathematics, a common pattern of mathematics instruction in the United States (Mann,
2006).

After the curriculum change, in 2006, school and district leaders insisted that
teachers modify their instruction (C. Cobb, personal communication, September 1, 2006).
Administrators mandated that teachers adopt an entirely student centered approach for
teaching mathematics. Teachers were not allowed to use textbooks for instruction, as
administrators felt they needed to move away from a textbook approach in order to teach
mathematics conceptually (A. Ingram, personal communication, August 1, 2006; K.
Gilstrap, personal communication, August 1, 2006). During the course of the 2006-07
school year, teachers implemented a completely new style of mathematics instruction.

These actions contrasted with findings by Marsigit (2007, p. 143) that suggested



educators must be given adequate time to learn new models of teaching. Some teachers
completed a book study focused on conceptual mathematics, and others attended
professional development workshops to increase their understanding. However, there
were still many concerns about the changes in instructional expectations.

Data from student test scores demonstrated that the strict student centered
approach imposed by ABC Elementary School District was not effective for all students
(Georgia Department of Education, 2008). Findings from the NMAP (2008) claimed that
research does not support a call for instruction to be completely “student-centered” (p.
xxii) or “teacher-directed” (p. xxii), but that it should include a balance of pedagogical
methods. School administrators acknowledged that teachers needed additional training to
implement instructional practices that coincided with the state’s change in curriculum (A.
Ingram, personal communication, May 4, 2007).

Research is needed in the areas of mathematics instruction and professional
development so that it can be used to address the problem of low student achievement in
mathematics (Greenberg & Walsh, 2008; NCTM, 2009; NMAP, 2008). The increasing
call for teacher accountability and more pressure to improve student learning (No Child
Left Behind, 2001) made change even more imperative. The following subsections
support the rationale for this study with evidence of the problem at the local level, as well
as through professional literature.

Evidence of the Problem at the Local Level

Evidence of the problem was measured by the Criterion-Referenced Competency

Test (CRCT) and the Standards Assessment Inventory (SAI). The CRCT results provided

student achievement data in school, district, and state contexts. The SAI conveyed data



that involved teacher concerns for better professional development. Each instrument is
subsequently described and related to the problem of this study.

The CRCT is an instrument used in Georgia to assess students’ understandings of
reading, language arts, mathematics, science, and social studies. The Georgia Department
of Education established validity and reliability for the CRCT (Georgia Department of
Education, 2001). For the purposes of this project study, only data from the mathematics
portion were reported. These data are classified as public data and were compiled from
several documents within the Georgia Department of Education Web site (Georgia
Department of Education, 2004, 2005a, 2006, 2007a, 2008). The first table provides an
overview of data for comparison, and the three subsequent tables provide a narrower
view of student achievement progressing from state to district to school success rates.

Table 1 provides an overview of the percentage of students who met the minimum
requirements on the mathematics portion of the CRCT during the past 5 years within
ABC Elementary School, ABC Elementary School District, and across the state of
Georgia. School and district data were not available for 2004 and 2005. The numbers of
students who passed the test declined sharply in 2007 in Grades 1 and 2 compared to the
previous 3 years, as this was the first year that students were tested based on the GPS.
Students did make gains after the second year of a new curriculum, but scores still fell
below the percentage of students who passed during the years before the curriculum
changed. The same decline occurred for students in Grades 3, 4, and 5 in 2008 when they
were tested according to Georgia’s new curriculum. Significant declines in student

achievement suggested a need for improvement in this area.



Table 1

Percentage of Students Who Passed CRCT Mathematics 2004-2008 in the State of
Georgia, ABC Elementary School District, and ABC Elementary School

2004 2005 2006 2007 2008

ST ST ST DI SC ST DI SC ST DI SC
Grade 1 90 &9 9 93 94 82 84 70 86 88 84
Grade 2 87 88 &8 93 90 81 8 8 8 88 87
Grade 3 90 &9 91 93 93 9 94 98 71 72 73
Grade 4 76 75 79 &7 8 79 79 74 70 T4 63
Grade 5 74 87 89 89 92 88 90 95 72 72 67

Note. ST=State, DI=District, and SC=School. District and School data were unavailable
for the years 2004 and 2005.

Table 2 shows how student test scores across the entire state of Georgia declined
at every grade level in the year immediately following the curriculum change, 2007 for
Grades 1 and 2 and 2008 for Grades 3, 4, and 5. Numbers in Table 2 indicate percentage
of students who met minimum requirements on the mathematics portion of the CRCT.
Data suggested a need for improvement throughout the state of Georgia, although scores
most likely reflect the newness of the standards and the test based on those standards.
One can assume that teachers need more support so that they can meet expectations set
by new curriculum and requirements mandated by NCLB (2001) legislation.

Table 2

State of Georgia CRCT Mathematics Student Achievement

Grade 1 Grade 2 Grade 3 Grade 4 Grade 5
Before
Curriculum 90% 87% 90% 79% 88%
Change
After
Curriculum 82% 81% 71% 70% 72%
Change
Decline in
Student -8% -6% -19% -9% -16%

Achievement
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Table 3 shows how student test scores within ABC Elementary School District
declined at every grade level in the year immediately following the curriculum change,
2007 for Grades 1 and 2 and 2008 for Grades 3, 4, and 5. This could be explained by
acknowledging that both teachers and students usually need time to adjust to a new
curriculum, along with a new test. Ideally, however, students would achieve the same or
better successes with the new curriculum than they achieved before the curriculum and
CRCT changed.

Table 3

ABC Elementary School District CRCT Mathematics Student Achievement

Grade 1 Grade 2 Grade 3 Grade 4 Grade 5

Before

Curriculum 93% 93% 94% 79% 90%
Change

After

Curriculum 84% 88% 72% 74% 72%
Change

Decline in
Student -9% -5% -22% -5% -18%
Achievement

Table 4 shows how student test scores within ABC Elementary School declined at
every grade level in the year immediately following the curriculum change, 2007 for
Grades 1 and 2 and 2008 for Grades 3, 4, and 5. There is a disparity between the decline
in Grades 3 and 5 and the decline in Grades 1, 2, and 4 at state, district, and school levels.
This could be attributed to the quality of instruction at those grade levels; but, the fact
that the phenomenon occurred consistently throughout the school, district, and across the
state of Georgia indicates that another explanation is more likely. Although there are no

concrete data to confirm this speculation, the discrepancies in test scores could indicate
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that the test did not accurately reflect the curriculum at Grades 3 and 5. Standards and test
items at all grade levels have been revised annually since testing began in 2007 and 2008.
Table 4

ABC Elementary School CRCT Mathematics Student Achievement

Grade 1 Grade 2 Grade 3 Grade 4 Grade 5

Before

Curriculum 94% 90% 98% 74% 95%
Change

After

Curriculum 70% 81% 73% 63% 67%
Change

Decline in
Student -24% -9% -25% -11% -28%
Achievement

Data demonstrated the need for improvement in the area of mathematics within
the local context and indicated the more widespread problem of low mathematics
achievement throughout the state of Georgia. At ABC Elementary School, the problem is
supported by teacher concern for appropriate training in conceptual mathematics
instruction. The facet of the problem that involves teachers’ concerns was derived
primarily through personal communication, but was also confirmed through a
professional development survey completed by teachers after the curriculum changed.

Evidence of teacher concern for professional development was measured by the
Standards Assessment Inventory (SAI). The SAI is an instrument developed by the
Southwest Educational Development Laboratory, which worked in conjunction with
members of the National Staff Development Council (NSDC). It is a 60-item
questionnaire designed to help educational leaders assess the degrees of alignment

between schools’ professional development plans and the NSDC Standards for
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Professional Development. Items included on the SAI cover 12 areas of professional
development: learning communities, leadership, resources, data driven decisions,
evaluation, research based practices, design, learning, collaboration, equity, quality
teaching, and family involvement. Reliability and validity were established for the SAI
(NSDC, 2009). Educational leaders use results of the SAI both to evaluate past
professional learning programs and to plan for future opportunities.

At ABC Elementary School, teachers and administrators completed the
questionnaire in 2007 after the curriculum changed, and results indicated a strong desire
for professional collaboration. Since the entire intended population (all teachers who
taught mathematics during the 2006-2007 school year) took the survey, results did not
have to be generalized from a small sample. Teachers also voiced concerns informally at
faculty meetings and various committee meetings (A. Ingram, personal communication,
September 8, 2006; K. Gilstrap, personal communication, September 10, 2006). Before
the curriculum change in 2006 and 2007, there had been no schoolwide professional
development for ABC Elementary School teachers in the area of mathematics for at least
ten years (A. Ingram, personal communication, October 1, 2006). According to the
school principal, the differences in classroom lesson delivery were as great within grade
levels as across them. Essentially, each teacher determined his or her own method of
teaching mathematics, and most relied upon textbooks for daily instruction. These factors
led to teacher concerns when instructional expectations changed.

Evidence of the Problem From the Professional Literature
This section focuses on evidence of the mathematics student achievement

problem from educational research literature. Students at ABC Elementary School
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performed lower than students from some other schools within the district (Georgia
Department of Education, 2004, 2005a, 2006, 2007a, 2008). Students within the state of
Georgia performed lower than students in several other states in the United States
(American Institutes for Research, 2005; National Center for Education Statistics, 2007;
NMAP, 2008), and students within the United States performed lower than students from
several other countries throughout the world (National Center for Education Statistics,
2000, 2004, 2008). However, substandard mathematics achievement was not unique to
ABC Elementary School District or to the state of Georgia. A majority of low income
students in the United States have not met academic standards in mathematics (Ysseldyke
et al., 2003, p. 247).

Past national and international standardized test results suggest that mathematics
achievement has been a long standing problem for students in the United States, although
some experts question the accuracy of these findings (Berliner & Biddle, 1995; Bracey,
2000, 2003, 2009; Holliday & Holliday, 2003). In 1992, the National Assessment of
Educational Progress (NAEP) results indicated that 41% of high school seniors could not
solve multistep word problems (Office of Educational Research and Improvement, 1992).
Problems that involved tasks more complex than whole number operations stumped U.S.
12th-graders. In 1995, the Third International Mathematics and Science Study (TIMSS)
demonstrated that students from 16 foreign countries scored higher in mathematics than
U.S. eighth-graders (National Center for Education Statistics, 2004). When researchers
administered the TIMSS in 1999 and 2003, students in fourth grade showed similar
results. While fourth-graders showed no improvement between 1995 and 2003, eighth-

graders increased their average score significantly (p. 6). On the 2003 TIMSS, fourth-
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graders in the U.S. scored lower than did students in 11 foreign countries and eighth-
graders scored lower than did students in 14 countries (National Center for Education
Statistics, 2004, p. 4). However, there was an overall improvement in achievement from
the 1995 administration. In the state of Georgia specifically, the National Center for
Education Statistics (2008) showed that fourth and eighth grade students scored below
the national average on the mathematics portion of the NAEP all six times it was
administered, in 1992, 1996, 2000, 2003, 2005, and 2007.

The NMAP conducted the most recent analysis of research on this topic. President
George W. Bush created the NMAP in 2006 to address the concerns about mathematics
achievement in the United States (NMAP, 2008, p. 1). The panel was made up of 19
expert panelists and five ex officio members, and its mission was to compile and analyze
scientific findings about mathematics teaching and learning. The panel considered several
sources to extract information and data, reviewing studies that yielded statistically
significant results. The NMAP also examined research publications, teacher survey
results, anecdotal evidence, and verbal testimonies (p. xvi) to extract valid information.
As with previous assessments, however, the findings were debated by experts (Boaler,
2008; Borko & Whitcomb, 2008; Thompson, 2008).

The panel’s findings, published in 2008, included information from the United
States National Report Card. On the latest test for mathematics achievement, 32% of U.S.
eighth graders performed at the proficient level, but only 23% of all students remained
proficient at Grade 12 (p. xii). The need for improved performance by students in the
United States is supported by the increasing call for remedial mathematics classes among

college freshmen throughout the country (p. xii). The NMAP called for nationwide
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mathematics reform, but some researchers questioned the quality of the data. When
viewed in light of NCLB legislation, which requires that 100% of students meet
minimum requirements in mathematics by the year 2014, concerns for achievement of
U.S. students in this subject are paramount. In this study, I sought to address the local
problems of student achievement in mathematics and teacher concerns for professional
development.

Definitions

Conceptual knowledge: Conceptual knowledge in mathematics refers to
understanding of the number system and underlying patterns and relationships of
mathematical certainties (Van de Walle & Lovin, 2006).

Manipulatives: A term widely used in the educational realm, manipulatives refer
to hands on tools that students and teachers use to illustrate mathematical concepts (Van
de Walle & Lovin, 2006). Drickey (2006) introduced virtual manipulatives, or computer
based models.

Model: As described by Van de Walle and Lovin (2006, p. 7), models include any
visual representations of concepts or mathematical relationships.

Procedural knowledge: Van de Walle and Lovin (2006) listed rules, procedures,
and symbolism as the anchors of mathematics procedural knowledge. In mathematics,
procedural knowledge refers to being able to perform sequential steps that lead to a
correct solution.

Professional development: Ongoing learning by teachers to fulfill the purposes of

improving instruction and enhancing learning for students (Mundry, 2005).
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Word problem: A written mathematical story that requires students to
comprehend meaning and reach a logical solution through calculation (Fuchs et al.,
2009).

Significance

This study, based on a decline in student achievement in mathematics, is worthy
of scholarly attention for several reasons. The NMAP (2008) stated that students must be
competent in mathematics in order to function in the modern economy. Mann (2006, p.
244) addressed the importance of the problem by stating that mathematical reasoning
leads to human advancement by helping mankind better understand the world. In addition
to local, state, and national significance, this mathematics specific project holds
importance in the broad realm of 21* century life.

Leading societies have commanded mathematical skills that have brought them

advantages in medicine and health, in technology and commerce, in navigation

and exploration, in defense and finance, and in the ability to understand past

failures and to forecast future developments. (NMAP 2008, p. xii)

Mathematics education supports American independence and leadership.

Increasing student achievement in mathematics has strong implications for the
community in which the research took place. ABC Elementary School District compares
unfavorably to the state of Georgia in its high school graduation rate. While the state
maintains a 78.9% graduation rate, ABC Elementary School District’s graduation rate is
66.1% (Governor’s Office of Student Achievement, 2010). In mathematics specifically,
students in ABC Elementary School District lag behind the state and national averages as

measured by the American College Test (ACT). Because this project aims to increase
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student achievement in mathematics at the elementary level, it holds potential
significance as a catalyst for increased success for students throughout middle and high
school as well.

Guiding Questions

The guiding questions framed the collection and analysis of data, as well as
informed the design of the final project.

I. In order to improve student achievement in mathematics at ABC
Elementary School, what aspects of mathematics instruction should be addressed?

2. What types of professional development experiences do ABC Elementary
School teachers perceive will best enable them to increase student achievement in
mathematics?

Past research includes exploration of instructional practices, teachers’
perspectives, and professional development efforts associated with teaching mathematics.
Many experts indicate a need for improved mathematics instruction in the United States
(Hiebert et al., 2005; Mann, 2006; NCTM, 2000; NMAP, 2008; Stigler & Hiebert, 1999;
Wallis & Steptoe, 2006). Within the past few years, the mathematics curriculum in
Georgia has undergone significant changes (Georgia Department of Education, 2005b).
Standardized tests have changed to reflect the curriculum, and many students have not
met minimum expectations in the area of mathematics (Georgia Department of
Education, 2004, 2005a, 2006, 2007a, 2008). Educational leaders conveyed expectations
for changes in teaching practices; but, teachers engaged in differing levels of training
about how to teach mathematics conceptually and help students meet Georgia’s revised

curriculum (A. Ingram, personal communication, September 8, 2006).
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Because research has linked teaching practices with student learning, teachers
should be comfortable with curriculum and adequately trained in appropriate teaching
methodologies if they expect to be successful (Borko & Whitcomb, 2008; Greenberg &
Walsh, 2008; NCTM, 2000; NMAP, 2008). This qualitative case study was needed to
address the local problem. I explored elementary school teachers’ ideas about
professional development as they relate to increasing teacher proficiency, student
understanding, and student achievement in mathematics. The guiding questions focused
the project on how to increase student achievement through appropriate professional
development for teachers.

Review of the Literature

The purposes of this literature review were to describe the theoretical framework
for this study, provide a recent account of mathematics education in the United States,
compare and contrast traditional and conceptual pedagogical methods, and support the
idea of professional development as a means to improved mathematics achievement.
Search terms included Booleans mathematics teaching, mathematics instruction,
mathematics AND problem solving, teacher beliefs AND mathematics, mathematics
instruction AND Japan, mathematics instruction AND United States, mathematics
reform, mathematics AND memorization, procedural knowledge AND mathematics,
student achievement AND mathematics, critical thinking AND mathematics, teacher
beliefs AND mathematics, teacher training AND mathematics, and teaching mathematics
for understanding. Specific databases utilized were ERIC, Education Research Complete,

and Sage. In most cases, | reviewed abstracts of articles before deciding whether to view
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the full text. I also examined specific sections such as introduction, problem, participants,
and conclusions to determine articles’ applicability to my research.

This review of literature includes the foundation of the problem, based upon the
learning theories of Piaget and Vygotsky. Next, mathematics reform in the United States
is described. The literature review ends with a critical analysis of traditional and
conceptual methods of teaching mathematics, as well as principles suggested by
mathematics reform experts.

Foundations of the Problem: Theoretical Framework

Learning theory and literature about mathematics and professional development,
in combination with data, formed the framework for this doctoral project. The idea of a
balanced approach to teaching mathematics is rooted in the work of Piaget and Vygotsky.
Piaget (1959) asserted that learners achieve deeper levels of understanding when they
construct knowledge based on their own personal backgrounds, experiences, and
interpretations of information, known as prior knowledge. This has come to be known as
constructivism, founded on the principle that children construct their own knowledge
when given opportunities. Students are responsible for their own learning as they
internalize discoveries and give them meaning (Hudson, Miller, & Butler, 2006).
Exploration and discovery are important components in the context of learning. In
mathematics class, this theory can be applied when teachers allow students to use
manipulatives (Furner, Yahya, & Duffy, 2005; Mancil & Maynard, 2007; Van de Walle
& Lovin, 2006), solve problems (Brakebill, Morley, Steinbert, & Wang, 2006; Chard et
al., 2008; Pogrow, 2004; Usiskin, 2003), and make discoveries (Drickey, 2006; Marsigit,

2007; Montague, 2003; van Kraayenord & Elkins, 2004).
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Vygotsky’s (1978) theory of social development, or social interactionist theory,
contends that talking and listening are essential components of learning. In mathematics
class, Vygotsky’s theory can be applied when teachers allow children to work together in
groups as a regular part of instruction. The works of Furner et al. (2005), Goldsmith and
Mark (1999), Hudson et al. (2006), London (2004), Mancil and Maynard (2007),
Montague (2003), NCTM (2000), Saville, Zinn, and Elliott (2005), and Steele (2007)
supported Vygotsky’s theory about learning. These researchers noted that group work, or
cooperative learning, can be beneficial to students when they are working on
mathematical tasks.

Historically, mathematics in the United States has been taught in a manner that
does not reflect either the constructivist or social interactionist viewpoints. Stigler and
Hiebert (1999) and Hudson et al. (2006) described a typical American mathematics
lesson as consisting of teacher demonstration followed by student practice. The teacher
was viewed as the supreme beacon of knowledge. He or she knew the magic formula, the
algorithm, and bestowed this knowledge upon pupils so that they could memorize and
perform the given procedure. Mann (2006) described this U.S. phenomenon as “learning
from the master” (p. 237). This conventional form of teaching, in contrast with the
perspectives of Piaget (1959) and Vygotsky (1978), was the norm within ABC
Elementary School before the curriculum change.

In concurrence with the historical theorists, Sarama and Clements (2006) found
that young children learn naturally by asking questions and experimenting. Furthermore,
Cavanagh (2006a, 2006b) promoted more teaching of mathematical relationships and less

emphasis on memorizing algorithms and formulas. Mathematical foundations can be built
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when students use manipulatives and engage in hands on experiences (Burke & Dunn,
2002; Drickey, 2006; Furner et al., 2005; Gilliland, 2002; Mancil & Maynard, 2007; and
Van de Walle & Lovin, 2006). Burns (1998) addressed the long debated issue of how to
best teach mathematics by recommending an approach that infuses conceptual activities,
written exercises, basic skill practice, and regular problem solving. In essence, both the
problem and the project for this doctoral study were framed by the learning theories of
Piaget (1959) and Vygotsky (1978), and supported by current research and literature.
A Global Perspective

Much focus on mathematics achievement in the United States centers around the
concept of sustaining economic advantages within the world (NMAP, 2008, p. xi). The
focus on economic competitiveness and discrepancies in student performance has led
educational researchers to study differences that exist in mathematics education between
students in the U.S. and Japan. International standardized test scores indicate that
students in Japan have achieved success in mathematics at consistently higher levels than
students in the United States (National Center for Education Statistics, 2000, 2004, 2008;
NMAP, 2008). Educational leaders in the United States, and particularly in the state of
Georgia, have suggested changes in U.S. mathematics expectations that reflect Japanese
philosophies and instructional methodologies (Georgia Department of Education, 2005b;
NMAP, 2008).

Mathematics instruction: United States v. Japan. Hiebert et al. (2005)
observed “striking contrast[s]” (p. 125) between mathematics instruction in the United
States and Japan. The authors indicated that while U.S. teachers wanted their students to

become proficient in computation, Japanese teachers encouraged their students to think
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about mathematical relationships in new ways. Additionally, American textbooks
contained many topics with only one or two pages devoted to each, while textbooks from
other countries were not as thick and focused on fewer topics (Kennedy, 2003; NMAP,
2008; Stigler & Hiebert, 1999). Wallis & Steptoe (2006) noted the differences between
U.S. textbooks and those in Japan, suggesting “depth over breadth” (p. 17) as a guiding
principle for textbook reform. Stigler and Hiebert (1999) observed that teachers in Japan
spent more time developing concepts, while U.S. teachers sometimes covered many
topics briefly in an attempt to complete all lessons in the textbook. The authors supported
this notion by stating that only 22% of the U.S. lessons they observed contained well
developed mathematical ideas, in contrast to 83% of the lessons in Japan. It should be
noted, however, that Stigler and Hiebert based their conclusions on a 1995 video study,
which had limitations and has been followed by a more recent study (Hiebert et al.,
2005).

In response to Stigler and Hiebert’s (1999) implications that Japanese educators
were superior to U.S. teachers in certain ways, Bracey (2000) argued that the researchers
had failed to mention two factors that influence Japanese education. These are the family
structure and the juku. The family structure refers to the notion that Japanese parents
place a high value on education, and work with their children at home to instill
memorization of facts. Bracey posed this meant that teachers would be free to facilitate
deep understanding in class rather than spending time on computation and procedural
drill. The juku was mentioned as an explanation for the Japanese success on standardized
tests, as it is a test taking school attended by many students in addition to regular school.

The observations reported by Stigler and Hiebert, along with the debate that followed,



23

brought attention to the differences in mathematics instruction between the United States
and Japan.

Teachers in Japan do spend time requiring rote memorization, just like teachers in
the United States (Hiebert et al., 2005; Stigler & Hiebert, 1999). Instructional focus is on
using mathematics to solve problems in addition to performing procedures. Desimone et
al. (2005, p. 525) determined that a significant difference in mathematics instruction
between the United States and Japan was the degree to which U.S. teachers emphasized
computation specifically with low achieving students. Mathematics teachers in Japan,
according to this study, incorporate computation as a part of instruction, but also give
both high and low achieving students opportunities to construct and apply knowledge.
Hiebert et al. (2005) observed that much mathematics instruction in the United States was
“procedurally oriented” (p. 116) and of low cognitive challenge. Resnick (2006, p. 2)
noted that programs of high cognitive challenge, such as those in Japan, emphasized
relationships, concepts, and problem solving more than procedural computation. These
instructional differences are important, as much research suggests that teaching practices
affect student performance (Lubienski, 2006; NMAP, 2008; Patton et al., 2008;
Schubring, 2006, p. 675; Schwartz, 2006).

Mathematics reform in the United States. Balanced mathematics instruction is
beginning to take roots in schools throughout the United States. In 2006, the state of
Georgia adopted a new curriculum based on the Japanese approach to teaching
mathematics. Centered on ideas embedded in the Japanese style curriculum, mathematics
topics are now taught in Georgia in an integrated fashion rather than as separate entities

(Georgia Department of Education, 2008; Zehr, 2005). Georgia’s change in curriculum
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represents an effort in educational reform. Another example of reform is that teachers in
Boston and San Diego implemented conceptual mathematics instruction and saw great
improvements in student achievement (Cavanagh, 2006a). These changes illustrate the
gradual spread of mathematics reform throughout the country.

Other researchers noted the presence of conceptual mathematics instruction, at
varying degrees, within U.S. classrooms. Desimone et al. (2005, p. 525) reported that the
degree of conceptual teaching in the United States was similar to that of several high
performing countries. They concluded that teachers in almost all participating countries
devoted class time to computation as well as to conceptual activities. Hiebert et al. (2005,
p. 113) observed several U.S. lessons in which students worked in small groups to solve a
problem or complete a task. These findings demonstrated the NCTM (2000) principles of
communication and collaboration being carried out within classrooms.

In the state of Georgia, changes in curriculum were made to reflect current
research and literature about mathematics reform (Georgia Department of Education,
2008) based on observations of mathematics instruction in the United States and Japan
(Desimone et al., 2005; Hiebert et al., 2005; Stigler & Hiebert, 1999). Hiebert et al.
hypothesized that full adaptation of Japanese ideals within the United States educational
structure would be unrealistic; however, the state of Georgia has already made changes
that force educators to learn new ways of teaching. The next step is to increase teachers’
understanding about mathematics reform ideas so that they can begin to incorporate
meaningful instruction within classrooms (Georgia Department of Education, 2005b;

Greenberg & Walsh, 2008; Mann, 2006, p. 250, NMAP, 2008).



25
Traditional Methods of Teaching Mathematics

Some experts attributed traditional methods that have dominated U.S.
mathematics instruction to underlying philosophies about mathematics itself. Many
people view mathematics as sets of tricks, rules, and procedures rather than relationships
between concepts and facts (Dogan-Dunlap, 2007; Mann, 2006; Mtetwa & Garofalo,
1989; Patton et al., 2008). Some educators believe that the essence of mathematics is
unyielding rules and algorithms, and tend to present new concepts by implementing
repetitive strategies (Goldsmith & Mark, 1999; Mtetwa & Garofalo, 1989). However,
these strategies are ineffective if students do not understand when and why to apply them
(Mann, 2006; Mastropieri, Scruggs, & Shiah, 1991). In the United States public school
systems, many teachers do not devote substantial time to helping students develop
conceptual foundations (NCTM, 2000; Stigler & Hiebert, 1999). This, in some cases,
reduces instruction to mainly procedural knowledge (Mann, 2006; Timmerman, 2004)
without the development of conceptual understanding.

Some teachers have a narrow view of mathematics in the classroom, including
reliance upon algorithms (Goldsmith & Mark, 1999; Stigler & Hiebert, 1999) and heavy
use of textbooks (NCTM, 2000; Stigler & Hiebert, 1999). An unhealthy dependence on
textbooks for mathematics teaching was pointed out as far back as 1987 (Farr et al.). One
negative consequence associated with this rule oriented type of teaching is that students
feel no real context for learning. They view mathematics as a meaningless daily chore or
a set of equations in a book, rather than a useful tool (Mann, 2006; Mortiboys, 1984).
Students who have this passive outlook on mathematics may consider it as sets of

symbols, routine procedures, arbitrary rules, and memorized facts (Dogan-Dunlap, 2007;
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Mann, 2006, p. 249; Pogrow, 2004, p. 298). Rather than relate learned information to

prior knowledge of mathematics concepts, students may accept algorithms and formulas
without pondering their origins. They may never question, and therefore may never
understand, the “whys” (Dogan-Dunlap, 2007, p.1) of mathematical certainties. Pogrow’s
(2004) remarks summarize the dangers, warning that a strictly procedural approach to
teaching mathematics could “produce another generation of math haters and
mathaphobes” (p. 303).

Hiebert et al. (2005) described observations of U.S. mathematics instruction with
four characteristics: low level of mathematical challenge (p. 116), emphasis on
procedures (p. 119), emphasis on review (p. 122), and mathematically and pedagogically
fragmented lessons, mathematically and pedagogically (p. 123). According to Hibbs
(2004) and Mann (2006), a typical elementary mathematics lesson usually consists of
teacher demonstration and modeling followed by student practice, and possibly a follow-
up discussion. Hudson et al. (2006) referred to this strategy as “explicit teaching” (p. 22).
Reinhart (2000) described this common method as a “teacher-centered, direct instruction
model” (p. 54).

Traditional methods of teaching mathematics include lecturing (Saville et al.,
2005), requiring rote memorization, assigning practice problems, demonstrating
algorithms, and administering timed tests on basic mathematics facts (Caron, 2007;
Mann, 2006; Mastropieri et al., 1991). Although these methods are appropriate in
moderation, teachers who use them exclusively discard an important principle of
mathematics. Understanding mathematics entails more than facts and rules (Mann, 2006;

NCTM, 2000; Stigler & Hiebert, 1999). Resnick (2006, p. 20) explained that computation
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and procedural memorization induce lower order thinking skills, while conceptual
understanding requires higher order thinking. Educators need to identify the distinction
between teaching students how to perform regimented procedures and enabling them to
apply mathematics in real life scenarios (Mann, 2006, p. 243), so that they can begin to
facilitate meaning in mathematics classes.

In the past, teachers in the United States have required students to practice
addition, subtraction, multiplication, and division (Bransford et al., 1999). They have
explained, demonstrated, modeled, and then provided equations for practice (Hibbs,
2004; Mann, 2006; Stigler & Hiebert, 1999). Educators have worked under the belief that
repetition of operations was a sufficient form of mathematics instruction (Patton et al.,
2008). Common practices have included requiring rote memorization (Caron, 2007;
Desimone et al., 2005; Goldsmith & Mark, 1999; Mann, 2006, p. 249; Montague, 2003,
p. 166; Mtetwa & Garofalo, 1989; Patton et al., 2008; Stigler & Hiebert, 1999) and
utilizing skill and drill techniques (Bottge, 2001; Goldsmith & Mark, 1999; Mann, 2006).
Although these methods have been successful in improving procedural knowledge (Wong
& Evans, 2007, p. 101), they have fallen short of teaching students how to apply the
functions in problem solving situations (Chard et al., 2008; Graeber, 2005; Mann, 2006;
Mastropieri et al., 1991; Mtetwa & Garofalo, 1989).

Often, word problems do not receive as much attention in the classroom as basic
fact practice (Hiebert et al., 2005; Stigler & Hiebert, 1999). In the United States, one
would not expect to see an entire mathematics period devoted to solving a word problem,
yet this is where students are struggling to understand (Chard et al., 2008, p. 17; Graeber,

2005, p. 356). Many teachers emphasize computation and encourage practice with the
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unspoken belief that students will be able to apply that knowledge in authentic ways
(Mann, 2006; Patton et al., 2008). The expected transfer of knowledge does not always
occur, resulting in disconnect between skill and function (Bottge, 2001). As research
indicates, somewhere along the way, educators in the United States have failed to educate
students about the meaningful association between operation and practical application
(Chard et al., 2008, p. 17; Graeber, 2005, p. 356; Office of Educational Research and
Improvement, 1992; Mann, 2006; Mastriopieri et al., 1991; Yesseldyke et al., 2003).
Current mathematics reform experts insist that mathematics instruction should extend
beyond procedure based methods to incorporate a view of mathematics that encompasses
concepts, patterns, applications, and relationships in addition to facts and procedures
(Burns, 1998; Schifter, 2007, p. 22; Van de Walle & Lovin, 2006).
Conceptual Methods of Teaching Mathematics

Five interrelated themes emerged from the literature as the main features of
appropriate mathematics instruction. Concepts that were repeated throughout the
literature included contexts for learning (Schifter, 2007, p. 24), mathematical reasoning
(Burns, 1998; Reinhart, 2000), cooperative learning (Furner et al., 2005; Goldsmith &
Mark, 1999; Hudson et al., 2006; London, 2004; Mancil & Maynard, 2007; Montague,
2003; NCTM, 2000; Reinhart, 2000; Steele, 2007), integration of topics (Georgia
Department of Education, 2005b, 2007b; Usiskin, 2003; Zehr, 2005), and conceptual
foundations (Georgia Department of Education, 2007b; Hiebert et al., 2005; Mann, 2006;
Van de Walle & Lovin, 2006). These themes correlated with the NCTM (2000) process
standards, which are: Problem Solving, Reasoning and Proof, Communication,

Connections, and Representations. These process standards were used to guide the
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development of the Georgia Performance Standards. The following review of a balanced
approach to teaching mathematics is organized around the five NCTM (2000) process
standards, or themes, and supplemented with other sources. The multiple facets of a
balanced approach to teaching mathematics were exposed in the final project through
presentation and literature.

Problem solving. Experts who insist that students should learn within specific
contexts frequently emphasize the importance of problem solving (Burns, 1998; Brakebill
et al., 2006; Chard et al., 2008; House, 2003; NCTM, 2000; Usiskin, 2003; Van de Walle
& Lovin, 2006). Pogrow (2004) claimed that teaching students to solve word problems is
one of educators’ greatest challenges, and Lubienski (2006) found a positive correlation
between problem solving as an instructional strategy and student achievement among
fourth and eighth graders. Pogrow focused on an approach that helped students see
practical applications for mathematical ideas. He created a software program that allowed
students to explore, invent, and construct meaning as they solved engaging problems. The
main principle of the literature he mirrored in his work was that mathematics teaching
should be student centered and problem based. This provided an essential component in
the struggle for mathematics achievement: a context for learning. Instead of performing
the same procedure repeatedly, students applied mathematical concepts to solve problems
and advance to higher levels. Teachers and students who utilized the problem solving
software program reported gains in ability and enjoyment of mathematics (Pogrow, 2004,
p- 303).

Usiskin (2003) wrote that the one consistency throughout the history of changes

in mathematics education is an agreement that it should always be connected to real
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world applications. Problem solving in mathematics classes instills in students the truth
that mathematics can and should be used in real situations (Brakebill et al., 2006; House,
2003; Mann, 2006; NMAP, 2008; Pogrow, 2004; Van de Walle & Lovin, 2006). Patton et
al. (2008) noted that teachers should help students develop metacognition so that they can
effectively engage in problem solving (p. 488). Rather than assuming that students will
automatically transfer from procedural knowledge to application, teachers should make
explicit efforts to teach students how to effectively apply skills to authentic contexts.

A mixture of pedagogical approaches can be applied to integrate problem solving
into the curriculum. One component of teaching problem solving is requiring
automaticity of basic fact answers, so that the working memory is released to contemplate
more complex applications (Wong & Evans, 2007, p. 103). Another idea is to allow
students to model mathematics processes using manipulatives. Schifter (2007) described
students using objects such as bowls and cotton balls to illustrate the concept of
multiplication, while Wong and Evans recommended traditional practice to commit facts
to memory. Steele (2007, p. 60) mentioned that struggling students learn better within
specific contexts. Educators must enable children to use discernment when facing
authentic problems in the world so that mathematical knowledge is applied, and not
simply memorized (Brakebill et al., 2006; Burns, 1998, p. 56-57; Furner et al., 2005;
London, 2004; Mann, 2006, p. 243; NMAP, 2008; Pogrow, 2004; Van de Walle & Lovin,
20006).

Reasoning and proof. Reform experts have suggested that students should
explain their mathematical solutions (e.g., Ediger, 2005; Furner et al., 2005; Schwartz,

2006). To facilitate reasoning and proof in classrooms, they recommended questioning,
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discussion, and defense of answers as regular parts of balanced mathematics instruction.
Brakebill et al. (2006) emphasized the importance of “mathematical reasoning” (p. 14) as
a part of preparation for higher level mathematics classes. May (1996) suggested having
students generate questions and create their own mathematical scenarios. She advised
asking learners to extend simple problems into more challenging ones. By having
children synthesize information in this way, teachers can force them to engage in
analytical thinking (Schwartz, 2006, p. 54). Reinhart (2000) recommended replacing
lectures with questions. Burns (1998) wrote that students often reason and compute
numerically in different ways, and should be allowed to use mental reasoning in addition
to written procedures. The NCTM (2000, p. 4) indicated that students learn to justify,
reason, and form conclusions by engaging in activities that push them to prove their
solutions. Furthermore, the council held that mathematical reasoning can help students
discover patterns within the number system, leading to a well developed understanding of
mathematical ideas.

Communication. Ideas about communication in the literature promoted
Vygotsky’s (1978) ideas about social interaction, and involved both speaking and
listening as essential components of learning. Wallis and Steptoe (2006) cited aligning
classroom instruction with the modern working world as a valid reason for encouraging
collaboration in mathematics classes. According to Kamii and Lewis (1993), teachers
reported that elementary students who communicated regularly with their peers learned
mathematics more conceptually and achieved greater understanding of mathematical
processes. In an analysis of results of the National Assessment of Educational Progress

(NAEP), Lubienski (2006) found that collaboration was a positive predictor of student
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success in both fourth and eighth grades. Lastly, students who learned by interteaching
(peer collaboration) performed better than students who learned by lecture (Saville et al.,
2005).

Allowing students to work together and engage in conversations about
mathematical topics is beneficial (e.g., Mancil & Maynard, 2007; Steele, 2007). The
NCTM (2000) reported that communication in mathematics classes forces students to
reflect and clearly express their thought processes. Similarly, students learn by listening
to their peers explain mathematical arguments (NCTM, 2000; Vanderhye & Zmijewski,
2008; Van de Walle & Lovin, 2006). Reinhart (2000) noted that communication within
cooperative groups means that all students share responsibility for everyone’s learning (p.
57).

Mathematics reform advocates favor communication in mathematics classes, as
opposed to forcing students to work independently. Communication and learning cannot
be interwoven if students are “sitting in rows, listening to teachers lecture” (Wallis &
Steptoe, 2006, para. 2). Vanderhye and Zmijewski (2008) found that one way to
encourage collaboration in mathematics classes was to establish routines and rules for
respect among students. Evidence of this aspect of mathematics reform is present in the
United States, at least according to the observations during one comparison. In their study
of educational practices within Japan and the United States, Hiebert et al. (2005, p. 113)
observed much collaboration within U.S. classrooms.

Connections. The NCTM (2000) noted that although teachers often present
students with separate standards or procedures to be memorized, mathematics can be

better characterized as a “coherent whole” (p. 4). This was a foundational idea upon
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which the Georgia Department of Education (2008) based its new mathematics standards.
The idea of making connections in mathematics refers to helping students see
relationships among topics and understand why certain procedures work. Many
researchers hold that procedural knowledge is essential for success in mathematics, and
encourage teachers to incorporate rote memorization and skills based activities into
mathematics lessons to promote fluency (Burns, 1998; Chard et al., 2008; Desimone et
al., 2005; Goldsmith & Mark, 1999; NCTM, 2000; NMAP, 2008). Context and
connections are equally important. Steele (2007, p. 61) noted that connections between
procedures and real life examples are especially advantageous for students with mild
learning disabilities.

One idea for fostering mathematical connections while also increasing procedural
fluency is to allow students to discover algorithms or procedures on their own. This idea
traces back to Piaget’s (1959) theory that learners will construct their own personal
understandings based on prior knowledge. Kamii and Lewis (1993) applied Piaget’s
theory as they taught mathematics. In their school, teachers did not directly teach any
algorithms to their students. Instead, they encouraged young learners to invent their own
strategies. Teachers reported that not all students were able to construct procedures
without teacher assistance, but those who did seemed to develop strength in both
conceptual and procedural knowledge. Alsup (2004) found that in one instance, students
of teachers who implemented constructivist strategies experienced a decrease in
mathematics anxiety and an increase in confidence, encouraging them to approach

mathematical tasks with ease. Finally, the NCTM (2000) and the NMAP (2008)
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suggested that helping students understand relationships and connections in mathematics
is a cornerstone of improved instruction.

Representations. An essential element in the goal of increasing student
achievement in mathematics is building a conceptual foundation for students (Hiebert et
al., 2005; Mann, 2006, p. 250; Van de Walle & Lovin, 2005), beginning with their
earliest formal learning experiences (Sarama & Clements, 2006). These early experiences
typically involve representations, including real objects or pictures. Some researchers
(e.g., Drickey, 2006; Mancil & Maynard, 2007; Usiskin, 2003) suggest helping students
develop conceptual foundations through the use of manipulatives and hands-on models to
facilitate understanding. The NCTM (2000) listed “pictures, concrete materials, tables,
[and] graphs” (p. 4) as types of representations that facilitate understanding. Pogrow
(2004) described using “mental models” (p. 300) to help students internalize concepts.
Lubienski (2006) referred to “non-number curricular emphasis,” (p. 18) or conceptual
models, as having a positive effect on student achievement.

Teachers who focus on the conceptual foundations of mathematics are as
concerned with students’ developmental thinking processes as with their abilities to
follow computational procedures (Schwartz, 2006). Representations can help students
interpret the underlying processes of mechanical formulas, which is essential for their
development of conceptual knowledge (NCTM, 2000) and more importantly, for their
abilities to apply that knowledge. Representations can be a platform for building

knowledge in mathematics for students at any age or level.
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Blending Pedagogies for a Balanced Approach

Ideas supported within both traditional and conceptual teaching methods should
be regularly infused in mathematics classes to provide students with a broad
understanding of mathematics in general. Hiebert et al. (2005), Desimone et al. (2005, p.
515), and the NMAP (2008) dispelled the assumption that one approach must be
sacrificed in order to embrace another. Instead, mathematics teachers should embrace all
of the concepts of balanced mathematics instruction so that students can achieve success
and deep understanding (NCTM, 2000). This includes blending traditional and
conceptual strategies to help students develop deep understandings of interrelated
mathematical concepts.

According to Mann (2006) and Schifter (2007), teachers should adopt the view of
mathematics that has long been held by mathematicians. Rather than looking at
mathematics as sets of procedures and rules to be memorized, mathematicians view it as
integrated sets of complex, meaningful structures and patterns that learners can classify,
understand, and apply through the venue of solving authentic problems (Bransford et al.,
1999). The NCTM (2000) outlined a mathematics curriculum that encompasses a holistic
view of mathematics and reflects the ideas of mathematicians. Their standards reflect
ideas such as incorporating problem solving, requiring mathematical reasoning and proof,
verbalizing thoughts and ideas, making connections, and utilizing multiple
representations. In summary, research suggests that teachers and students should view
mathematics as mathematicians do, as complex sets of related structures and patterns, and
not solely as procedures and algorithms (Dogan-Dunlap, 2007; Mann, 2006; NCTM,

2000; Schifter, 2007, p. 22).
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The NMAP (2008), after analyzing pertinent research, emphasized the importance
of instituting a balanced approach to teaching mathematics in the U.S., including the idea
that teachers should help students develop both procedural and conceptual knowledge.
Implementing a balanced approach to teaching mathematics means including hands-on
tools for modeling mathematical ideas (Chard et al., 2008; Gilliland, 2002; Van de Walle
& Lovin, 2006), facilitating group collaboration for problem solving (Kamii & Lewis,
1993; Furner et al., 2005; Hudson et al., 2006; Lubienski, 2006), and requiring verbal and
written expressions of mathematical findings (Goldsmith & Mark, 1999; Reinhart, 2000;
Schifter, 2007). Also embedded in the principles of a balanced approach to teaching
mathematics is the idea that students should be allowed to solve problems in a variety of
ways, rather than being limited to the traditional, operational algorithms (Alsup, 2004;
Burns, 1998; Furner et al., 2005; Goldsmith & Mark, 1999; NCTM, 2000; Van de Walle
& Lovin, 2006). Schwartz (2006, p. 52) indicated that valuable learning occurs when
students discover a way of arriving at a solution that was different from the standard
procedure. Mathematics should be used to manipulate and solve authentic problems
presented in the contexts of real life situations (Burns, 1998; Brakebill et al., 2006; Chard
et al., 2008; House, 2003; NCTM, 2000; Pogrow, 2004; Usiskin, 2003; Van de Walle &
Lovin, 2006). Children can and should internalize the logical number system and
understand the connections between and among procedures and abstract realities.

In balanced mathematics classrooms, teachers serve as facilitators by equipping
students with the information and tools they need to make discoveries about the number
system and apply their knowledge to solve authentic problems. Lubienski’s (2006) work

concluded that “reform-oriented instruction” (p. 20), that which is described in this paper
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as a balanced approach, leads to positive results in student achievement. In Lubienski’s
study, students of teachers who implemented problem solving, cooperative learning, and
development of logic and reasoning experienced more success in mathematics than those
who concentrated on procedures alone. Many researchers conclude that an effective
approach to teaching mathematics is to correlate the construction of abstract concepts
with the teaching of concrete applications and procedures, essentially a balanced
pedagogical approach (Alsup, 2004; Bransford et al., 1999; Burns, 1998; Chard et al.,
2008; Ediger, 2005; Gersten & Chard, 1999; Mann, 2006; NCTM, 2000; NMAP, 2008;
Pogrow, 2004; Schifter, 2007; Van de Walle & Lovin, 2006).
Critical Analysis of Related Literature

Although data seem to indicate that U.S. students consistently demonstrate a lack
of proficiency in mathematics, Bracey (2009) found it “silly” (p. 1) to compare nations
based on standardized test scores. He noted that this type of comparison is one-
dimensional and ignores the disconnect between tests and reality. Holliday and Holliday
(2003) mentioned several factors that discount international comparisons: students from
different countries function and operate under completely different systems of
communication, sampling is conducted differently by governments with various amounts
of funding, countries enroll and promote students within and across grade levels
differently, students in the study may have engaged in differing amounts of tutoring or
remediation, and international comparisons do not take cultural differences into
consideration. Bracey (2003) also explained Simpson’s paradox, “the phenomenon by
which the whole group shows one trend but various subgroups show another” (p. 1).

When subgroups then begin to make up a larger proportion of the entire group, their gains
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can reduce the effect of the gains of the group even when gains within subgroups are
larger. Over time, this effect can be misleading, disguising gains as losses simply because
a particular subgroup increased in proportion to the total group. Bracey asserted that
education critics have sometimes purposely ignored the effects of Simpson’s paradox,
contributing to skewed views of trends in test results.

Stigler and Hiebert’s (1999) conclusions that U.S. students performed much more
poorly than their Japanese counterparts sparked discussion among educational experts,
with some condemning the state of U.S. education and others defending it. In a book
review, Bracey (2000) disagreed with some of Stigler and Hiebert’s assertions. He
explained that an early TIMSS study had a biased sample and therefore could not be
relied upon for a valid comparison, as was done in the 1999 report. Additionally, Bracey
noted that another data source had resulted in scores that cast U.S. students more
favorably. He specifically asserted that at the First in the World Consortium, Chicago
students answered 70% of items correct in comparison with Japanese students, who
answered 73% of items correctly. The most direct question of logic about using tests for
achievement comparisons came from Bracey (2009) when he asked, “Does the fate of the
nation rest on how well 9- and 13-year-olds bubble in answer sheets?”” (para. 6) and
answered, “I don’t think so” (para. 6).

The 2008 report issued by the NMAP indicated many areas in need of
improvement. This resulted in much discussion, sometimes heated, among educational
researchers. The NMAP presented an image of both student and teacher performance that
was somewhat negative, and some experts responded with criticism. One element of the

panel’s research that was questioned was the criteria for scientifically based studies used
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to assess student performance. Borko and Whitcomb (2008) argued that by only
reviewing quantitative studies, the panel gave an incomplete portrayal of education in the
United States. Thompson (2008) and Kelly (2008) noted that this approach ignored too
much research literature, while Boaler (2008) argued that all types of research, including
quasi-experimental and qualitative, should have been included.

Thompson (2008) asserted that the NMAP study was not scholarly, while both
Thompson (2008) and Boaler (2008) suggested that certain research was ignored due to
political biases. The NCTM also responded to the NMAP report. In most cases, findings
from the panel coincided with previously established NCTM standards and principles.
However, one distinction was the panel’s emphasis on teachers’ content knowledge at the
exclusion of pedagogical knowledge (Borko & Whitcomb, 2008; NCTM, 2009). The
NMAP did not address the need to develop teachers’ understandings of how to identify
conceptions or misconceptions, analyze errors, provide feedback, utilize multiple
representations, or convey interconnections among concepts. One principle message from
the NMAP was consistent throughout literature, however, and that was that more research
in education is needed in order to inform and improve instructional practice (NCTM,
2009; NMAP, 2008).

Implications

There are meaningful implications associated with this study. Mills (2003)
explained that teachers often lead research with the goal of “effecting positive changes in
the school environment” (p. 5). The combination of state issued changes in mathematics
instruction and low student achievement in mathematics prompted the idea for a

Mathematics Professional Development Program (MPDP). “Times have changed and
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students now need to be able to think flexibly and creatively, solve problems and make
decisions” (Donnelly, 2009, p. 57). In order for teachers to meet the challenges of an
increasingly rigorous curriculum, they must engage in meaningful learning themselves.

Designed to help teachers learn mathematics reform ideas and best instructional
practices, the MPDP (included as Appendix A) forms the basis of this doctoral project
study. This investigation sought to find a solution to the problem of the study: how to
increase student achievement in mathematics at ABC Elementary School. Results of the
study were incorporated into an action plan, a mathematics professional development
program, to improve practice (Creswell, 2008, p. 609; Lomax, 2002, p. 19; Mills, 2003,
p. 5). The MPDP, designed for teachers in Grades 1 — 5, serves as the end product of this
study, the project.

Based on findings that teachers desire collaborative professional development, the
MPDP is an intensive program that can be applied in a multitude of educational settings.
It is streamlined to meet participants’ specific needs. Data that answered question 1 were
used to determine topics for the program. Data that answered question 2 helped determine
the format of the program. Although the project was developed according to the data
gathered from a limited sample of teacher participants, the overall design of the MPDP is
generic enough to be modified to meet faculty needs in different situations. Implications
include leading participants to be self-reflective (Lomax, 2002, p. 122) and devising a
project to improve an important educational issue (Creswell, 2008, p. 600).

Summary
In this section, I presented the problem of student mathematics achievement at

ABC Elementary School. Within the past few years, the mathematics curriculum in
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Georgia has undergone significant changes (Georgia Department of Education, 2005b).
Standardized tests changed to reflect the curriculum, and many students have not met
minimum expectations in the area of mathematics (Georgia Department of Education,
2007a, 2008). Educational leaders conveyed expectations for changes in teaching
practices, but teachers engaged in differing levels of training about how to teach
mathematics conceptually and help students meet Georgia’s performance standards (A.
Ingram, personal communication, September 8, 2006). Teachers expressed concerns
about meeting new instructional expectations (A. Ingram, personal communication,
September 8, 2006; K. Gilstrap, September 10, 2006).

The rationale was that teachers should be comfortable with the curriculum and
adequately trained in appropriate teaching methodologies in order to improve student
achievement (Mundry, 2005; Patton et al., 2008; Schubring, 2000; & Schwartz, 2006).
This study is significant to students, teachers, and educational constituents in general
because mathematics is a foundational part of the advancing world of technology and the
global economy (NMAP, 2008). Literature reviewed included the historical learning
theories of Piaget (1959) and Vygotsky (1978), as well as research outlining international
comparisons of mathematics instruction and methods of teaching mathematics found in
U.S. classrooms.

Implications of this study are that student achievement in mathematics may be
addressed through the venue of specific professional development rooted in current
research about mathematics content and pedagogy. Section 2 includes a description of the

methodology that was utilized to collect and analyze data related to the problem and
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purpose of this study. Section 3 includes a description of the project as an outcome of the

study, and section 4 includes reflections and conclusions.
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Section 2: The Methodology

Introduction

The purpose of this study was to explore elementary school teachers’ ideas about
mathematics instruction and professional development, with an emphasis on increasing
student achievement in mathematics. This section includes the research design and
approach, participants, data collection processes, role of the researcher, data analyses,
findings in relation to the guiding questions, disconfirming data, and evidence of quality.
The first part includes the guiding questions, description of qualitative tradition, and
justification for case study design. The second part provides justification for choosing
participants, as well as measures for establishing relationships with them and methods
used to ensure their ethical protection. The third part describes how data were collected
and categorized for analysis. The fourth part explains the role of the researcher. The fifth
part explains how and when data were analyzed and relates findings as themes. The sixth
part includes outlying data that contrasts with findings. Finally, the last part lists evidence
of quality. Essentially, this chapter describes the data analysis process that led to the
project as an outcome of the results of the study.

Research Design and Approach

In this study, qualitative research was applied to devise a solution to a specific
problem (Creswell, 2003, p. 21; 2008, p. 597; Lomax, 2002; Mills, 2003): student
achievement in mathematics declined for students in Grades 1 through 5 after Georgia’s
curriculum changed (Georgia Department of Education, 2007a, 2008). Many teachers
need professional development centered on how to help students meet new mathematics

standards because of the requirement for greater depth and rigor than was required
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previously (A. Ingram, personal communication, May 4, 2007; Georgia Department of
Education, 2007b). The case study design was derived from the goal and guiding
question of the study. The goal was to explore teachers’ beliefs about how they can
increase student achievement in mathematics, specifically through the venue of
professional development (Conderman & Morin, 2004; Edwards, 2006; Firestone,
Mangin, Martinez, & Polovsky, 2005, p. 414; Matsika, 2007; Mundry, 2005; Torres-
Guzman et al., 2006). The identification of guiding questions framed the study and gave
it scope and limitations (Hatch, 2002). Creswell (2008, p. 143) stated that qualitative
research questions are broad and open-ended. The guiding questions for this study were:

1. In order to improve student achievement in mathematics at ABC
Elementary School, what aspects of mathematics instruction should be addressed?

2. What types of professional development experiences do ABC Elementary
School teachers perceive will best enable them to increase student achievement in
mathematics?

Description of Case Study Design

In an attempt to understand teachers’ perspectives about professional
development as a means to improving instruction and increasing student achievement in
mathematics, I conducted a case study. Educators often conduct research to achieve
organizational change through the reflective practices of teaching and learning
(Greenwood, 2007, p. 249; Greenwood, Brydon-Miller, & Shafer, 2006). My intention
was to improve mathematics education in the local environment, which is ABC

Elementary School.



45

Researchers conduct qualitative studies when the goal is to understand or discover
teachers’ perspectives about educational issues (Blecher-Sass, 2008; Eakin, 2008;
Palladino, 2009; Theriot & Tice, 2009; Timberlake, 2009). Case studies are often ideal in
attempting to elicit teachers’ ideas because they occur in the natural environment without
variables being inserted into or deleted from a situation. Hancock and Algozzine (2006)
explained that case studies often focus on a particular phenomenon bound by “space and
time” (p. 15). In this study, the phenomenon, or case, was mathematics instruction and
professional development at ABC Elementary School. Factors that influenced the case
were the changed curriculum and decreased standardized test scores. This study was
bound by the location (ABC Elementary School) and the time (the duration of the study,
which was 14 weeks). In this exploratory case study, I studied the topic within the natural
context by accessing different sources of information (Hancock & Algozzine, 2006, p.
16; Yin, 2009).

Hatch (2002) listed several qualities that characterize qualitative work. Seven
qualities included in this doctoral study were natural settings, participant perspectives,
researcher as data gathering instrument, subjectivity, emergent design, inductive data
analysis, and reflexivity. Each element is subsequently described and related specifically
to this study to support and describe the choice of the research design.

The quality of natural settings refers to studying “real people in real settings”
(Hatch, 2002, p. 6). The setting in this study was ABC Elementary School. Creswell
(2003, p. 181) wrote that researchers frequently collect data in participants’ homes or
offices, where context is authentic. In this study, I interviewed teachers at the school

where they teach. The quality of participant perspectives refers to trying to relate human
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experiences as perceived by the participants. In this study, teachers answered interview
questions according to their own lived experiences. Merriam (2002) explained that
researchers try to “understand the meaning” (p. 4) of specific events or experiences.

Researcher as data gathering instrument is the distinctive nature of qualitative
data collection to involve human interaction rather than instruments such as
questionnaires or tests (Hatch, 2002; Kacen & Chaitin, 2006; Merriam, 2002, p. 5). In
this study, I served as the researcher, or the data gathering instrument as I collected data
through interviews, documents, and a research journal. Subjectivity refers to the nature of
data analysis in qualitative studies. Qualitative researchers acknowledge that “subjective
judgment” (Hatch, 2002, p. 9) is inevitable during data interpretation. In relation to this
study, subjectivity was minimized through bracketing within a research journal, which
was included in triangulation of data (Kacen & Chaitin, 2006). Emergent design
(Creswell (2003, p. 181; 2008, p. 141; Hatch, 2002) refers to the notion that the exact
direction of qualitative studies is unpredictable in nature. Details of a study emerge
during the course of data collection. This study demonstrated the element of emergent
design naturally, as the design of the final project emerged from the data that were
collected and analyzed.

Inductive data analysis refers to the fact that, unlike quantitative researchers,
qualitative investigators do not pose hypotheses. Instead, they gather information and
then look for patterns within the data. I carried out the action of inductive data analysis as
I examined and reexamined data to identify themes and subthemes. Reflexivity refers to
the “existential fact” (Hatch, 2002, p. 10) that researchers carry biases and influences that

can affect the topic(s) being studied. Therefore, it is common in qualitative studies for
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researchers to monitor and report self-reflections or personal connections to the study
(Brown, 2008; Creswell, 2003, p. 182; Gunasekara, 2007; Hatch, 2002; Hoskins & Stoltz,
2005; Kacen & Chaitin, 2006; Ortlipp, 2008). For this study, reflections and personal
connections were documented in the research journal. Merriam (2002, p. 5) noted that
words are used, as opposed to numbers, to provide rich description in qualitative studies.
The design of this case study informed the development of the final project through
description provided by teachers themselves.
Justification of Research Design

The qualitative case study made the most sense for answering the guiding
questions and fulfilling the purposes of this study. The best way to gain teacher input
about how to improve student achievement in mathematics through professional
development was to speak directly with teachers involved in this particular case. Case
studies are appropriate when researchers seek to explain or understand a specific case or
set of cases (Creswell, 2003, 2008; Hancock & Algozzine, 2006; Merriam, 2002). This
qualitative inquiry allowed me to ask probing questions and clarify ideas throughout the
study, gaining an in-depth glimpse at the mathematics situation at ABC Elementary
School. Results were interpreted through the formation of categories and themes.

A case study was more effective than other choices based on the interpretive
nature (Auerbach, 2003; Creswell, 2003) of the study and its goal of resulting in a
product (Creswell, 2008; Lomax, 2002; Mills, 2003). The rich, descriptive data (Hancock
& Algozzine, 2006; Ponterotto, 2006) gathered during the study informed the
development of the final product. This ensured that I had the best possible information

from which I designed an appropriate program.
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Other types of qualitative designs were considered, including phenomenology,
grounded theory, and narrative research. Phenomenology was ruled out because it did not
align with the goal of this study. I did not intend to describe a particular experience
shared by participants. It is true that the participants did all live the experience of the
curriculum change; but, describing that experience would not have necessarily enabled
me to develop a project from the data. I decided against grounded theory for similar
reasons. I could conduct similar data collection and analysis to reveal a particular theory,
but it would be less informative for the project to evolve from one theory than from
several themes and subthemes (as resulted from the case study). Finally, narrative
research was overruled because the concept of telling life stories did not apply exactly to
the objectives of this study. Most of the choices for qualitative design were nearly fitted
to work within the boundaries of this study, but the case study design was chosen because
it would result in the best quality and quantity of data for the purposes of developing a
project based on final results and conclusions of the study.

Ideas for quantitative and mixed methods analysis were overruled because of
specific circumstances. I considered the idea of quantitatively comparing student test
scores before and after Georgia’s curriculum changed, but decided that it was
inappropriate to compare pretest and posttest scores from tests with different items and
scales of scoring (Georgia Department of Education, 2006). I also considered asking
participants to respond to a survey, but determined that more detailed and accurate
information could be obtained through face-to-face interviews. A mixed methods study,
including both qualitative and quantitative methods, was considered. However, it was

overruled because of the lack of quantitative information available, desire to get in-depth,
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personal accounts from teachers over a period of time, and skepticism associated with
anonymous surveys taken by this particular teacher population. Having taught at ABC
Elementary School for 5 years, I have witnessed several survey studies conducted with
the teachers there. Often, teachers have manipulated and changed answers to survey items
based on whether or not they think specific answers will result in more work required
from them. Instead of answering items by reflecting thoughtfully, they sometimes chose
their responses based on their preconceived ideas about the survey, no matter what the
disclaimer said. Rather than risk the possibility of skewed results, I decided to conduct a
case study with a few select participants, intending to gain insight about the types of
professional development that may help teachers facilitate their students’ increased
achievement in mathematics. Once the goals and guiding questions for this study were
determined it was clear that the qualitative tradition, and a case study design, in
particular, were logical choices for data collection and analysis. The following section
describes information pertaining to the participants of the study.
Participants

The participants for this study included nine “purposefully selected” (Creswell,
2003, p. 185) teachers and administrators from ABC Elementary School. Although the
population of regular education teachers at the school was 20, there were only seven
mathematics teachers in Grades 1 through 5. Other teachers specialized in different
subjects, such as reading, writing, and language arts. For this reason, I invited all seven
mathematics teachers, as well as the principal and the academic coach, to participate in
this study. The academic coach and principal were included to provide additional

perspectives (Creswell, 2008). They contributed ideas gained from observing teachers
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during mathematics classes, whereas teachers themselves were limited to their own
personal experiences. In total, nine adults participated in the study.
Criteria and Justification for Selecting Participants

Participants were selected from the teaching and administrative staff at ABC
Elementary School, which is a relatively young group of dedicated professionals.
Twenty-seven percent of teachers have more than 20 years of experience while 38% have
less than 10 years of experience. Of this population, more than 60% of the teachers have
an advanced degree. Thirty percent have earned master’s degrees, while 33% have earned
specialist’s degrees. All teachers currently meet criteria for being highly qualified, as
established by NCLB (2001). This means that at ABC Elementary School, teachers meet
all of the state's certification requirements and are assigned appropriately for the field in
which they are teaching.

Qualitative researchers frequently select participants whose knowledge or insights
will enable them to answer the research question (Creswell, 2003, p. 185; 2008, p. 214;
Hancock & Algozzine, 2006, p. 39). Participant selection is deliberate, not random, and
highlights a key difference between quantitative and qualitative research. Creswell (2003,
2008) and Hatch (2002) explained that participant selection for qualitative studies does
not involve large sample sizes or random sampling, as expected within the quantitative
tradition. Creswell (2003) also noted that sample size should be balanced with depth of
inquiry. The sample size for this study is limited; therefore I conducted in-depth
interviews with each participant (Hoskins & Stoltz, 2005). Creswell (2008) explained that
while sample sizes vary, qualitative studies typically involve few cases or people. The

goal during this study was to describe or understand meanings constructed by a select
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group of people (Creswell, 2008, p. 213; Hatch, 2002). For these reasons, nine

deliberately chosen educators comprised the participants of this case study at ABC
Elementary School.
Procedures for Gaining Access to Participants

Establishing access to participants is an important step in any qualitative study
(Creswell, 2008; Hancock & Algozzine, 2006; Yin, 2009). In my case, this process began
long before I conducted the study, as I worked with the educators involved for several
years prior to beginning my study. When I first initiated the data collection process, I
emailed all nine potential participants. Participants were invited to be part of the case
study based on the following criteria: familiarity with the recent changes in mathematics
instructional expectations in Georgia and experience teaching or observing elementary
mathematics classes within the last 2 years. Candidates who represented certain
vulnerable populations, as defined by the Walden University Institutional Review Board
(IRB), were excluded from the study, such as people who were less than fluent in the
English language or over the age of 65. This selection process was guaranteed because
none of the mathematics teachers at the school were non-native English speakers or over
the age of 65. After making initial contact with the teachers I held an informational
meeting during which I explained the study and expectations in greater detail and asked
for a final commitment to participate.
Establishing a Researcher-Participant Relationship

I took appropriate measures to establish a working relationship with each
participant. Hatch (2002) noted that establishing and maintaining a stable researcher-

participant relationship is important in qualitative studies. Creswell (2008, p. 283)
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described using nondiscriminatory language as a way to develop a scholarly rapport.
Researchers are strangers in many studies and must work to create a comfortable
environment for participants (Rubin & Rubin, 2005, p. 13); however, in this study [ was
not a stranger to the participants. During this study, I found a private setting for every
interview (such as the participant’s classroom, my classroom, or a conference room) and
asked each if he or she felt comfortable with the arrangements. Hatch (2002)
recommended using “background questions” (p. 3) to put participants at ease before
beginning the formal process. Each interview began with a few informal questions
designed to make the participant feel comfortable. Although the informal questions were
not expected to provide valuable data, they helped to affirm a working relationship
between the participants and myself.

The researcher-participant relationship was also strengthened by providing
transparency about the study. Participants remained informed about multiple aspects of
their participation, including their participation in interviews, their submission of lesson
plans or other documents for data analysis, and their feedback during the member
checking process. Creswell (2003, 2008), Hancock and Algozzine (2006), Hatch (2002,
p. 46), and Yin (2009) asserted that participants should know about their rights, the
intentions of the study, and expectations for the researcher and participants prior to the
study. Participants were informed that their identities would remain anonymous and their
responses confidential. All participants signed a consent form prior to participating in the

study.
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Ethical Considerations

I considered ethical concerns during this study. Creswell (2003, p. 64; 2008, p.
218), Hatch (2002, p. 60), and Merriam (2002) pointed out the necessity of having
research plans reviewed by the IRB prior to conducting any study. For this study, data
were collected after the proposal was approved by the University Research Reviewer
(URR) and the Walden University IRB. The IRB approval number for this study was 02-
08-10-0340120.

I protected participants’ privacy and confidentiality through specific measures.
Interviewees signed an informed consent form acknowledging the voluntary and
confidential nature of the study. No one was pressured to participate, and I clarified that
participants could withdraw from the study at any time. In the interview transcripts and
within the final doctoral study, participants’ identities were kept confidential by referring
to them with pseudonyms. Additionally, results of the study were written so that readers
who might be familiar with the circumstances of the study would not be able to infer
participants’ identities. All participants were protected from harm to the greatest extent.
There were no known risks associated with participation in this study. Guidelines were in
place to ensure that data are dependable and worthy of attention and so that participants’
rights were protected.

Data Collection

Qualitative data collection helps researchers understand experiences through the
lens of the participants (Merriam, 2002) and leads to meaningful findings embedded
within data (Ponterotto, 2006). In many qualitative studies, a researcher chooses one

primary data collection method with supporting evidence from another type (Merriam,
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2002, p. 12). For the purposes of this study, the primary data sources were teacher

interviews and documents, while the secondary source of data was the reflective research
journal (Creswell, 2003, 2008; Hancock & Algozzine, 2006; Hatch, 2002; Merriam,
2002; Yin, 2009). Documents and interviews were used to answer the first guiding
question, regarding mathematics instruction, while interviews alone were used to answer
the second guiding question, regarding professional development. The following
subsections describe and justify each form of data collection. Figure 1 provides a model

of data collection strategies and illustrates how data were triangulated.

Interviews

Documents Research Journal

Figure 1. Triangulation of data
In-Depth Interviews

In this case study, I engaged nine teachers or administrators in face-to-face,
semistructured interviews. There was one set of interview questions for teachers, and a

modified set of questions for administrators. Data from the interviews were used to
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answer both guiding questions. Face-to-face interviews are appropriate to the qualitative
tradition (Creswell, 2003, 2008; Hatch, 2002; Parker, 2004, p. 53; Rubin & Rubin, 2005),
as well as to the case study design (Hancock & Algozzine, 2006; Yin, 2009). Hatch
(2002) explained that interviews are often the primary source of data in a qualitative
project, and Ponterotto (2006) noted that interviews result in the “thick description” (p.
538) that is unique to qualitative work. Semistructured interviews are specifically
appropriate for case studies because they allow researchers to probe for deeper meaning
as they collect data (Hancock & Algozzine, 2006).

Initially, I conducted one in-depth interview with each participant. In some cases,
interviews yielded enough data to adequately answer the guiding questions. In other
cases, however, I sought to gain additional insight from participants. Follow-up
interviews were scheduled with six participants, as needed, to clarify or extend
discussions based on the transcripts and resulting analysis of the first interviews. For
example, I asked Annabel (a pseudonym) to clarify a statement about wanting to learn
how to “match the curriculum to the learner.” Another example is that I asked Fiona (a
pseudonym) to explain an answer to a question that referenced “level one” and “level
two” questions. I asked Cal (a pseudonym) to elaborate on the type of homework that is
assigned at his particular grade level; this helped me establish the theme of computation
as an area in need of improvement. The goal of the interviews was to elicit responses to
open-ended questions about professional development in relation to increasing student
achievement in mathematics. I asked participants questions such as, “What aspects of

math instruction do you personally need to learn more about” and “If you could design
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your own professional development program to improve math instruction at this school,
what would it look like?”

Merriam (2002) explained that asking important questions can help people
articulate the meanings they have acquired by living through specific circumstances, an
idea reinforced by Greenwood et al. (2006) when they discussed the aspect of “mutual
respect” (p. 81). Janesick (2004) explained that interviews are structured exchanges
between two people who communicate through questions and answers. Questions were
predetermined (see Appendices A and B), but probing questions emerged during the
course of the study and during individual interviews (Creswell, 2003, 2008; Hancock &
Algozzine, 2006; Hatch, 2002; Yin, 2009).

Documents

Documents are a common source of qualitative data (Creswell, 2003, 2008;
Hancock & Algozzine, 2006; Hatch, 2002; Merriam, 2002). In this study, I used
documents such as teachers’ lesson plans and newsletters to answer the first guiding
question. Specifically, I examined teachers’ lesson plans in order to find evidence, or lack
thereof, of research based strategies that align or conflict with current research about
balanced mathematics instruction.

This included looking for evidence of both traditional and conceptual methods of
teaching mathematics. Traditional methods are those that result in procedural knowledge,
such as rote memorization, basic skill practice, demonstration of algorithms, teaching
tricks or rules, and use of textbooks (Caron, 2007; Patton, Fry, & Klages, 2008;
Timmerman, 2004). Evidence of this included lesson plans that focused on direct

instruction or worksheets. Conceptual methods are those that result in conceptual
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understanding, such as problem solving, reasoning and proof, communication,
connections, and representations (Desimone et al., 2005; Schwartz, 2006; & Van de
Walle & Lovin, 2005). Evidence of this included lesson plans that focused on cooperative
learning and working with manipulatives.

Other documents, including newsletters, teacher blogs, email messages between
participants, email messages from participants to me, or other appropriate documents that
emerged, were also collected (Creswell, 2003, p. 187; 2008, p. 230). These documents
were analyzed and coded for original themes, as well as used to support or dispute themes
that emerged from other data. This type of data contributed to the overall themes reported
in the results of the study.

Only documents that came from participants were included in this study, and
some of these were private. I asked participants to provide me with examples of their
mathematics lesson plans from the current school year or last school year, and in the
cases of email messages and blogs I printed them directly with permission of the
participants. Documents can include a multitude of written artifacts, formal and informal,
private and public. Creswell (2008, p. 231) noted that documents often produce rich text
data that can be analyzed immediately, and Merriam (2002, p. 13) pointed out that
documents do not change the dynamics of a research setting in the same way that a
human researcher might. The data gathered from documents supplemented the study,
ensuring that saturation was reached in data collection.

Research Journal
Throughout this study, I kept a research journal by which ideas were continually

cross-referenced or verified for accuracy. For example, I noted that George (a
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pseudonym) believed that efficiency in mathematics is of utmost importance, possibly
even more important than understanding the processes involved in mathematical
applications. He stated,

This is a pet peeve . . . when they do repeated addition for multiplication, or they

do trailing quotient for division, there are so many places for error that it’s not

efficient. And especially in the world of timed tests, you know . . . Just on a paper

this week I had a child add 25 fifteen times instead of multiplying it. Well, on a

timed test, it takes a long time to [add] 25, and there’s fifteen places they can

make errors; whereas if they use the traditional algorithm, their [chance of] error

is down to six. You know, it cuts their percentage for error down by at least half.
I also wrote, “Emmie does not believe that collaborative professional development will
work at this school, but I know that it is because of past conflicts that occurred between
her and another teacher.” I also noted that while many participants lamented the lack of
fluency among students for basic facts, Cal and David (pseudonyms) “seemed to devote
very little class time or homework opportunities to reinforce fact memorization.”

The use of a research journal added stability to the study by forcing me to openly
accept personal opinions and responses, and make a purposeful effort to keep them
separate from data (Hatch, 2002, p. 8; Ortlipp, 2008). Specifically, if a theme emerged
from interview or document analysis, I checked the research journal for either support or
negation of that theme. Similarly, I used the research journal to make sure I was not
inserting my own ideas or self-reflections into the data analysis process. For example, I

acknowledged that due to our working relationship, I am aware that George (a
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pseudonym) favors traditional approaches for teaching mathematics above conceptual
methods.

The nature of qualitative research is such that objectivity is difficult to ascertain
(Creswell, 2003, 2008; Hatch, 2002, p. 9; Merriam, 2002) and tendency toward bias must
be acknowledged (Hancock & Algozzine, 2006). Qualitative researchers embrace the fact
that their personal experiences and beliefs may influence their interpretation of data, and
write this into the study accordingly (Gunasekara, 2007; Ortlipp, 2008). Kacen and
Chaitin (2006) described this action as bracketing one’s thoughts and experiences.
Creswell (2003) and Brown (2008) described qualitative researchers as having an
awareness of how their personalities may shape the study in different ways. [ used a
research journal to accomplish these purposes throughout the study.

Researchers can overcome the potential for biased results by “articulat[ing] and
clarify[ing] their assumptions, experiences, worldview, and theoretical orientation to the
study” (Merriam, 2002, p. 26). Merriam recommended using a journal to reflect on
thoughts, questions, or experiences during data collection and analysis. This helps
balance researcher biases or opinions with actual data (Hatch, 2002, p. 87). The research
journal was recorded in the form of a word processing document, and was stored on a
laptop computer and backed up on a portable flash drive. The research journal served as a
secondary source of data and was used to cross reference emergent ideas.

Data Collection Processes

Data collection emerged naturally during the course of the study. The first step

was to conduct a pilot study for the purposes of evaluating and refining data collection

and analysis methods (Seidman, 2006). I videotaped myself interviewing two
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nonparticipants. These were special education teachers at ABC Elementary School. They
were familiar with the changes in mathematics instruction and had taught mathematics in
the past, but they did not teach mathematics at the time of the pilot study. They were able
to competently answer interview questions due to their previous experience with
elementary mathematics.

Within 3 days of the interviews, I transcribed the interviews and coded the data
for themes. I then met with the pilot study participants, and they assisted me in
determining the sufficiency of the interview questions for answering the guiding
questions. The pilot study participants also engaged in member checking by critiquing the
accuracy of my interview transcripts and giving me feedback on whether my findings
reflected their perspectives. During that meeting, the pilot study participants and I
watched the video together, and I solicited their evaluation. They pointed out ways in
which interview questions should be reframed and interview techniques could be
improved. For example, all instances of the word mathematics, in the interview questions,
were changed to math. Both pilot study participants felt that the interview would be more
authentic if the word math was used, since that is the commonly used term for all of the
participants. I incorporated results of the pilot study into my interview protocol, and
requested changes in procedures from the Walden IRB office. The interview protocol is
included as Appendix B. A modified version, used with administrators, is included as
Appendix C.

Additionally, I requested historical mathematics lesson plans from the pilot study
participants. I coded these documents using the same procedures that I planned to use

during the actual study, including open coding, color-coding, and selective coding. From
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this analysis, I determined that lesson plan data would be sufficient to contribute to
answering the guiding questions. I asked the pilot study participants to engage in member
checking to evaluate whether my findings aligned with their perceptions. At this point,
one change was made to document procedures. Rather than asking participants for all of
their mathematics lesson plans, I decided to ask for 1 week of lesson plans per unit of
study. The pilot study increased the validity and improved the quality of the study by
allowing me to facilitate a trial version of the study before beginning formalized data
collection.

When the formal data collection process began, I conducted nine initial interviews
using the full interview protocol. Seven of these were with teachers, and the other two
were conducted with administrators. After the second phase of coding, I held follow-up
interviews with six participants to clarify or add to ideas conceptualized in their initial
interviews. I did not need to conduct follow-up interviews with three participants because
I gained clear and sufficient data from their first interviews. Two of the follow-up
interviews led to third and final interviews just to clarify a few ideas. Interviews were
conducted until saturation was reached. Guest, Bunce, and Johnson (2006) found that
themes generally begin to overlap and repeat after 12 interviews, when saturation is
reached. In this study, I conducted a total of 17 interviews.

I anticipated that initial interviews would last 45 to 60 minutes, but they actually
lasted 25 to 50 minutes. The initial interviews were audio recorded and transcribed within
3 days. I coded the data before making decisions about the next phase of data collection. |
conducted follow-up interviews with individual participants, while simultaneously

reexamining data and relating ideas. This method was synchronous with Merriam’s
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(2002, p. 14) and Hatch’s (2002, p. 89) assertions that data analysis and data collection

are interwoven in qualitative studies.

The interviewing procedure allowed me to ensure that the data being collected
would be useful in answering my original guiding questions (Hatch, 2002). Interview
questions were not modified during the study because appropriate data emerged from the
interviews. After participants completed their interviews I sent copies of the transcripts to
them for verification or negation of accuracy. This also gave participants a chance to
clarify any particular points they wanted to make.

The process of (a) interviewing, (b) transcribing, (c) coding, (d) finding themes,
and (e) verifying with other data sources, was repeated until no new themes appeared.
The transcripts of the in-depth interviews served as one of the main sources of data for
this study. Interview questions are included as Appendices B and C. I collected and
analyzed documents throughout the study, and these documents served as another main
source of data. Specifically, I obtained copies of teachers’ lesson plans in order to learn
about their application of content and pedagogy related to teaching mathematics. Other
documents collected from participants, such as email messages, statements from blogs,
and newsletters emerged as the study grew. These documents were collected on a weekly
basis in a face-to-face or online format. Documents were analyzed and cataloged within 3
days of collection, excluding lesson plans, which I analyzed over a period of several
weeks.

Lastly, I kept an electronic research journal that also served as a source of data for
this study. The research journal was an ongoing data collection tool, accumulating new

data frequently as I recorded self-reflections and thoughts related to the study. These
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reflections included statements such as, “Fiona was the only one who felt strongly that

teachers do not need professional development in content, so I will include that as

disconfirming data” and “George acknowledges his independence as a teacher and I get

the impression he is not interested in collaborating with others.” All data were stored

securely throughout the study in password protected files and in a locked file cabinet.
Role of the Researcher

In qualitative research, the researcher serves as “the primary instrument for data
collection and analysis” (Merriam, 2002, p. 5). Throughout the study my role as the
researcher was to collect, organize, and analyze data. This included conducting and
transcribing interviews, keeping a research journal, and coding and analyzing documents.
In this case, I had a prior working relationship and positive rapport with all of the
participants.

A common practice in qualitative work, I acknowledge that personal biases can
affect interpretation of results. To minimize the likelihood of bias in the study, I asked the
interview questions in a prescribed order during every interview, excluding follow-up
questions that emerged from the semistructured interview format (Gunasekara, 2007;
Hancock & Algozzine, 2006). I framed interview questions in an objective manner, and
did not comment about personal preferences or beliefs. The additional procedure of
keeping a research journal also minimized the chance for bias by forcing me to separate
my opinions from data. All ethical procedures for conducting interviews were followed.

Experts in qualitative research recommend that researchers acknowledge their
personal connections to the study upfront, rather than pretending they do not exist

(Creswell, 2003, 2008; Hancock & Algozzine, 2006; Hatch, 2002; Merriam, 2002). I
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therefore acknowledge my opinions about the topic of study: how to improve student
achievement in mathematics through professional development. As a teacher in Georgia,
I experienced the changes associated with the new curriculum. I have experienced
personally the need for professional development to coincide with changes in
instructional expectations. I perceive that teachers need assistance in both content and
pedagogy. I think they need more knowledge in how lower level mathematics skills
evolve in the upper elementary grades. I believe teachers need and want professional
development in the area of mathematics reform. Finally, I acknowledge that results of the
data analysis are subject to interpretation. However, measures of ensuring accurate and
true results were taken to keep my role as the researcher as neutral as possible throughout
the study.
Data Analyses

I coded and analyzed data throughout the duration of the study, as well as at the
conclusion. I used tables within a word processing program to organize and document
data. I coded and looked for emergent themes within data by hand to ensure that I did not
overlook any important details (Hatch, 2002, p. 57). In qualitative research, data analysis
is iterative (Creswell, 2008; p. 245). It is not done all at once at the end of the data
collection period but is rather a continual process that occurs throughout the data
collection process (Hancock & Algozzine, 2006; Seidel, 1998). To further strengthen the
processes of data collection and analysis, I purposefully sought patterns among different
sources of information, an idea known as multiple perspectives (Brantlinger, Jimenez,

Klingner, Pugach, & Richardson, 2005). The multiple perspectives for this study included
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lesson plans, interviews with teachers and administrators, research journal entries, and
miscellaneous informal documents.

I began analysis by applying open coding to look for broad themes within
interview transcripts and lesson plans (Creswell, 2003, p. 191; 2008, p. 434; Merriam,
2002, p. 148). Hatch (2002) referred to this process as reading the data “for a sense of the
whole” (p. 181). Specifically, I read through data looking for information that would
answer the guiding questions (Foss & Waters, 2003). As I examined teachers’ lesson
plans and interview transcripts, I kept the two guiding questions in mind. This first step in
data analysis resulted in several general points of reference for analyses to follow.

After broad themes were identified, I rearranged data by placing specific
statements into separate categories (Merriam, 2002, p. 149) and reexamining for
relationships or patterns. At this point I developed initial codes, using a color-coding
system, by highlighting passages that seemed to revolve around the same main idea or
ideas (Seidel, 1998). I used hard copies of documents to physically cut apart transcripts
and place chunks of data into separate piles. I found that some of these secondary
categories overlapped; for example, some chunks of data could have been placed into two
different piles. When discussing a previous professional development experience,
Annabel said,

They would give us tasks. I think we did mostly third and fourth grade level tasks

in the training. And we were put into groups just as though we were math

students, fourth graders or third graders, we were given the manipulatives. We

had to solve the problem or task and we had to present our solutions.
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I determined that this statement could fall under the heading of engagement, because they
completed tasks, or collaboration, because they worked together in groups. Additionally,
some piles were too small to justify significance, so they were discarded. For example,
Annabel enthusiastically supported learning through videos, but this idea did not emerge
from any other interviews. I consolidated some of the piles to form overarching themes
that described the relationships among subtopics (Foss & Waters, 2003). In the
beginning, for example, technology was set apart as an independent theme. Throughout
the reexamination process, however, I discovered that it more appropriately belonged
under the larger heading of literature and research. I also reassessed my analysis by
ensuring that everything in each pile actually belonged there, and I omitted some chunks
of data after determining that they did not relate to the guiding questions.

I finalized results by reexamining themes in light of developing a “conceptual
schema” (Foss & Waters, 2003) in which I would report my findings. This consisted of
relating categories, organizing themes, and identifying central ideas (Creswell, 2003, p.
191; 2008, p. 437; Merriam, 2002, p. 149). I tried several different ways of organizing
themes, with the underlying goal of finding a logical thread among themes and their
relationship to the guiding questions (Foss & Waters, 2003). I aimed to discover patterns
within and across categories of data (Seidel, 1998). This recursive process of “noticing,
collecting, and thinking” (Seidel, 1998, p. 2) resulted in themes that appropriately
answered the guiding questions for this case study.

I reexamined data for emerging findings at two checkpoints: after the initial
interviews and after the first examination of lesson plans. As information was reduced

into categories and themes, I cataloged results and compared them to other sources of
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data. I continually reexamined themes to verify or modify for accuracy (Hancock &
Algozzine, 2006). For example, the original theme of content expanded to include several
subthemes as data collection and analysis progressed. I realized during open coding that
teachers would like content to be a component of professional development, but then
found evidence of subtopics within the theme of content. These included number sense,
computation, problem solving, geometry, measurement, algebra, and data analysis.
Throughout the data collection period as well as at the conclusion, I triangulated findings
with the research journal and pertinent documents collected during the study.

At each stage of data collection, I applied the member checking strategy to verify
findings with participants (Creswell, 2003, 2008; Hatch, 2002; Merriam, 2002). This
ensured that participants’ beliefs were portrayed accurately. The first level of member
checking, as described by Brantlinger et al. (2005), took place after data collection but
prior to analysis. I asked participants to confirm the accuracy or inaccuracy of interview
transcripts and incorporated their feedback into data analysis. The second level of
member checking occurred after data analysis, and involved asking participants to
evaluate interpretations of data (Brantlinger et al., 2005). During data analysis, I sent an
outline of preliminary findings to all participants and asked for their feedback. This
process allowed participants to verify or disconfirm results through their responses
(Creswell, 2003, 2008; Hatch, 2002; Merriam, 2002).

Discrepant cases were reported as such, included in data analysis, and integrated
into the results and conclusions. After I determined preliminary themes or categories, I
reviewed raw data to look for outlying evidence that did not align with these themes. This

practice is referred to as negative or discrepant case analysis (Brantlinger et al., 2005).
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Validity was strengthened by the inclusion of both complementary and disconfirming
evidence. By making deliberate efforts to include discrepant cases, I attempted to present
unbiased and accurate results. Figure 2 demonstrates the data analysis process for this

study.

Data: Interviews, Research Journal, Documents

Apply Open Coding Record Broad Themes

N\

Member Checking

Rearrange Data Determine Categories

NS

Triangulation

Apply Selective Coding Answer Guiding Questions

Figure 2. Data analysis process
Data Cataloging System

I collected data from participants on a weekly basis in the form of documents and
interviews. These data were saved or scanned into files that were stored on a laptop
computer and backed up on a portable flash drive. Some hard copies of data were stored
in a locked file cabinet. A cataloging system, in the form of a word processing table, was
used to keep track of themes and categories that continued to emerge throughout the
study. This cataloging system, or database (Yin, 2009), preserved data and allowed for

organization during data collection and analysis. Results from interview transcriptions,
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the researcher’s journal, and documents were continually cross referenced to verify
accuracy of codes and themes, and were triangulated at the conclusion of the study.
Findings
Findings of this study related directly to the problem: how to increase student
achievement in mathematics at ABC Elementary School through the venue of
professional development. Themes were derived through an examination of patterns and
relationships within data and used to answer the guiding questions for this study. The
findings formed the foundation of the doctoral project and are discussed in the following
subsections. Certain information is bracketed to ensure the confidentiality of participants,
including grade level references. Utterances such as “um” and “uh” were omitted to make
the data more readable. I assigned pseudonyms to participants in order to make the
discussion of findings more conversational. The pseudonyms are Annabel, Betsy, Cal,
David, Emmie, Fiona, George, Hollie, and Iris.
Guiding Question 1: Mathematics Instruction
The answer to the first guiding question, “In order to improve student
achievement in mathematics at ABC Elementary School, what aspects of mathematics
instruction should be addressed?” can be explained with two main themes and seven
subthemes. Data indicated that both content and pedagogy should be addressed to result
in better mathematics instruction, confirmed by Iris, “My ideal professional development
situation would . . . involve a professional learning community . . . looking at pedagogy,
but also looking at content.” The area of content resulted in 