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ABSTRACT

SELF-CONTAINED VERSUS DEPARTMENTALIZED SETTINGS IN URBAN 
ELEMENTARY SCHOOLS: AN ANALYSIS OF FIFTH-GRADE STUDENT 
MATHEMATICS PERFORMANCE

Student achievement in mathematics, particularly in urban areas, is a consistent concern 

in the United States. Research suggests that teachers either are under qualified or have a 

negative perception of themselves as mathematics teachers. Departmentalization on the 

elementary level is an organizational structure that may benefit urban students and 

teachers in the area of mathematics. The results o f the few studies on 

departmentalization in elementary school mathematics are mixed. The purpose o f this 

study was to use a correlational research design to determine a relationship between type 

of classroom instruction and student achievement. School level fifth-grade student 

achievement from 46 schools was compared using the 2011 Georgia Criterion- 

Referenced Competency Test (CRCT). Moderating school variables were (a) percentage 

of students eligible for the free and reduced lunch program (FRL), (b) percentage of 

minorities, and (c) school size. The results indicated that mathematics scores were not 

predicted by school size or organizational structure. Schools with different percentages 

of FRL did not perform differently in the two types of classroom settings. Research 

supporting specialized mathematics teachers or departmentalization at the elementary 

level indicates that it would be more attainable to improve mathematics knowledge o f a

x



few elementary teachers rather than attempting to improve the entire teaching force. In 

this study, teacher knowledge was not considered; including this variable in future studies 

may worthwhile. Additional studies on the influence of SES (or FRL) on organizational 

structure in elementary settings would be beneficial. Teacher quality, preparedness, 

effectiveness, efficacy, and experience were not considered in this study. FRL provides a 

partial picture o f students who come from disadvantaged backgrounds, but does not fully 

capture all dimensions o f poverty. Including additional variables (i.e., demographics of 

the school’s neighborhood and percentage of single-parent households) may provide a 

better picture of poverty. Although this study did not find differences between 

organizational structures, the practice of departmentalization is still worth investigating. 

Due to the continued increased demands in teacher accountability and higher standards 

for mathematics instruction, specialization or departmentalization may be a required 

trade-off to the relationship building often referenced in self-contained settings.



CHAPTER 1 

INTRODUCTION TO THE STUDY 

Mathematics performance in the United States has been an area of concern for 

decades (Gerretson, Bosnick, & Schofield, 2008). There are pervasive concerns, 

expressed by many American citizens and politicians, that too few students in our 

elementary and middle schools are successfully acquiring the mathematical knowledge, 

skill, and confidence needed to use the mathematics they have learned (Kilpatrick, 

Swafford, & Findell, 2001). Additionally, many students in elementary and secondary 

levels may be taught mathematics by teachers without the appropriate certification and, at 

best, a shaky grasp of mathematics (Kilpatrick et al., 2001).

Organizational structures like departmentalization, productive on the middle 

school and high school levels, have been implemented in elementary schools as one of 

many strategies to address low mathematics performance and achievement gaps found on 

standardized tests results. Departmentalized settings are organizational structures in 

which students circulate to teachers for specialized instruction in reading, mathematics, 

science, and social studies (Chan & Jarman, 2004). In departmentalized settings, students 

have the opportunity to receive content and pedagogy-rich instruction from a specialized 

mathematics teacher (Wu, 2009). Reys and Fennell (2003) stated that, “Mathematics 

curriculum requires teachers to have a deep understanding of the content, know how 

students learn mathematics and employ instructional and assessment strategies that help

1
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students learn mathematics” (p. 277). Self-contained organizational structures require 

teachers to provide instruction in all core content areas. Self-contained settings are the 

most common structure found on the elementary level (Rogers & Palardy, 1987). 

According to Chan and Jarman (2004), teachers in self-contained settings are 

unrealistically expected to teach all subjects with the same level o f depth and rigor.

Departmentalization on the elementary school level is considered a possible 

solution to increase student performance in mathematics in light of more rigorous 

standards and lack of teacher training in mathematics (National Mathematics Advisory 

Panel, 2008; Wu, 2009). Considerations for departmentalization have resurfaced in the 

past two decades in light o f international and national assessment data, adoption of more 

rigorous standards, and focus on teacher knowledge in mathematics (Fennell, 2011).

Three recent and relevant studies analyzing departmentalization in elementary schools 

report mixed results (Moore, 2008; Williams, 2009; Yearwood, 2011). These studies 

compared student achievement in departmentalized and self-contained settings in several 

subjects including mathematics.

Proponents of self-contained classroom structures suggest that academic 

achievement would suffer in a departmentalized setting due to time taken from 

instruction and used for transition to and from class (Harris, 1996). Canady and Retting 

(1995) stated that an assembly line, depersonalized type of environment would emerge in 

departmentalized structures. Other research suggests that positive student-teacher 

relationships would be hindered and difficult to facilitate in a departmentalized setting on 

the elementary school level (Becker, 1987; Dunn, 1952; McGrath & Rust, 2002; 

McPartland, 1987). Lastly, proponents o f traditional settings suggest that African



3

American and other minority students fare better in a self-contained setting due to the 

stability one teacher provides (Patton, 2003). Researchers propose this population is 

often from urban, single-parent families and have experiences that are more positive in 

school when they have the ability to build consistent relationships with one teacher 

(McPartland & Braddock, 1993).

Mathematics achievement has been identified as an essential factor in providing 

access to employment and full participation in society (Kilpatrick et al., 2001; National 

Council of Teachers o f Mathematics [NTCM], 1989). Four issues face elementary 

mathematics achievement that may rationalize the need for departmentalized structures. 

They are marginal mathematics performance on international and national assessments, 

increased populations in urban schools, lack of teacher preparation in mathematics, and 

more rigorous standards-based mathematics curriculum.

Marginal Mathematics Performance 

Mathematics achievement in the United States has remained relatively stagnant in 

comparison to other countries on international tests such as the Trends in International 

Math and Science Study (TIMSS) and Program for International Student Assessments 

(PISA; Viadero, 2010). Students in the United States are scoring below average 

compared to their academic peers (Hanushek, Peterson, & Woessmann, 2010). In a 

global perspective, other countries have advanced rapidly in mathematics achievement 

while scores in the United States increased slowly (Hanushek et al., 2010). U.S. fourth- 

grade mathematics students ranked 11th with a scale score o f 541 out o f 1000 (Table 1) 

on the 2011 TIMSS (National Center for Education Statistics, 201 lb). The top five
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performing countries were eastern countries with scores ranging from 606 to 585. The 

next top five countries were European countries with scale scores between 562 and 542.

Table 1

2011 TIMSS Fourth-Grade Mathematics Scores

Country Average scale score

Singapore 606

Korea 605

Hong Kong 602

Chinese Taipei 591

Japan 585

Northern Ireland 562

Belgium (Flemish) 549

Finland 545

England 542

Russian Federation 542

United States 541

National assessments also show mathematics performance o f elementary students 

as mediocre. The National Assessment for Educational Progress (NAEP, 2013) reported 

fourth grade, average scale score o f 242 out o f500, which is considered to be at a basic 

level. A basic level suggests that students have a minimal knowledge of mathematics. 

Critical thinking, problem solving, and application were not demonstrated by the average 

fourth grader (NAEP, 2013),



Increased Populations in Urban Schools 

According to Cuban (1989), the future o f urban schools is the primary issue 

facing the nation’s educational system. More than 80% of the United States population 

lives in urban areas (U.S. Census, 2012). Approximately one third o f urban students are 

minority. By 2030, minorities will be the majority (Center for the Improvement of 

Student Learning, 2008). In 2018, urban schools will have a majority o f minority 

populations with 50% of the students living in poverty. The underachievement in 

mathematics o f students in urban areas has prompted many educators, researchers, 

advocates, and politicians to focus on strategies and methods to improve performance.

The Trial Urban District Assessment (TUDA) measures student achievement in 

urban settings. The first assessment was provided in 2003. The most recent assessment 

in 2013 included 21 large urban school districts. The TUDA rates students’ knowledge 

of mathematics as below basic, basic, proficient, or advanced. Results from the 2013 

TUDA reported over half of the fourth graders in urban school districts have a below 

basic or basic knowledge of mathematics (National Center for Education Statistics,

201 la). According to Schoenfield (2002), mathematics achievement is critical in 

positioning students for opportunities in higher education. Additionally, Moses and Cobb 

(2001) suggested mathematics education is a civil rights issue, because without 

mathematics literacy, students can be relegated to second-class economic status. 

Therefore, critical race theory and urbanization were considered two o f the three 

conceptual underpinnings for this study.

Student performance in mathematics as reported on the TIMSS, PISA, NAEP, and 

TUDA has led to discussion and research on curriculum, instructional methods, and
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teacher knowledge of mathematics (McCrory & Cannata, 2011). According to Reys and 

Fennell (2003), “Curriculum performance standards in mathematics require teachers to 

have a deep understanding of the content, know how student learn mathematics, and 

employ instructional and assessment strategies that help students learn mathematics” (p. 

277). The NCTM (2000) suggested elementary mathematics teachers must have more 

exposure to mathematics content and have a firm understanding of mathematics concepts 

to provide a challenging and strong foundation in mathematics. However, in a national 

survey of mathematics education in 2002, only 2% of teachers from kindergarten to fifth 

grade had an undergraduate major in mathematics or mathematics education (Malzahn,

2002). In 2003, NCTM further recommended elementary mathematics teachers take 

college coursework in the five major content areas: algebra, number and operations, 

geometry, and probability and statistics. According to Banilower et al. (2013), 10% of 

the elementary teachers surveyed completed coursework in all five of the content areas 

and 57% completed only 1—2 mathematics course out o f the five recommended by 

NCTM. The National Educational Longitudinal Study (1988) found that teachers with a 

degree in mathematics or mathematics education have a positive effect on student test 

scores (Hall & Eddy, 2009) In a study by Reys and Fennell (2003), many preservice 

elementary teachers were uneasy thinking of themselves as the primary person 

responsible for organizing and delivering mathematics instruction. Chan and Jarman 

(2004) stated that despite these facts, teachers in self-contained elementary setting are 

unrealistically expected to be specialists and experts in mathematics.
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Lack of Teacher Preparation in Mathematics 

More than ever, an essential factor to employment opportunities and full 

participation in society is one’s ability to apply mathematical concepts in everyday life 

and in the workplace (NCTM, 1989). In short, a lack o f mathematical competence keeps 

doors to future opportunities closed. Learning mathematics from a teacher with a full 

content background and strong pedagogical foundation has been found to be an important 

factor for elementary student achievement (Ball, 1990; NCTM, 2000; Reys & Fennell,

2003). According to the NCTM, students’ understanding of mathematics, their ability to 

use it to solve problems, and their confidence in doing mathematics are all shaped by the 

teaching they encounter in school. One o f the most significant issues identified with 

implementing standards-based mathematics instruction is the lack of adult mathematical 

knowledge (Battista, 1999).

Mathematics and science are often at a disadvantage in self-contained settings 

because most teachers, though considered generalists, tend to be reading and language 

arts content specialists. In departmentalized settings, students have the opportunity to 

receive content- and pedagogy-rich instruction from one teacher. Teachers also have the 

ability to focus and specialize in one subject (McPartland, 1987). Research supporting 

specialized mathematics teachers on the elementary level suggests it is more achievable 

to improve the mathematics knowledge o f a few elementary teachers rather than the 

entire teaching force (Wu, 2009). The TIMSS noted in extended studies that some 

countries like China and Singapore, which scored higher than the United States, use full

time elementary mathematics teachers (National Mathematics Advisory Panel, 2008).
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Rigorous Standards-Based Mathematics 

The debate on what to teach and how to teach mathematics (content and 

pedagogy) has given way to at least two primary curriculum, instruction, and assessment 

philosophies. Traditional versus standards-based mathematics has been a heated 

argument among the mathematics community for decades. Both sides of this debate 

present rationales for their approach to mathematics teaching and learning.

NCTM first presented standards in 1989 for mathematical content and thinking 

processes in the hope of making mathematics consistent across grade levels nationally. 

Standards-based mathematics focuses on conceptual understanding and the 

connectedness of mathematical ideas within and across disciplines. Constructivist 

curriculum and instructional ideologies are the fundamental theoretical basis for 

standards-based mathematics. This approach to mathematics emphasizes problem 

solving, critical thinking, and multiple representations rather than the rote, discrete, and 

isolated mathematics skills favored in traditional approaches. The process of solving 

problems and the application o f mathematic concepts is considered more important than 

memorizing facts and procedural algorithms. Currently standards-based curriculum has 

been considered the most viable method in preparing students in mathematics (NCTM 

1989). According to the NCTM (1989), “High but attainable curriculum standards are 

required to produce a society that has both the capability to think and reason 

mathematically and a useful base of mathematical knowledge and skills need for 

everyday life” (p. 3).

The role of the teachers in standards-based mathematics classrooms is to 

facilitate student learning and assist students in making connections in and across the
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discipline. The NCTM (2000) identified five content standards students should learn to 

be successful mathematical thinkers. The standards include numbers and operations, 

algebra, geometry, measurement and data analysis, and probability (Table 2). There is a 

heavy emphasis on numbers and operations and geometry in the early elementary years. 

As students move from Grades 3 to 5, algebra becomes more emphasized. In addition to 

the five content standards, the NCTM has also suggested five process standards intended 

to develop mathematical habits o f mind. Problem solving, reasoning and proof, 

communication, connections, and representations are necessary in acquiring and applying 

content knoweledge. Instructional methods favored are small groups, problem-based 

learning, and integration of technology. In order to support standards-based instruction, 

teachers must have mathematical content knowledge and mathematics pedagogy 

knowledge.

Table 2

NCTM Content and Processing Standards

NCTM content strands NCTM processing standards

Number and operations Problem solving

Algebra Reasoning and proof

Geometry Communication

Measurement Connections

Data analysis and probability Representations
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Statement o f the Problem 

The NCTM (1989) stated, “Mathematics literacy has become a critical filter for 

employment and full participation in our society” (p. 4). However, student achievement 

in mathematics, particularly in urban areas, is a consistent concern in the United States. 

One factor noted from the lack of student achievement in mathematics is teacher 

knowledge and training (see Figure 1). Research suggests that teachers either are under 

qualified or have a negative perception of themselves as mathematics teachers (Darling- 

Hammond & Sclan, 1996; Freeman, Scafidi, & Sjoquist, 2002). Chan and Jarman (2004) 

suggested that elementary teachers are unrealistically considered content specialists and 

required to provide strong foundational instruction in mathematics.

Urban education

More than 80% 
of the U.S. 
population 
lives in urban 
areas (U.S. 
Census, 2012)

Most o f  those 
students are 
minority and o f  
low SES status.

Elementary teachers 
have mediocre 
performance in 
comparison to other

, elementary teachers 
have a mediocre 
content and 
pedagogy 
knowledge in 
mathematics 
(National Council 
on Teacher Quality, 
2012)

Math Teacher
achievement preparation

Standards-based
mathematics

Skills needed by 
teachers today 
include (a) a deep 
understanding of 
the content, (b) 
knowing bow 
student learn 
mathematics, and 
(c) employing 
instructional and 
assessment 
strategies that 
help students 
leam
mathematics 
(Reys & Fennell, 
2003).

Figure 1. A visual representation of the four factors related to the problem for this study.
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Efforts to address low student performance in mathematics have been attempted 

through additional funding, smaller class sizes, and culturally responsive curriculum and 

pedagogy. Departmentalization on the elementary level is one of several organizational 

structures that may also benefit students and teachers in the area of mathematics in urban 

areas. There are few studies on departmentalization in elementary school mathematics. 

Findings from those studies show mixed results.

The goal of this study was to provide additional research on departmentalization 

in urban elementary school mathematics. Fifth-grade student achievement in 

departmentalized and self-contained settings was compared using the 2011 Georgia 

Criterion-Referenced Competency Test (CRCT). Research in this area can provide 

further insight into urban elementary mathematics education.

Purpose of the Study

The purpose of this correlational study was to expand the body of research on 

mathematics education in urban elementary schools by comparing student achievement in 

departmentalized and self-contained settings. Mathematics is the primary subject of 

interest due to the underachievement o f students in urban areas and consistent concerns 

about mathematics achievement in the United States. This study can provide evidence to 

assist school and district level curriculum and instructional planners in making decisions 

about urban elementary structures that support mathematics achievement. Fifth-grade 

student performance in departmentalized and self-contained settings was compared using 

the 2011CRCT scores. Participants in this study included fifth-grade students in 

metropolitan districts in Georgia. Results from the 2011 CRCT were used to compare 

student achievement in departmentalized and self-contained settings.



12

Design

The research questions were addressed using a quantitative research method. A 

correlational research design was used to determine if there was a relationship between 

type of classroom instruction and student achievement. The outcome variable for this 

study was the fifth-grade mathematics performance on the 2011 CRCT. Data were 

analyzed on the school level rather than on student level to maintain student 

confidentiality. There were three moderating school variables for this study: (a) percent 

free and reduced lunch (percentage of students eligible for the free and reduced lunch 

program), (b) race/ethnicity (percentage o f minorities), and (c) school size. A more 

detailed description of the research design is discussed in Chapter 3.

Research Questions and Hypotheses

1. Is there a significant difference in fifth-grade mathematics CRCT scores 

between urban students who receive mathematics instruction in a 

departmentalized classroom setting and urban students who receive 

mathematics instruction in a self-contained classroom setting?

Hoi: There is not a significant difference in fifth-grade mathematics 

CRCT scores between urban students who receive mathematics 

instruction in a departmentalized classroom setting and urban 

students who receive mathematics instruction in a self-contained 

classroom setting.

2. Is there a significant difference in fifth-grade mathematics CRCT scores 

between urban students who receive mathematics instruction in a 

departmentalized classroom setting and urban students who receive
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mathematics instruction in a self-contained classroom setting when controlling 

for percentage of students eligible for the free and reduced lunch program 

(FRL), race/ethnicity, and school size?

Ho2: There is no significant difference in fifth-grade mathematics CRCT 

scores between urban students who receive mathematics instruction 

in departmentalized classroom setting and urban students who 

receive mathematics instruction in self-contained classroom setting, 

when controlling for percentage of students eligible for the free and 

reduced lunch program (FRL), race/ethnicity, and school size.

3. Is there a statistically significant interaction between percentage o f students 

eligible for the free and reduced lunch program (FRL) and organizational 

structure in terms of fifth-grade CRCT mathematics performance?

Ho3: There is no statistically significant interaction between percentage of 

students eligible for the free and reduced lunch program (FRL) and 

organizational structure in terms of fifth-grade CRCT mathematics 

performance.

Assumptions

The following assumptions were identified for this study. In departmentalized 

settings, it was assumed that the teacher with the most qualifications and strongest 

background in mathematics provided instruction in mathematics. It was assumed that 

school setting categories, provided by schools through an online survey are correctly 

identified as departmentalized, semi-departmentalized, or self-contained. Teachers 

providing instruction in departmentalized and self-contained classes were assumed to be
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highly qualified and certified in the state of Georgia to teach elementary level 

mathematics. It was assumed that elementary teachers providing mathematics instruction 

in departmentalized and semi-departmentalized settings are the most knowledgeable in 

that content. The CRCT is the state-required assessment all students in Georgia must 

take. It was assumed that the assessment was provided in a standardized testing 

environment in each school.

Limitations

This study investigated the differences in mathematics achievement o f fifth-grade 

students in departmentalized and self-contained settings. One limitation o f this study was 

use of school level data rather than individual student scores. School level data provide 

an average scale score for the school. Student level CRCT scores are restricted in some 

districts, which did not allow for closer analysis. Therefore, individual scores that may 

show more variation were not considered.

Many factors can influence student achievement in the classroom. The second 

limitation is confounding variables. Variables not considered in this study were the 

training, teacher efficacy, number of years o f experience, certification area, or 

effectiveness of the teachers providing mathematics instruction. Teacher training and 

certification area have been found to have an effect on student learning. According to 

National Center for Education Statistics (201 la), teachers with more years of experience 

tend to have students with higher scores. Teachers with more mathematics content 

courses and training also have higher student achievement scores (National Center for 

Education Statistics, 201 la).
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Lastly, teacher self-confidence or efficacy in teaching mathematics can also affect 

student performance. Self-efficacy is defined as a personal belief that one’s actions and 

goals can be attained or accomplished. A positive disposition in mathematics can be 

manifested in higher student achievement (Butty, 2001). A lack of self-efficacy in 

teaching mathematics can yield mathematics anxiety and feelings o f uneasiness, thus 

affecting students’ performance (Vinson, Haynes, Brasher, Sloan, & Gresham, 1997).

Role of the Researcher 

My background and experience in education includes inner-city urban teaching, 

coaching, and leadership. My primary work over the past 10 years has included 

instruction and professional development in mathematics and science. Currently, my 

work reflects major components of this study. I am an elementary school principal in a 

large urban school district with a high population of low socioeconomic status and 

minority students. Additionally, the elementary school in which I serve as principal has 

used the departmentalized setting for fifth-grade math over the past 3 years. Therefore, 

my biases related to urban elementary mathematics education for low socioeconomic 

(SES) minority students in urban areas are considered in this study.

Definition o f Key Terms 

This section will provide a list o f key terms that are used throughout the research. 

The abbreviations and terms used in this section are intended to ensure that information is 

not misinterpreted or confused, as many abbreviations and words are used in different 

fields of study. The key terms are not exhaustive, but considered the most relevant to this 

study.



16

Criterion-Referenced Competency Test (CRCT). The summative assessment 

chosen to measure students’ performance on state adopted standards is called the CRCT. 

Georgia reports performance in three categories: (a) exceeds is a performance by schools 

or districts on the CRCT that exceeds state expectations scoring 850 or above, (b) meets 

is a performance by schools or districts on the CRCT that meets state expectations 

scoring between 800-849, (c) does not meet is a performance by schools or districts on 

the CRCT that is below state expectations scoring below 800.

Departmentalization. Departmentalization is a school organizational setting 

where students typically change classes to receive instruction in each subject by a 

specialized teacher. Departmentalization is an organizational structure primarily found 

on the middle and high school levels (Chan & Jarman, 2004).

Flexible groups. Flexible groups are temporary heterogeneous or homogeneous 

groups of students placed together in a classroom. Students can be placed in these groups 

for a lesson or until mastery of a skill is achieved. Flexible groups are not intended to be 

permanent.

National Assessment o f  Educational Progress (NAEP). NAEP is a national 

assessment in mathematics, reading, science, writing, the arts, civics, economics, 

geography, and U.S. history for students in Grades 4, 8, and 12.

Self-contained setting. A self-contained classroom is defined as an elementary 

setting where students receive instruction in core content areas by one teacher. Art, 

music, and physical education are supplemental courses provided by a specialized 

teacher. Self-contained settings are the primary organizational structure in elementary 

school settings (Rogers & Palardy, 1987).
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Semi-departmentalized. In the semi-departmentalized setting, students are 

assigned a homeroom but move to specialized teachers for blocks o f instruction. For 

example, students may receive language arts and reading in one block, mathematics and 

science in another block, and social studies and health in another block (Rogers &

Palardy, 1987).

Specialized mathematics teachers. Teachers who provide full-time mathematics 

instruction all day are considered specialized mathematics teachers. This term is also 

used interchangeably with departmentalized teachers.

Standards-based mathematic education. Standards-based education refers to 

guidelines produced by the NCTM that outline what students should know and be able to 

do in five domains of mathematics; algebra, data and probability, geometry, numbers and 

operations, and measurement.

Tracking. Tracking is defined as a grouping pattern where students are placed 

based on their academic or skill level. Tracking is predominately permanent placement 

for a homogeneous group of students.

Traditional setting. A traditional setting is often used interchangeably with self- 

contained setting. A traditional setting is defined as an elementary setting where students 

are taught by one teacher in all content areas all day.

Trends in Mathematics and Science Study (TIMSS). TIMSS is an international 

assessment offered to countries every 4 years to measure student achievement in reading, 

mathematics, and science. Students in Grades 4, 8, and 12 are provided the assessment.

Urban areas. Urban areas are defined as an area of 50,000 or more people (U.S. 

Census Bureau, 2012).
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Summary

Shifts in the nation’s demographics toward urban areas, changes in content and 

pedagogy expectations for elementary mathematics, and low student achievement scores 

have made it necessary to consider alternative structures for elementary mathematics 

education. Mathematics achievement is o f particular importance because it is often 

considered the gatekeeper to postsecondary education (Moses & Cobb, 2001). Compared 

to other competitive countries, student achievement in mathematics in the United States 

shows slow progress (Hanushek et al., 2010; Phillips, 2007; Viadero, 2010). Lack of 

teacher preparation in content and pedagogy is considered one reason for the low student 

performance results (McCrory & Cannata, 2011; Reys & Fennell, 2003). In addition, 

urban population in the United States is expected to increase over the next two decades 

from 920 million people to just over one billion by 2025 (Global Health Organization, 

2012). About 82% of the country’s population was reported to live in urban areas in 

2010 and 2011 (Global Health Organization, 2012). Therefore, the purpose of this study 

was to explore how organizational structure affects student achievement in urban 

elementary standards-based mathematics.



CHAPTER 2 

LITERATURE REVIEW 

A variety of elementary school organizational structures has been tried as a means 

to improve student performance in mathematics. Two primary classroom organizational 

structures researched for this study were self-contained and departmentalized settings. A 

review of the literature related to this topic revealed mixed results.

This chapter is organized in five sections. The first section contains the three 

theoretical concepts and theories deemed pertinent to the study: pragmatism, 

urbanization, and critical race theory. Following the conceptual framework, research on 

student achievement on international and national assessments is reviewed. The third 

section focuses on teacher preparation and certification in elementary mathematics, 

followed by a review of research on standards-based mathematics curriculum. The final 

section is a review of relevant studies on departmentalization and self-contained settings 

at the elementary level. In Figure 2, a graphic representation of the literature review is 

presented. A series of Boolean keyword searches were conducted using ProQuest and 

other online databases. The following terms were used in various combinations: 

departmentalization, self-contained, specialized teaching, mathematics, mathematics 

achievement, elementary school, elementary school organizational structures, and urban 

education. To narrow the search for related studies and articles, the following criteria 

were used:
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Organization of the Literature Review

Pragm atism  
Urbanization 
Critical Race Theory

Conceptual
Framework

Standards Reform 
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TIMSS
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TIMSS vs. NAEP 
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ES C ertification 
TEDS-M

Figure 2. A graphic representation of the literature review o f the current study.

1. The article, book, or publication was peer reviewed.

2. Empirical, editorial, and theoretical articles pertaining to departmentalized or 

self-contained settings were included.

3. Only studies that involved elementary schools as the population were 

reviewed.

4. Articles that focus on student achievement at the elementary level were used.

Conceptual Framework 

A conceptual framework is defined as assumptions, beliefs, and theories that 

either graphically or narratively explain key factors, concepts, or presumed relationships
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among variables (Miles & Huberman, 1994). Concepts used as a framework for 

departmentalization in elementary school mathematics include pragmatism, urbanization, 

and critical race theory. This subsection of the literature review provides research on the 

underpinning concepts for this study.

Pragmatism

Pragmatism is a theory oriented on problem solving and solutions. It promotes 

practical action rather than passive reflection of a problem or issue. The pragmatic 

theory was developed during the late 19th century. The primary idea o f this philosophy 

is there is no permanent truth because reality is constantly changing. Pragmatists believe 

the constant evolving and dynamic nature of the world does not allow absolute truths 

(Biesta & Burbules, 2003). Truth is therefore what works at that time and within the 

context of the problem. The pragmatic approach is often referenced and used in 

urbanism or urban planning, politics, and social civic arenas. This theory was considered 

central to this study because the goal o f this research was to identify what works for 

elementary mathematics in urban settings.

The three classical American philosophers associated with pragmatism are Pierce 

(1839-1914), James (1842-1910), and Dewey (1859-1952). Pierce was the first o f the 

three theorists on the idea of pragmatism that he later called pragmatic maxim (Biesta & 

Burbules, 2003). Pierce’s pragmatic maxim theory is a logical process of formulating 

hypotheses, testing them, and generalizing the hypotheses into principles. This was a 

method Pierce considered advantageous to finding solutions and developing philosophies 

about those solutions.
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James’ lectures on pragmatism are considered one of the most influential in 

American philosophy. His pragmatic philosophy examined ideas and truth as practical 

approaches to address problems that present themselves in everyday life. He applied a 

pragmatic philosophy in areas like religion, metaphysics, human freedom, moral values, 

and social philosophy. He understood pragmatism as a way of conceiving what is 

valuable and why. James suggested ideas and beliefs are only valuable if  they work 

(Bacon, 2012).

Dewey considered pragmatism more experiential, and applied the theory to his 

ideology of instrumentalism. Dewey’s theory o f pragmatism considered the interaction 

between education and democracy. His ideology focused on the evolutionary properties 

of life and the world (Bacon, 2012). Dewey subscribed to Darwinian theories, in that the 

world is ever changing and adapting. His idea of truth was that which fulfills a purpose 

and is useful. Like the other theorists, Dewey believes that there are no absolute truths. 

All truths change in time and condition.

Pragmatism, and Teaching and Learning

The current challenge facing mathematics education in the United States is 

finding the proper balance between content knowledge and pedagogy. According to 

Dewey, good teachers are those who could create “genuine intellectual activity” in 

students. He believed that producing this type o f thought in students is intimately tied to 

discipline. Extending human curiosity, inquiry, and search for truth would be possible by 

teachers who knew the subject matter in ways that allowed them to challenge student 

thinking (Biesta & Burbules, 2003).
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Teaching methods favored by pragmatists would include hands-on problem 

solving, experimenting, and group work (Dewey, 1916). The teacher serves as the 

facilitator, helper, and orchestrator of relevant learning experiences. Instructional 

methodology would include open discussion varied ways to solve problems, and project 

based learning. Pragmatists believe students learn differently and at different rates and 

paces. Learning experiences should be organized in a way to motivate interest and 

engage students. Therefore, content is not restricted and confined to ridged steps or 

sequences. The psychological needs of the learner are weighted more heavily than the 

order of the discipline and subject. Learners are active participants in the learning 

process and should apply their knowledge through experimental inquiry. Important to the 

pragmatist thinker is the opportunity for the learner to explore and interact with the 

curriculum. The classroom environment should resemble a student centered learning 

approach.

In a pragmatic view, aims and goals for education should grow out of the current 

conditions of the society (Dewey, 1916). Becoming popular in the late 19th and early 

20th century, pragmatic thinking grew in light o f the expanding access of education in the 

United States. Pragmatism in education was embraced due to the changing demographics 

and needs of the society. One primary change in demographics is the process of 

urbanization. Pragmatists view education as vital piece o f society because schools 

prepare children for the future and changing needs of the society (Dewey, 1916). The 

next subsection of the conceptual framework further explores aspects o f urbanization and 

problems that currently face urban education.
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Pragmatists favor interdisciplinary education rather than departmentalized 

curriculum. Current mathematics curriculum and instructional practices support this 

pragmatist view. Standards-based mathematics embraces and encourages students to 

solve problems using a variety o f skills and tools within and across the mathematics 

discipline. Recommendations on content important for student to know and understand 

were presented by the NCTM in 1989. The standards have evolved over time; however, 

consistencies in the standards are the interdisciplinary approach to developing 

mathematics competency (NCTM, 1989). Standards include concepts across five major 

areas in mathematics, algebra, geometry, measurement, numbers and operations, and data 

and probability (NCTM, 2000). These concepts are taught in concert rather than in 

discrete courses and subjects. Students in a standards-based fifth-grade mathematics 

classroom would be instructed in all five areas.

Urbanization

Urbanization is defined as the increased migration of rural and suburban 

populations to urban areas. The primary reason urbanization occurs is due to the 

concentration of resources, jobs, and housing available in cities. Socioeconomic issues 

such as poverty, unemployment, crime, changes in family structures have become 

synonymous with urban areas (Freeman et al., 2002). Increased populations in urban 

areas strain resources like healthcare, transportation systems, and educational structures. 

According to the 2012 U.S. Census, over 80% o f the United States population resides in 

urban areas. A large percent of that population is African American or Hispanic (Anyon, 

1997a; Lewis, James, Hancock, & Jackson, 2008).
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Industrialization, immigration, and post-civil war flight were the initial reasons 

for the sharp increase in population in urban areas in the mid-1800s and 1900s. 

Desegregation through the 1954 Supreme Court ruling o f Brown v. Board o f  Education 

introduced another issue for urban schools to address. Educational policy and school 

reform movements have attempted to address the issue of equity and access due to the 

growing number of minority students in urban schools. The enrollment of minority 

students has grown from 22% to 39% between 1972 and 2000. Currently, minority 

students outnumber European American students in large cities and urban schools. 

According to Anyon (1997a), “About two-thirds o f the U.S. poor live in central cities and 

‘urbanized’ financially distressed suburbs” (p. 24). The needs of public education in 

urban areas therefore must address these changes and socioeconomic issues.

Urban Education

Schools in urban areas have been subject to much study and research due to 

unique issues in diversity and economic variations of the students that are served. 

Characteristics of urban education include large school districts primarily serving student 

living in poverty. Dilapidated facilities, scarce resources, and minimal and inequitable 

funding are traits also associated with urban education (Anyon, 1997a; Steinberg & 

Kincheloe, 2004). Additionally, high teacher turnover, less experienced teachers, and 

fewer teachers with higher degrees are factors related to quality instruction in urban 

schools (Freeman et al., 2002).

Quality instruction is often lacking due to poor training and teachers struggling to 

make learning relevant for urban populations. According to Darling-Hammond and 

Sclan (1996), students in urban schools have a 50% chance o f being taught by a teacher
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certified in mathematics (Darling-Hammond & Sclan, 1996). Further aggravating the 

issue of quality instruction is limited curriculum resources and overcrowded classrooms 

(Ladson-Billings, 2001). Minority students are frequently placed in special education 

programs or tracked into lower level courses (Vang, 2005).

The school reform movement of the 1990s and No Child Left Behind (NCLB; 

2001) focused in part on the achievement gaps o f minority students and student o f low 

socioeconomic backgrounds. The focal populations of this study are students of similar 

backgrounds in urban elementary schools in a metropolitan area of the southeastern 

United States. In a series of studies by Freeman et al. (2002), a phenomenon called re

segregation was detected in the state of Georgia. The study showed that unlike other 

southern states, Georgia public elementary schools have remained consistently segregated 

between the 1970s and 1980s. This trend has remained consistent over the last three 

decades. During the 1970s, the percentage of African American children who attended 

majority European American schools was 35%. The percentage increased by the 1980s 

to 38%. This was only a slight increase of 3% over 10 years.

Schools in suburban and urban areas historically tend to be more segregated than 

rural schools (Freeman et al., 2002). This was determined through a calculation that 

included measure of the total number of African Americans and European American 

people in the geographic area and the measurement o f those groups observed in the 

school, district, and neighborhood. A scale score from 0 to 100 was generated on the 

segregation of elementary schools in Georgia between 1995 and 2001. High numbers 

denote a more segregated elementary school. In 1994-1995 school year, the segregation 

index was relatively high at 60.2. Over a 7-year period, the segregation index for
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Georgia elementary school was 62.1, which indicates that schools became more 

segregated. Thus, for the 2001-2002 academic year, 62.1% of elementary school 

students would have had to change schools in order to have the same African American 

and European American racial makeup in each elementary school in the. The study noted 

that segregation within school districts was higher than between school districts.

Critical Race Theory

The review of literature on urban education contained a consistent theme related 

to equity, ethnicity, race, and poverty. The third underpinning theory considered relevant 

to this study is critical race theory. Critical race theory (CRT) evolved in the 1970s from 

critical legal studies. Minority law professionals such as Freeman, Delgado, and Bell 

reported that issues related to race were being overlooked in critical legal studies 

(Monaghan, 1993). In short, CRT acknowledges the connection between race and 

society. There are four foundational principles o f CRT that are consistently referenced in 

the literature.

First, critical race theorists argue that the treatment o f people based on race is a 

normal and usual practice in the United States (Delgado & Stefancic, 2000). Historical 

practices and institutional structure enable race to be consistent factor in social and 

economic structures. Second, critical race theorists employ storytelling as an 

epistemological resource rather than traditional positivist scholarship to investigate 

common cultural institutions that invariably render blacks and other minorities to a lower 

socioeconomic status (Delgado & Stefancic, 2000). Third, the concept of liberalism is 

scrutinized and challenged in the critical race theory. Liberalism suggests that 

government is meant to maximize liberty and equitable treatment o f all citizens.
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However, critical race theorist argue that the dominate culture in the United States does 

not fully engage in liberty and equity. Ideas like colorblindness and neutrality o f law is 

not possible. The fourth and last principal argues that legislation like affirmative action 

and civil rights have primarily benefited European American women. Critical race 

theorists question the motives o f these policies and suggest that they are not meant to 

benefit people of color (Delgado & Stefancic, 2000).

The Role of Critical Race Theory in Mathematics Education

While CRT originated in legal studies, the theory has been expanded to other 

disciplines like education, specifically mathematics education. The educational 

perspective of CRT proposes that race continues to be a significant factor in United States 

education (Ladson-Billings & Tate, 1995). Critical race theorists argue that slavery, 

segregation, and other social and economic constructs perpetuate practices o f racism in 

education in the United States (Jett, 2012; Taylor, Gillbom, & Ladson-Billings, 2009). 

Despite the intentions of NCLB to address the academic needs of all students, 

achievement gaps are still evident between urban, suburban, and rural areas among 

African American, Hispanic, and European American students. According to NAEP 

(2013), fourth-grade mathematics results show that 15% of African American students 

score at proficient levels compared to 59% o f European American students. Mathematics 

achievement and mathematics literacy is considered critical in providing students 

pathways to higher education (Schoenfield, 2002). Moses and Cobb suggest that 

mathematics achievement is a civil rights issue because the lack of mathematics 

knowledge has the ability to relegate students to a second-class economic status (Moses 

& Cobb, 2001). As stated by Tawfeeq and Yu (2012),
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In spite of attempts by many mathematics teachers, educators, and researchers to 
provide all students with an ‘equitable,’ meaningful, and high-quality 
mathematics learning experience, historically marginalized segments o f the U.S. 
population continue to experience injustices in terms of learning opportunities and 
educational resources, (p. 28)

Research on urban student achievement suggests that student discipline issues, 

poor student health and limited access to learning resources, are characteristic of urban 

setting that add to the achievement gap (Thompson, Ransdell, & Rousseau, 2005). 

Coupled with teacher turnover and poorly trained teachers, as discussed previously, 

minority students in urban public schools are at a disadvantage in the classroom in 

receiving a quality education. African American students have been described as an 

endangered species due to poor performance in classrooms across the nation (Ascher, 

1994).

CRT in education considers institutionalized and structural racism which is 

defined as rules, procedures, and practices utilized by the dominate race group that 

negatively affect subordinate groups. Examples o f institutionalized and structural racism 

that affect mathematics learning of African American students are tracking, lack of 

exposure to better teachers, limited access to technology, and a disconnection of 

classroom mathematics to home environment (Vincent & Waters, 2005).

Tracking

Tracking was the first racial structure and institutionalized system identified in the 

research by Vincent and Waters (2005) that affects student achievement in mathematics. 

Tracking is defined as a long termed assigned grouping based on presumed lack in ability 

utilizing measures like standardized test scores. Oakes (1990) characterizes the practices 

of tracking as dividing students in to separate classes, typically identified as high,
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average, and low achievers (Hallinan, 1994). This practice places students in curriculum 

paths that either support or encourage enrollment in higher mathematical courses or 

college, while students assigned to lower curriculum tracks are considered bound for 

vocational education and jobs in labor (Oakes, 1990). Mathematics and reading are 

typically subjects in which students are tracked. African American and Latino students 

are frequently tracked into lower mathematics classes. Students in tracked classes often 

are homogenous groups and have limited opportunity to interact in academic settings 

with students of various abilities (Black, 1992).

Advantages and disadvantages o f tracking have been well researched. Proponents 

of tracking suggest that ability grouping or tracking allows students to learn at their own 

pace and receive targeted instruction (Agne, 1999). Opponents state that tracking creates 

a caste system in which upper class European American students are tracked into higher- 

level classes and minority students are ability grouped into lower tracks (Oakes, 1985; 

Slavin, 1988). Students placed in lower tracks have challenges in building self-esteem 

(Oakes, 1985; Slavin, 1998) and developing an enthusiasm for academic achievement 

(Furr, 1993). Additionally, students in lower tracked classes are bombarded with 

curriculum that often features dull instructional practices, like repetitive basic skills 

activities (Heubert & Hauser, 1999; Loveless 1999). As a result, the student achievement 

gaps are exacerbated by tracking practices. Further, research by Heubert and Hauser 

(1999) found the achievement gap between low and high tracked students widens over 

time.
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Teacher Quality and Critical Race Theory

The second institution structure effect considered by critical race theorists and 

pertinent to this study is the lack of exposure to high quality teachers in urban areas. As 

stated previously, urban schools have a high population of minorities and students living 

in poverty. Highly qualified teachers in low-achieving schools either quit or transfer to 

higher performing schools, leaving low achieving schools with the least qualified 

teachers (Haycock, 1998, 2000). Schools with a minority population greater than 50% 

experience teacher turnover at twice the rate of schools with lower minority populations 

(Lankford, Loeb, & Wycoff, 2002; National Center for Education Statistics, 1998). 

Similar findings were also found in relation to socioeconomic status. According to 

Ingersoll (2001), schools with 50% or more of students at low poverty levels have 

significantly higher teacher turnover rates.

A study by Lankford et al. (2002) supported Haycock’s assertion that “less- 

qualified teachers teach poor, nonwhite students” (p. 47). This study analyzed the 

difference in teacher quality in New York public schools, using number o f years of 

experience, type and level o f degree, certification, and percent of teachers who passed the 

state certification assessment at the first attempt. The study found that 30% of poor 

students were taught by teachers who failed the state certification exam compared to 21% 

of students considered non-poor. Therefore, minority and low socioeconomic status 

students are at risk of receiving mathematics instruction in schools with high teacher 

turnover and from teachers with lower qualifications (National Commission on Teaching 

and America’s Future, 2003; Tate, 1997). Low student achievement suggests that
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curriculum and instruction must be designed to support the learning needs o f minority 

students and pragmatically address issues related to urban education.

Conceptual Framework Summary

The three conceptual underpinnings for this study were pragmatism, urban 

education, and critical race theory (CRT). The pragmatist believes the role of education 

is to address problems and issues relevant to the time and current problems in society. A 

current problem in education is the growing change in demographics in urban public 

schools and the achievement gaps in elementary mathematics. Research shows that 

populations in urban public schools are primarily minorities at or below poverty level 

(Anyon, 1997a; Orfield, 1993). Therefore, urban education and CRT were also 

considered as underlying concepts for this study. Critical race theory in education 

considers issues related to marginalization of students based on race, gender, or 

socioeconomic status. Access to mathematics is considered a civil right because it 

provides students access to higher education (Moses & Cobb, 2001; Schoenfield, 2002). 

Teacher quality, lack of resources and residual effects of institutionalized racial practices 

like tracking has lingering effect on student mathematics achievement in urban schools. 

Student achievement in mathematics continues to be a primary concern in the United 

States (Gerretson et al., 2008). The gap in student achievement between minority 

students and their European American peers continues to be an issue in mathematics.

The next portion of the literature review will examine student performance in 

mathematics on international and national assessments.
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The State o f Mathematics Student Achievement 

One consistent and compelling research area is weaknesses in the mathematics 

performance of U.S. students (Kilpatrick et al., 2001). Student achievement in 

mathematics is considered a gatekeeper to postsecondary success (Moses & Cobb, 2001). 

National and international assessments over the past 30 years indicate that U.S. students 

are able to perform well on straightforward computational procedures (NAEP, 2011). 

However, there are notable deficiencies in their ability to solve problems and apply 

mathematical skill. While evidence over the past decade does show some improvement 

in mathematics performance in several states, many students still do not have access to 

the quality of mathematical instruction necessary to support them in achieving at high 

levels (NAEP, 2011).

The future success o f a nation is based on the level o f education o f its workforce 

(Gordon, 2007). However, the 2011 TIMSS shows U.S. students are still performing 

below international competitors. The first international mathematics study was 

conducted in 1964 and provided the initial set o f international data on mathematics. 

Student performance at that time was considered poor in comparison to other leading 

industrialized countries. The Second International Mathematics Study (SIMS) was 

conducted 20 years later and revealed the same trend. SIMS (1982) provoked 

considerable controversy when it revealed that American students were “distinctly 

mediocre in mathematics when compared to their peers in most other countries” (Fowler 

& Poetter, 1999. p. 1). Several publications regarding mathematics education were 

printed in response to the SIMS: A Nation at Risk (National Commission on Excellence 

in Schools, 1983), The Underachieving Curriculum: Assessing U.S. School Mathematics
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from An International Perspective (McKnight et al., 1987), and Curriculum and 

Evaluation Standards fo r Mathematics (NCTM, 1989). These reports and others sought 

to define the problem, provide recommendations, or create standards to revise 

mathematics curriculum and instruction.

One finding that emerged from various SIMS studies was that the United States 

did not have national standards that were evident in other top performing countries. The 

NCTM (1989) attempted to fill this void by creating a set of principles and standards. 

These standards were intended to provide educators with a resource guide to plan 

mathematics curriculum, deliver instruction, and assess student learning (NCTM, 2000).

The TIMSS represent the third assessment in a series o f international tests. This 

assessment has been provided every 4 years since 1999. The most recent TIMSS was 

provided in 2011. TIMSS is often looked to as a primary method to rank and compare 

countries intellectually. United States students consistently underperform in mathematics 

on international tests when compared with European and Asian students (Dossey, Mullis, 

Lindquist, & Chambers, 1988). Achievement in the United States is declining or 

remaining steady as other competitive countries are increasing and making gains 

(Omstein, 2010). In 2005, the United states ranked 24th out of 29 nations on the PISA. 

Omstein cited 10 possible reasons for the low performance o f U.S. schools on 

international assessments.

1. Nearly half of the teachers in the U.S. providing instruction in mathematics 

and science are not qualified. Teachers providing instruction in mathematics 

and science are often out o f field and not certified or qualified.
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2. U.S. schools require less mathematics coursework on the high school level 

compared to countries like Japan, South Korea, and Hong Kong.

3. Items contained on international tests may not reflect topics studied by 

American students.

4. Presentation of mathematics and science content in textbooks differs greatly in 

U.S. schools. Unlike some countries that approve textbooks through a 

governing education body to maintain consistency, American textbooks vary 

in quality and content. Textbooks are often written to appease a wide 

audience and therefore lack depth in concepts, coherence, and focus.

5. American students do less homework than students do in other countries.

U.S. students are more likely to be more involved in social activities, part time 

jobs, and after school activities than are students in other international 

countries.

6. Television viewing and internet surfing averages about 3.5 hours per day for 

American students.

7. American students experience shorter school days than European and Asian 

students do. U.S. schools have an average of 180 days of school in 

comparison to some Asian countries that average 220 days.

8. Social issues such as drug addiction, student violence, gang activity, and teen 

pregnancy are higher among American students than other countries.

9. A majority o f American students live in a single-family household.

10. Competing countries may selectively assess students for international test.
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2011 TIMSS Assessment

The TIMSS assessment items are straightforward and factual. They test what 

students should learn in a mathematics class (Omstein, 2010). Test items are developed 

by a consortium of representatives to the International Association for Evaluation of 

Educational Achievement. The 2011 TIMSS assessment comprises 175 multiple choice 

and constructed response questions to test content and cognitive dimensions in 

mathematics. Three content areas are typically assessed on the mathematics portion of 

the TIMSS assessment. Half of the fourth-grade assessment comprises concepts related 

to number systems, 35% were about geometric shapes and measures, and 15% were data 

displays. Cognitive domains included knowing, applying, and reasoning at 40%, 40%, 

and 20% respectively. Scores range from 0-1,000 with 500 as the center point. Typical 

scores range from 300-700. The 2011 TIMSS scores were analyzed through comparing 

the highest performing countries to the United States.

The first set of data reported by the 2011 TIMSS is on content dimensions. 

Mathematics achievement in Singapore, Korea, Hong Kong SAR, Chinese Taipei, and 

Japan continue to be the top performing countries on the fourth-grade level. The average 

scale score for Singapore was 606 closely followed by Korea at 605 and Hong Kong at 

602. Chinese Taipei and Japan complete the top five raking countries with an average 

scale score o f 591 and 585. Twenty-three points separate the top five scoring countries 

from the next five top performing countries. Northern Ireland, Belgium (Flemish), 

Finland, England, and the Russian Federation scale scores range between 562 and 542. 

The United States ranked 11th with an average scale score of 541. Average scale scores 

of states within the United States were also disaggregated and showed that North
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Carolina and Florida scored slightly higher than the U.S. average scale score at 554 and 

545 respectively.

Fourth-grade mathematics achievement increased steadily in Singapore between 

1995 and 2011. A 4-point increase was calculated between 1995 and 2003. Between 

2003 and 2007, the average scale score increased by 5 points. The largest increase in 

score was 7 points between 2007 and 2011 from 599 to 606. In comparison, United 

States scores largely increased but were still far below the average scale score of top 

performing countries. In 1995 and 2003, the average scale score for fourth graders in the 

United States was 518. The score increased by 11 points to 529 in 2007 and 12 points to 

541 in 2011 (NAEP, 2011).

According to the National Center for Education Statistics (2010), fourth-grade 

students assessed on the 2007 TIMSS were eighth graders. Therefore, the results provide 

insight into how students’ progress in mathematics over time. The scale score for United 

States fourth graders in 2007 was 529. In 2011, the average score for eighth-grade 

students was 509. In comparison, Singapore fourth graders scored 599. By 2011, those 

fourth graders scored 611 on the eighth-grade test. The results support the assertion that 

United State students mathematics abilities wane as they matriculate from elementary to 

middle school.

Cognitive dimensions are the second set o f data reported on the TIMSS. Scores 

are reported as advanced, high, intermediate, and low using the same scale score of 0 to 

1,000. An advanced score shows that students have the ability to apply their 

mathematical knowledge to a variety of multistep, relatively complex situations and 

explain their reasoning (National Center for Education Statistics, 201 lb). In contrast, a
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low score shows that students have a basic knowledge of mathematics. Skills that 

students are able to master are simple arithmetic and computational skills, identifying 

familiar geometric shapes, reading basic bar graphs, and solving simple problems 

(National Center for Education Statistics, 201 lb). Thirteen percent o f United States 

fourth graders achieved advanced scores in the cognitive dimension. In comparison, the 

percent o f fourth graders scoring at the advanced level in Singapore, Korea, Hong Kong, 

Chinese Taipei and Japan, was 43%, 39%, 37%, 34%, and 30% respectively. 

Approximately 80% of the top three performing countries perform at high and advanced 

levels in cognitive mathematics dimensions. Less than half o f the United States students 

performed at high and advanced levels.

Several variables were considered in the 2011 TIMSS including resources, school 

location, classroom instruction, and teacher preparation. Teacher preparation is a strong 

predictor of student achievement, more so than socioeconomic and language background 

factors (Darling-Hammond, 2000). In terms of teacher preparation, fourth-grade students 

taught by teachers with an education major had the highest average performance on the 

2011 TIMSS followed by students taught by teachers with both education and 

mathematics majors.

The 2011 TIMSS investigated the confidence level o f teachers in answering 

students’ questions about mathematics, showing students a variety of problem solving 

strategies, providing challenging tasks and adapting teaching methods to engage student 

interest and learning needs (National Center for Education Statistics, 201 lb). Eighty-four 

percent o f United States teachers reported they felt very confident in providing 

mathematics instruction. The top performing country, Singapore, modestly reported 71%



39

of its teachers felt very confident in providing mathematics instruction. Interestingly, 

teacher confidence in teaching mathematics increased on the eighth-grade level to 86% 

while confidence declined to 59% in Singapore.

One of the final variables reported in the 2011 TIMSS study included 

instructional time (National Center for Education Statistics, 201 lb). The total amount of 

hours devoted to mathematics instruction in one academic year in the United States and 

Singapore differed by only 2 hours at the fourth-grade level. However, on the eighth- 

grade level the amount of instructional time differed by 19 hours with United States 

having 157 hours of instruction and Singapore with 138 hours.

There are limitations in comparing countries on international assessments. 

Mathematics content across countries varies and the selection or representation of 

students to be tested is different for each county (Omstein, 2010). TIMSS 2011 results 

suggest that U.S. students’ knowledge of basic facts and procedures is improving. 

However, skills like application and problem solving is still an area o f weakness.

NAEP: A National Perspective of Mathematics Student Performance

The NAEP measures students’ knowledge and skills in reading and mathematics 

in fourth and eighth grade. The first assessment was provided in 1969 and is given 

periodically to provide the public with academic achievement results. In mathematics, 

five content areas (number and operations, measurement, geometry, data analysis and 

statistics, and algebra) are tested (NAEP, 2011). Scores are reported on a scale of 0-500 

in three achievement levels; basic, proficient, and advanced (see Table 3). Basic denotes 

a partial mastery of prerequisite knowledge and skills that are fundamental for the grade 

level (NAEP, 2011). Proficient suggests that students have a solid academic
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understanding of the content and demonstrate competency over challenging subject 

matter. Lastly, advanced represents superior performance and a strong command of the 

subject matter and content.

In 2011, 209,000 students were tested in fourth-grade mathematics in 8,500 

schools. According to a report released by NAEP (2011), 82% of fourth-grade students 

performed at or above the basic level. O f that, 40% scored at or above proficient. Seven 

percent o f that population was in the top quartile, called advanced. The top five 

performing states on the 2011 NAEP were Massachusetts, New Hampshire, Minnesota, 

New Jersey and Vermont at 58%, 57%, 53%, 51% and 49% respectively (NAEP, 2011). 

Georgia ranked 35th out of the 50 states and the District o f Columbia. Georgia’s ranking 

slipped to 40th for students in the eighth grade. The top five performing states on the 

eighth-grade level are the same states on the fourth-grade level.

Despite marginal international mathematics achievement, the national picture for 

NAEP assessments appear promising when considering fourth-grade scores in isolation. 

Historically, fourth-grade mathematics achievement has been steadily growing. In 1990, 

the average fourth-grade scale score was 213 points. By 2000, students’ scale scores 

increased 12 points to 226 points. By 2011, students scale scores increased to 241 points. 

Overall fourth-grade mathematics performance on the NAEP from 1990 to 2011 

increased 28 points. Recent NAEP scores released for 2013 show an increase o f 1 point 

for an average scale score o f242 (NAEP, 2013). Even though growth has been noted, 

the average fourth grader assessed on the NAEP would be categorized as having a basic 

knowledge of mathematics.
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Table 3

The NAEP Fourth-Grade Mathematics Achievement Levels

Level Description

Basic Fourth-grade students performing at the basic level should show some evidence o f
(214) understanding the mathematical concepts and procedures in the five NAEP content areas.

Fourth graders performing at the basic level should be able to estimate and use basic 
facts to perform simple computations with whole numbers, show some understanding o f  
(factions and decimals, and solve some simple real-world problems in all NAEP content 
areas. Students at this level should be able to use— though not always accurately—four- 
function calculators, rulers, and geometric shapes. Their written responses will often be 
minimal and presented without supporting information.

Proficient Fourth-grade students performing at the proficient level should consistently apply
(249) integrated procedural knowledge and conceptual understanding to problem solving in the

5 NAEP content areas.

Fourth graders performing at the proficient level should be able to use whole numbers to 
estimate, compute, and determine whether results are reasonable. They should have a 
conceptual understanding o f fractions and decimals; be able to solve real-world problems 
in all NAEP content areas; and use four-function calculators, rulers, and geometric 
shapes appropriately. Students performing at the proficient level should employ 
problem-solving strategies such as identifying and using appropriate information. Their 
written solutions should be organized and presented with both supporting information 
and explanations o f how they were achieved.

Advanced Fourth-grade students performing at the advanced level should apply integrated
(282) procedural knowledge and conceptual understanding to complex and nonroutine real-

world problem solving in the 5 NAEP content areas.

Fourth graders performing at the advanced level should be able to solve complex and 
nonroutine real-world problems in all NAEP content areas. They should display mastery 
in the use o f four-function calculators, rulers, and geometric shapes. The students are 
expected to draw logical conclusions and justify answers and solution processes by 
explaining why, as well as how, they were achieved. They should go beyond the 
obvious in their interpretations and be able to communicate their thoughts clearly and 
concisely.

Note. Adapted from “Mathematics 2011: Trial urban district assessment results for 4th and 8th grade,” by 
National Center for Education Statistics, 2012, Washington, DC: U.S. Department o f Education.

NAEP and TIMSS Comparison Studies

This literature search was further refined to include research that compared 

student performance on the NAEP and the TIMSS. Three relevant articles were found. 

Studies by Phillips (2007), Johnson, Cohen, Chen, Jiang, and Zhang (2003), and 

Hambleton, Sireci, and Smith (2009) linked NAEP and TIMSS results. Phillips and



42

Hambleton et al. (2009) found that when other countries are compared with the United 

States using the NAEP assessment scale, students in the U.S. perform significantly lower 

than other top performing countries.

In a study by Hambleton et al. (2009), mathematics performance on the NAEP 

was compared with student achievement levels on the TIMSS and PISA. The goals of 

the research was to use the performance scale descriptors o f the NAEP (basic, proficient, 

and advanced) and apply them to the TIMSS and PISA scores to see how other countries 

would compare in mathematics performance if they took the NAEP. The study was 

conducted to answer critics of the NAEP who complain that the performance scale is too 

high, making it difficult for students to reach the proficient or advanced levels. Subject 

matter experts found “strong similarity between the NAEP and TIMSS assessments on 

content, response type, context, requirements for multistep reasoning, and other 

characteristics” (Hambleton et al., 2009, p. 379).

Two comparisons were made for this study: (a) 2003 NAEP mathematics and 

2003 TIMSS mathematics and (b) 2003 NAEP mathematics and 2003 PISA mathematics. 

To address the first comparison, 47 countries were used. The top five TIMSS countries 

included Japan and Singapore. Twenty-one percent of Japanese student scores would 

translate in the advanced level on the NAEP. Forty-one percent of Singapore students 

would score in the advanced level. The U.S. ranked 11th and had only 5% of students 

score in the advanced level. Over 60% o f the students from the top five countries were 

classified on the proficient or above level on the NAEP scale. United States percentage 

of students who scored at the proficient or above level was 29%. Most students in the top 

five countries were categorized at basic or above on the NAEP scales. Countries such as
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Chinese Taipei had about 87% of their students score at basic or above. Singapore had 

94% of their students scoring at basic or above. Sixty-eight percent of students in the 

United States scored at the basic or above level.

Phillips (2007) compared the 1999 TIMSS assessment and the 2000 NAEP 

assessment. Approximately 1,800 students in 12 states took both the NAEP and TIMSS 

assessment. A regression statistical model was used to answer Phillips’ research 

question, “How would other countries perform if  their TIMSS results could be expressed 

in terms of NAEP achievement levels” (Phillips, 2007, p. 2). The study revealed that of 

the top five TIMSS countries for the 1999 assessment, 87% to 96% of their students 

would score at or above the basic achievement level on the NAEP, 61% to 73% would 

score at proficient or above, and 23 % to 34% would score at the advanced level. The 

achievement results for the United States were substantially lower at 65% at or above 

basic, 27% at or above proficient, and only 6% at the advanced level.

In a report by the 21st Century Skills, Education & Competitiveness (2008), 

students in the United States are not learning the skills they need for tomorrow’s world in 

today’s schools. Thirty years ago, the United States could lay claim to having 30% of the 

world’s population of college students. That number has fallen to 14% and is continuing 

to fall. Student achievement and academic performance has been a political platform and 

national focus for decades. Historical event and literature from Sputnik in 1957 to the 

National Commission on Excellence in Schools (1983) report has brought student 

achievement in mathematics to the forefront. America’s schools are not producing the 

math excellence required for global economic leadership and homeland security in the 

21st century (U.S. Department o f Education, 2000).
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Urban District Performance on the NAEP

Central to this study is student achievement in mathematics in urban districts. In 

2013, NAEP conducted an analysis o f fourth- and eighth-grade reading and mathematics 

performance in the Trial Urban District Assessment (TUDA). Urban districts are defined 

by the size of the city in which they are located. Large cities were considered areas with 

populations over 250,000 people. Eighteen urban districts participated in earlier 

assessments in 2003 and 2009. The 2013 results showed fourth-grade mathematics 

scores were higher than in the 2011 administration.

In comparison to national performance, students in large urban public schools 

scored 7 points lower than student in suburban and rural public school in the nation. The 

2013 NAEP national average scale score was 242. The average scale score for large city 

public schools was 235. Urban public schools that scored significantly higher than both 

national and large city public schools were Charlotte, Austin, and Hillsborough County at 

247,245, and 243 respectively. TUDA results were also reported by race (Table 4). The 

gap between African American and Caucasian students has remained consistent since the 

2003 NAEP administration (NAEP, 2011; National Center for Education Statistics,

201 la). In 2003, the average scale score o f African American students was 31 points 

lower than their Caucasian peers’ scale score. In 2011, the difference in average scale 

score between African American and Caucasian students was 29 points. By 2013, the 

gap between African American students and Caucasian students remained consistent.

The average scale score between the two groups was 31 points.
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Table 4

2013 TUDA NAEP Results by Race in an Urban School District

Average % Below % %
Race score basic % Basic Proficient Advanced

Caucasian 254 1 14 59 26

African American 223 37 48 15 1

Variables o f Interest for This Study 

The variables for this study are briefly defined in the section below. Mathematics 

achievement is considered important in providing students o f ethnicity access to higher 

occupational careers and racial equality (Moses, 1994). Socioeconomic status, 

race/ethnicity, and school size were moderating variables considered in this study. The 

variables chosen complement the conceptual framework on urban education and critical 

race theory.

Ethnicity/Race

Ethnicity is considered to be cultural factors that define a group of people.

Factors like nationality, cultural traditions, ancestry, language, and beliefs differentiate 

ethnic groups from each other. Georgia typically has been a state with minimal ethnic 

diversity. Race is defined as a person’s physical appearance including hair, eye color, 

skin color, and bone structure. Characteristics like skin, hair, and eye color differentiate 

people into racial groups. The two dominant racial groups in Georgia are European 

American and African American. The only ethnic group identified by the Georgia 

Department of Education was Hispanic.
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Historically, gaps in achievement between different ethnicities and races have 

been observed in mathematics achievement data. These differences have prompted 

legislation like No Child Left Behind (2001) and the NCTM (1989). Although gains 

have been made by African American and Hispanic students in mathematics, large gaps 

in achievement still exist between these groups and their European American peers 

(NAEP, 2011). The 2011 NAEP results for fourth-grade mathematics show 17% of 

African American students were proficient in fourth-grade mathematics. Twenty-four 

percent o f Hispanic students were proficient. In comparison, 53% of European American 

students were proficient in mathematics. An achievement gap between African American 

and European American students has in fact widened, from 26% in 2000 to 35% in 2011. 

In 2000, 4% o f African American students performed at a proficient level. A 6% 

increase was observed on the 2003 NAEP assessment. Minute increases o f 3% and 2% 

were observed in 2005,2007, and 2009. Hispanic student achievement was similar but 

slightly higher. In 2000, 7% of Hispanic fourth graders scored a proficient rating on the 

NAEP. An 8% increase was observed in 2003. Students’ achievement continued to 

increase from 2005 and 2007 from 19% to 22%. However, in 2009, a 1% decrease was 

observed in fourth-grade achievement. Conversely, 30% o f European American student 

scored at a proficient level in 2000. By 2003, the percent increased 12%. Between 2003 

and 2005, achievement slowed yet increased from 42% to 47%. A slight decrease in 

student achievement was observed between 2007 and 2009 from 51% to 50%. 

Socioeconomic Status

SES is a classification that describes a student’s social and financial status source. 

Family income, parental education level, and occupation are also characteristic of a
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student’s SES. Low-income categories are often over represented by African American 

and Hispanic students (Strutchens & Silver, 2000). Students with low socioeconomic 

status often lack financial assets, social support, and educational resources. SES is a 

construct that reflects a person’s access to desired resources, material goods, money, 

power, professional connections and networks, health care, leisure time, and educational 

activities.

Research connecting SES and student academics has been well researched. A 

strong correlation between SES and mathematics achievement was found by Secada in 

1992. In a study by Okpala, Okpala, and Smith (2001), the percentage of students 

receiving free or reduced lunches was negatively correlated with academic achievement. 

These findings suggest that academic achievement and economic circumstances are 

related. A study by Dahl and Lochner (2005) found that an income increase o f $1,000 

could increase mathematics test scores by 2.1% o f  a standard deviation. European 

American students with higher SES are exposed to instructional practice promoted by 

current mathematics reform movements (Lubienski, 2002). Conversely, African 

American students are often subject to instruction that focuses on basic skills and drill 

and practice type lessons (Lubienski, 2002).

Socioeconomic status is determined using a variety o f indicators, including 

parent’s educational level, number of parents in the household, school neighborhood 

poverty level, and eligibility for free and reduced lunch program. For this study, only one 

poverty indicator was used as an independent variable. Eligibility for the free or reduced 

price lunch program is often an indicator of students living in low-socioeconomic 

households (Kurki, Boyle, & Aladjem, 2005). Free and reduced lunches are provided to
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students of households with an annual income at or below the national poverty level. In 

Georgia, in order to qualify for free and reduced lunch, a single-person household must 

have an income before taxes of $21,257. Households with more than eight people must 

have a yearly income before tax of $73,316. The median family income of households 

with children was $53,000. According to Kurki et al. (2005), percentage of students 

eligible for the free and reduced lunch program significantly and highly correlates with 

other poverty indicators, including school’s neighborhood, the percentage of single

parent households, and the isolation index.

School Size

There were 1,345 elementary schools in the state o f Georgia at the time o f this 

study. The average number of elementary students was 654. School sizes are defined 

and organized in quartiles. Elementary schools with less than 300 students are defined as 

small schools (National Center for Education Statistics, 2009). Schools from 300-499 

students are considered small to medium schools. Schools with 500-999 students are 

considered medium to large schools. Large elementary schools have populations with 

1,000 or more students.

Educational systems often adopt business models for efficiency and organization. 

One common assumption in a business model is the idea that larger organization tend to 

operate more efficiently and cost less than smaller organization. Conflicts in educational 

research over the past two decades show mixed results on the effects o f school size on 

teacher quality and student achievement. Relationships detected tend to be small.

Several studies support the large school size model and its impact on student achievement 

(Friedkin & Necochea, 1988; Hamisch, 1987; Huang & Howley, 1993). However, the
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idea of larger, more efficient school size is not consistently embraced in education. 

Ramierz (1992) investigated student achievement and school size and found little 

difference between large and small schools. Greenwald, Hedges, and Laine (1996) 

analyzed 60 studies in a meta-analysis and found that student achievement was better in 

small schools. This meta-analysis included studies primarily from 1960s. A follow-up 

analysis o f 26 studies related to school size and achievement was conducted since the 

1970s. This analysis showed greater achievement results in smaller schools (Greenwald, 

et al., 1996).

In schools with high populations of ethnic minority students in low 

socioeconomic areas showed positive academic performance in smaller schools (Cotton,

1996). The effect of increased school size on student achievement for lower 

socioeconomic areas was the equivalent to a loss o f .67 of a year of schooling (Howley,

1997). In contrast, increased school size for middle to upper class students had an effect 

equivalent to .25 of a year additional schooling. Kearney (1994) found in a similar study 

that larger schools typically benefit students of higher socioeconomic status. Friedkin 

and Necochea (1988) considered school size in relation to grade levels for third, eighth 

and 12th grade. This study found that larger school sizes are positively correlated with 

student achievement for 12th grade students. However, greater student achievement was 

found in small schools for students in grades third, sixth, and eighth grade. A similar 

study by the Texas Education Agency (1999) found that students in elementary and 

middle schools are likely to benefit academically from smaller schools while secondary 

grades benefit from larger schools.
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Teacher Preparation in Mathematics 

Student performance on national and international tests has led researchers to 

investigate the level o f instruction students received in preparation for these assessments. 

Research on teacher preparation and mathematics content knowledge provides insight 

into the struggling performance of students in the United States. Preservice programs are 

intended to prepare teachers in content and pedagogy to meet the diverse academic needs 

of students. However, a frustration regarding public education and student achievement 

on assessment like the TUDA, NAEP, and TIMSS is often associated with lack of teacher 

preparation (Darling-Hammond, 2000). Smylie and Kahne (1997) suggested that the 

inadequate preparation of teachers leads to poor instruction and low student performance.

According to Omstein (2010), an issue contributing to the low or marginal 

achievement of U.S. students is the lack of highly qualified teachers in mathematics.

Lack of content knowledge is considered a major limiting factor in raising student 

achievement (Omstein, 2010). The Center for Research in Mathematics and Science 

Education (2010) stated that future U.S. teachers are receiving weak training in 

mathematics, and are not prepared to teach the demanding mathematics curriculum 

needed to compete internationally. The lack of content knowledge and delivery o f high 

quality lessons was evident in a survey of video lessons for the 1995 TIMSS (Stigler, 

Gonzalez, Knoll, & Serrano, 1999). In comparing United States and Japanese eighth- 

grade mathematics lessons, Stigler et al. (1999) found of the 100 lessons surveyed none 

were taught with high quality in the United States. For lessons taught by Japanese 

teachers, only 13% received low ratings on mathematics quality compared to the 80% 

received for United States lessons.
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Changes in education policies have increased the tension around the extent o f 

subject knowledge and pedagogical knowledge needed to support student learning in 

mathematics (Ball & Bass, 2000). Policymakers debate whether teachers should major in 

education or in discipline (Ball & Bass, 2000). Subject matter knowledge is often 

simplistically defined as the knowledge the students are to learn or the curriculum goals 

for the students. In the public eye, and often misinterpreted as subject matter, knowledge 

is what teachers need to know of what they teach. However, on the other end o f the 

spectrum, a broader perspective of subject matter is embraced.

Content pedagogy and the subject matter expertise o f the teacher are important 

factors in student achievement in primary and secondary mathematics (Goe, 2007; Monk, 

1994). Pedagogical content knowledge (PCK) was introduced by Shulman in 1986. This 

term linked the importance of content knowledge with pedagogy knowledge. In isolation 

of one another, children may lack the full opportunity to understand and master the 

mathematical skills and content. PCK represents a set of unique subject specific skills 

that allows teachers to intertwine what to teach and how to teach. It also requires 

teachers to understand common errors, typical misconceptions, varied problem solving 

strategies, and instructional technique.

The concept o f PCK was reinforced by a study by Ma (1999). For this study, 72 

Chinese elementary teachers were interviewed. Ma described knowledge packages that 

were evident in the teachers approach to teaching mathematics. These knowledge 

packages were longitudinal process within the subject, key understandings o f concepts 

that weigh more than others, and the ability to develop ideas sequentially. Lastly, Ma 

discussed concept knots that were related ideas that are crucially linked. This research
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provided a supportive study to the term PCK. Pedagogical content knowledge is a unique 

set of skills that bundles mathematical knowledge with knowledge of the learners, 

learning, and pedagogy (Ball & Bass, 2000). These bundles offer crucial resources for 

teaching mathematics, for they can help the teacher anticipate what students might have 

trouble learning and have ready, alternative models or explanations to mediate those 

difficulties (Ball & Bass, 2000). Teachers fluent in mathematics content and pedagogy 

possess certain anticipatory thinking about the way students interpret new mathematics 

concepts and real-time problem solving capabilities, which serves to address how topics 

might evolve in class and how to represent information in new ways. Teachers operating 

with concept knots, knowledge packages, and content pedagogy knowledge are able to 

choose appropriate text, design tasks, and facilitate discussion.

Ma (1999) stated that teachers must have a profound understanding of 

fundamental mathematics. According to Ma, this would include a teacher’s depth, 

breadth, and thoroughness of mathematical knowledge. Depth is defined as the ability to 

connect ideas to large and over-arching concepts and domains. Breadth is the 

interconnection of ideas of similar concepts. Lastly, thoroughness is the ability to weave 

ideas into a coherent whole. Preservice teacher curriculum in the United States often 

falls short in equipping teachers with the depth, breadth, and thoroughness needed to help 

students develop mathematical proficiency (National Council on Teacher Quality, 2012).

As part o f the TIMSS series of research, the Teacher Education Study in 

Mathematics (TEDS-M) was the first cross-national study to analyze knowledge of future 

primary and lower secondary mathematics schoolteachers (International Association for 

the Evaluation of Educational Achievement, 2008). Seventeen countries were included
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in the study, organized by the Association for the Evaluation of Educational 

Achievement. The goal of the research was to provide data on the effectiveness o f 

teacher preparation in light of school reform and changes in instructional and curriculum 

expectations.

The U.S. teacher preparation programs vary significantly both within and across 

states (International Association for the Evaluation of Educational Achievement, 2008). 

Over 1,300 public and private colleges and universities offer teacher education programs. 

According to the TEDS-M study of teacher preparation programs, elementary teacher 

programs prepare teachers to be generalists and offer few courses in mathematics content 

(International Association for the Evaluation of Educational Achievement, 2008). In 

some states, “Elementary teachers are not required to take any courses about the 

mathematics they will teach in schools” (Senk, Keller, & Ferrini-Mundy, 2000, p. 146). 

The average number of mathematics courses on the undergraduate level for elementary 

certification is about 2.7 courses (Lutzer, Rodi, Kirkman, & Maxwell, 2007). Evidence 

suggests that countries around the world typically have about three times more 

elementary teachers who major or minor in mathematics (Greenberg & Walsh, 2008).

In order to teach mathematics successfully, researchers identified three levels of 

mathematics knowledge needed. They are common content knowledge, specific content 

knowledge, and horizontal content knowledge (Ball, Hoover, Thames, & Phelps, 2008).

1. Common content knowledge. Mathematical “knowledge of a kind used in a 

wide variety of settings—in other words not unique to teaching” (Ball et al., 

2008, p. 399). These are not specialized understandings but are questions that 

typically would be answerable by others who know mathematics.
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2. Specialized content knowledge. The mathematical knowledge is “entailed by 

teaching-in other words, mathematical knowledge needed to perform the 

recurrent tasks o f teaching mathematics to students” (Ball et al., 2008, p. 399).

3. Horizontal content knowledge. An awareness o f how mathematical topics are 

related over the span of mathematics included in the curriculum (Ball et al., 

2008).

However, in preparation programs for future teachers on the elementary level, if courses 

are taken in mathematics they are primarily during the first 2 years o f school and limited 

to number systems and geometry and focus on content knowledge (Senk et al., 2000).

Teacher preparation and teacher quality on the elementary level reveal a cyclical 

problem in mathematics instruction in the United States. Teacher knowledge has been 

found to be a contributing factor in student achievement (Monk, 1994; National 

Mathematics Advisory Panel, 2008). However, preservice teachers entering education 

programs are scoring below the national average on the mathematics portion of the SAT 

(Greenberg & Walsh, 2008). In addition, the TEDS-M (International Association for the 

Evaluation of Educational Achievement, 2012) study assessed teacher content knowledge 

and found that United States teachers have mediocre knowledge of elementary 

mathematics compared with other participating countries.

Many states have taken steps to ensure that teachers on the elementary level 

possess content knowledge by requiring potential teachers to hold a content specific 

degree. A degree in education is no longer considered adequate, by itself, to classify a 

teacher as highly qualified. In 2008, content specific degrees for all initial certificates on 

the elementary level were required in nine states, Puerto Rico, and the Virgin Islands
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(National Council on Teacher Quality, 2008). Specific to the setting o f this study is the 

state o f Georgia.

Georgia received a below average rating on three out of five criteria for teacher 

quality (National Council on Teacher Quality, 2009). The five areas are (a) delivering 

well-prepared teachers, (b) expanding the pool of teachers, (c) identifying effective 

teachers, (d) retaining effective teachers, and (e) exiting ineffective teachers. The three 

areas identified as below average were delivering well-prepared teachers, identifying 

effective teachers, and retaining effective teachers. Each area is graded on a traditional 

alphabetic scale that ranges from A+ to F. Pertinent to this study is the C - rating Georgia 

received for delivering well-prepared teachers. The report states Georgia elementary 

teacher preparation programs are required to provide a broad liberal arts education. 

However, these Georgia programs are not required to provide mathematics content 

specifically geared to the needs of elementary teachers (National Council on Teacher 

Quality, 2009). Further, Georgia requires elementary teacher candidates to pass testing in 

reading but does not require a rigorous mathematics assessment (National Council on 

Teacher Quality, 2009). Overall, preparing and assessing teachers’ abilities in 

elementary mathematics was considered below average.

The deficiency in the delivery of well-prepared teachers in mathematics was the 

lack of preparation programs that deliver mathematics content at the appropriate breadth 

and depth to elementary teacher candidates. The requirements for early childhood 

teachers are to pass a general subject-matter test called the Georgia Assessments for the 

Certification of Educators (GACE). While the GACE standards address foundational 

concepts in mathematics, the test lacks rigor and focuses on superficial test items
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(National Council on Teacher Quality, 2009). The report recommended that preparation 

programs and certification assessments reflect the content knowledge and pedagogical 

knowledge and skills reflected in the Georgia Performance Standards (GPS).

Additionally, the report recommended that Georgia provided P-5 mathematics 

endorsement programs based on the NCTM standards focused on advancing teacher 

content and pedagogical skills for elementary teachers. Last, the report urged Georgia to 

require a passing score in mathematics courses so candidates have a sufficient knowledge 

of mathematics content to pass state assessments (National Council on Teacher Quality, 

2009, p. 25).

National Council on Teacher Quality report in 2012 graded the delivering of well- 

prepared teachers as C or average. The areas of continued concern are the lack of 

rigorous mathematics content aligned to the current need of the elementary level. The 

2012 National Council on Teacher Quality report continued to emphasize the need for 

content specialization in mathematics. In this report, the conclusion was separate sub

scores evaluating mathematics knowledge in concepts beyond elementary level are 

needed to ensure teachers understand underlying mathematics concepts (National Council 

of Teacher Quality, 2012).

According to the National Council on Teacher Quality, 2009, Georgia required a 

content specific degree for at least one initial certificate at the elementary level.

Additional statistics from the U.S. Department of Education (2008) show less than 10% 

of teachers in Georgia received their license and certification in another state. Therefore, 

the assumption can be made that teachers prepared in the state of Georgia generally 

remain and teach in Georgia schools.
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In 2010, the U.S. Department of Education reported 2,054 teacher preparation 

programs. Twenty-six of those programs are in the state of Georgia. Between 2008 and 

2010, the U.S. Department of Education Secretary’s Eight Annual Report on Teacher 

Quality (2010) identified the state of Georgia as being low performing or at risk in 

teacher preparation programs.

Standards-Based Mathematics Curriculum

In addition to lack o f teacher preparation, factors affecting mathematics 

achievement included the lack o f coherence. Depth and focus in U.S. mathematics 

curriculum is often referred to as “an inch deep and a mile wide.” U.S. elementary and 

middle school mathematics curriculum in comparison with the curricula o f high 

achieving countries has been characterized as shallow, undemanding, and diffuse in 

content coverage (Kilpatrick et al., 2001). Concerns about student performance in 

mathematics on international and national assessments started a flurry o f research as early 

as the 1925 on teaching and learning methods in elementary mathematics. Mathematics 

education in the United States has eventually led to the standards-based curriculum 

reform currently embraced by our public schools today.

Education in the United States began to expand rapidly by the end o f the 19th 

century. Mathematics taught in elementary schools in the 19th century focused on 

arithmetic using whole numbers, fractions, decimals, and percent, with some work on 

measurements of length, area, and volume (Senk & Thompson, 2003). Textbooks were 

used as the main resource for teachers to deliver instruction. A typical lesson in a 

textbook would introduce an algorithm or rule, followed by an example, and finally a set 

of practice problems. Lessons included teacher demonstration and student oral
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recitations. Student learning was based on the theory of mental discipline. In this theory, 

the mind was considered a muscle that needed practice and exercise in order to develop. 

Therefore practicing difficult arithmetic problems, computation exercise, and drills were 

considered required exercise in improving a student’s ability in mathematics (Grouws & 

Cebulla, 2000). Opponents to this method of mathematics education suggested that these 

methods were not adequately equipping students in mathematics. By the late 19th 

century, critics of mathematics curriculum and instruction called for school reform with 

more emphasis on critical thinking and problem solving instead of rote memorization and 

arithmetic. In 1890, the National Education Association appointed the Committee o f Ten 

to investigate the state of mathematics curriculum and instruction in elementary and 

secondary schools. The committee found the level of mathematics instruction was 

inadequate. Recommendations to improve instruction included strengthening algebra and 

geometry domains. Despite the finding in 1890 Committee o f Ten, K-8 mathematics 

curriculum continued to focus largely on arithmetic during the first half o f the 20th 

century.

Between 1900 and 1950, a progressive movement in education caused a split in 

the mathematics community on what to teach and how best to teach students. Two 

primary theorists who represented this split were Thorndike and Dewey. Thorndike 

believed in a behaviorist approach to mathematics instruction that favored arithmetic 

practice, computation drills with little emphasis on the practical use o f mathematics 

(Senk & Thompson, 2003). The Progressive Education Association (PEA) founded in 

1919 favored a different view o f mathematics instruction. Theorist John Dewey and 

Charles Judd advocated for more learner-centered approaches to education. Dewey
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posited the primary goal o f education should be to develop a student’s ability to think.

He advocated for mathematics teaching that involves students in problem solving, 

discussion, and engaging in relevant projects.

Military testing for World War II soldier recruitment revealed many students were 

ill prepared in mathematics. The popular opinion during the 1940s was mathematics 

studies were not needed unless students planned to enter the field o f science, engineering, 

or mathematics. However, mathematics knowledge was recognized as necessary for 

combat engineering and technical support during the war. Additionally, the launch of 

Sputnik in 1957 sparked an interest in mathematics and science education in the United 

States. Established by the U.S. Congress, the National Science Foundation began 

funding programs to create high quality teaching materials for elementary and secondary 

schools (Senk & Thompson, 2003). Between 1957 and 1970, instructional materials 

funded through the National Science Foundation became known as modem mathematics 

or new math. On the elementary level, instruction in new math shifted from a primary 

focus on computational skills and arithmetic to a consideration of concepts, structure, and 

the relationship between different concepts. Guided inquiry and discovery were heavily 

encouraged. Critics o f new math believed that the approach was too theoretical and 

abstract. Additionally, opponents believed this method did not give enough attention to 

basic skills and would negatively affect student achievement. The concern for basic 

skills mathematics education started a back-to-basics movement in the early 1970s. In 

reaction to the new math movement, elementary mathematics curriculum was refocused 

on arithmetic computation and algebraic skills (Senk & Thompson, 2003).
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In 1972, NAEP provided the first set of national data on reading and mathematics 

skills of students at age 9, 13, and 17. Student performance in mathematics was 

considered substantially low. The back-to-basics approach was soon criticized for being 

too narrow. The NCTM (1989) called for fundamental skills in problem solving, 

applying mathematics, number sense, geometry, and data analysis. In addition, the 

NCTM encouraged the use of calculators and computers due to anticipated changes in 

society and technology (Senk & Thompson, 2003).

Continued poor performance on the NAEP, declining SAT scores, and the 

increased number of remediation courses in colleges were cited by the U.S. Department 

of Education (1983). Low student-achievement data cited in A Nation at Risk and The 

Underachieving Curriculum led math researchers to the conclusion mathematics 

curriculum in the United States was fragmented and had lower expectations than the 

curricula in other developed countries (Senk & Thompson, 2003).

Led by the NCTM (1989), the standards-based reform movement began in the last 

two decades of the 20th century. In 1989, the NCTM provided recommendations for K - 

12 mathematics education. The recommendations were authored by mathematics 

teachers, researchers, and teacher educators. The standards contained goals and specific 

content that should be a part o f elementary and secondary curriculum. Four standards 

were considered the framework for K -l 2 education. They included problem solving, 

communication, reasoning, and mathematical connections. Elementary mathematics 

domains were organized in five primary topics, numbers and operations, geometry, 

measurement, algebra, and data and probability.
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The NCTM (1995) published Professional Standards for Teaching Mathematics 

and the Assessment Standards fo r School Mathematics. The goal o f these companion 

guides provided standards for teaching and assessing mathematics. Professional 

standards encouraged teachers to engage students in discourse and problem solving tasks 

rather than rote memory activities. Assessment standards redefined the purpose for 

assessments in mathematics. The standards suggested that teachers use assessment for 

ongoing monitoring of student progress and make instructional decisions. Frequent and 

multiple sources of data were considered best practices rather than relying on a single 

assessment or format.

Standards-based mathematics is considered to encompass habits o f mind, criteria 

of what students should know and be able to do, teaching methods, instructional material, 

and environments that encourage problem solving, critical thinking, and conceptual 

understanding of mathematics. The basic premise o f standards-based mathematics is that 

students construct or build their own mathematical knowledge from experiences (Lappan 

& Bariars, 1995). The underlying belief about student learning in standards-based 

mathematics is similar to the constructivist theory o f learning. Critics of standards-based 

mathematics fear that this approach is overly concerned with the process of obtaining the 

answer rather than the answer itself (Senk & Thompson, 2003). Additionally, those who 

oppose standards-based mathematics believe encouraging the use of calculators and 

diverging away from algorithms places students at a disadvantage in understanding basic 

mathematic principles. The use of cooperative learning, discovery learning, and project- 

based approaches are acceptable teaching methods in standards-based mathematics. 

However, those who oppose standards-based mathematics believe instructional methods
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should focus more on direct instruction to prepare students adequately to compete 

academically. Traditional mathematics methods are considered repetitive, skill-based 

instruction, or parrot teaching. Critics of traditional math also believe there is an 

overemphasis on computation, arithmetic, memorization o f facts, and rote thinking. 

Standards-based mathematics approaches integrate concepts and build connections within 

and across the discipline, which is unlike traditional approaches to mathematics that 

develop skills and concepts in isolation.

National reports show underachievement in American schools between various 

subgroups inspired the revisions o f the NCTM standards o f 1989. This current NCTM 

document was published in 2000 in effort to encourage access, excellence, and equity for 

all students. Disproportionate numbers o f African American, Hispanic, Native American 

and female students are evident results from the TUDA, NAEP, and TIMSS. According 

to the NCTM (1989), the vitality and viability o f our nation is significantly influenced by 

the mathematics literacy possessed by the students, which is required for full 

participation in today’s society.

Constructivism: A Theoretical Basis for Standards-Based Mathematics

A constructivist education is more likely to prepare children for a democratic 

society than traditional curriculum and instructional approaches (Villegas & Lucas,

2002). The constructivist approach in mathematics refers to a philosophy of teaching and 

learning which believes that individuals construct meaning through a series of 

experiences. Glaserfeld (1987) interpreted constructivism as an active rather than passive 

method of learning. Learners actively work to make sense o f the world around them 

(Wisk, 1998). The process includes using previous information or prior knowledge to
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develop understandings about new concepts. Anderson (1982) defined constructivism as 

a process that requires the learner to engage actively in constructing understanding of 

mathematics, building new knowledge by connecting ideas and old concepts. Students 

therefore construct new knowledge by fitting what they already know or believe onto 

new, unfamiliar concepts (Fosnot, 1989).

Various definitions and interpretations of constructivism are found in research. 

Fosnot (1989) defined constructivism using four principles. The first principle, 

knowledge, is created from past constructions. As individuals interact with their 

environment, prior knowledge is reshaped and adjusted to develop new understandings. 

The second principle of the four principles is knowledge is not static. Knowledge 

continues to evolve and change as individuals encounter new situations. The third 

principle in Fosnot’s definition of constructivism is learning is an organic process of 

invention, rather than a mechanical process o f accumulation. In other words, 

constructing new knowledge is a creative process where the learner engages in posing 

questions, hypothesizing, manipulating, predicting, and investigating. The fourth and 

final principle by Fosnot is that meaningful learning occurs through reflection and 

cognitive dissonance.

Constructivists believe that deep learning occurs when the learner encounters 

disequilibrium or confusion. In this part o f the learning process, the learner is forced to 

evaluate, re-examine, dissect, and reflect upon their prior knowledge. Noddings (1990) 

believed that there are three general principles consistent among the conceptual 

differences in the theory: (a) all knowledge is constructed, (b) cognitive structures are
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activated through the process o f construction, and (c) cognitive structures are constantly 

developing.

Constructivist Pedagogy

The primary focus of the constructivist learning theory is the learner. How 

learners learn and teaching practices that best facilitate learning are areas o f increasing 

interest due to current emphasis on teacher effectiveness, testing, and accountability. 

Constructivist pedagogy is an area of this educational learning theory described as the 

intersection between teaching and learning and constructivism in the classroom. The 

constructivist classroom aims to provide authentic learning experiences in a collaborative 

noncompetitive setting (Foote, Vermette, & Battaglia, 2001). Teachers are to anticipate 

student errors and misconceptions and provide and encourage multiple methods to solve a 

problem. Constructivist theorists contend there are not set practices or teaching strategies 

for constructivism. Constructivists believe practices should vary based on the content or 

subject, age of the student, the learner’s prior knowledge, school context, and teaching 

style.

The emphasis on constructivist mathematics was further supported after the 

Psychology of Mathematics Education conference in 1985. This conference was attended 

by a large number o f mathematics educators concerned about teaching and learning in 

mathematics. The constructivist theory of learning mathematic was considered the 

approach that offered the greatest promise in mathematics reform (NCTM, 1991). 

Professional standards for teaching mathematics identified constructivist pedagogical 

practices teachers must use to support student learning. They include (a) selecting 

worthwhile mathematical tasks to engage interest; (b) providing opportunities for
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students to engage in discourse to deepen their understanding; (c) assisting students in 

making connections to previous concepts and supporting students in developing new 

knowledge; and (d) facilitating individual, small-group and whole-class work.

An effective constructivist learning environment is only possible through a 

teacher’s understanding of the subject matter (NCTM, 1991). In addition to 

understanding the mathematics content, the teacher must also have knowledge o f the 

structure of the discipline and the epistemological framework. All o f these components 

working together help the teacher in designing activities that support exploration, 

challenge students’ beliefs and ideas about the concept, encourage students to 

hypothesize and take risk, and guide students in discussion and discourse. This depth of 

subject matter knowledge in mathematics is necessary to provide a student-centered 

approach.

Georgia Performance Standards 

At the time of this study, mathematics curriculum in the state o f Georgia was 

developed from the Georgia Performance Standards. The standards were implemented in 

the 2005-2006 school year and are based on the NCTM curriculum, teaching, and 

assessment standards. These standards are intended to stress concept development, 

relevant tasks, and maintain a strong emphasis on computational and procedural skills 

(Georgia Department o f Education, 2010). The curriculum is vertically aligned, meaning 

that concepts are introduced and developed from kindergarten to 12th grade.

Similar to the NCTM Standards, the GPS elementary school mathematics 

curriculum focuses on five major domains; algebra, geometry, measurement, data 

analysis, and numbers and operations. Primary instructional resources are the GPS
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Tasks. The tasks emphasize real-world applications, problem solving, and integration of 

concepts (Georgia Department o f Education, 2007). State assessments to measure 

students’ progress toward meeting standards are required under NCLB.

NCLB was signed by President George W. Bush in 2002. Formally known as the 

Elementary and Secondary Education Act (ESEA), this law sets aggressive student 

achievement goals. The Elementary and Secondary Education Act was originally signed 

in 1965 by President Lyndon B. Johnson. A primary political focus for President 

Johnson was called the war on poverty. Research leading to the signing of ESEA showed 

there was an inverse relationship between student achievement and school poverty. The 

purpose of ESEA was to “close the achievement gap between poor and affluent students 

by providing additional resources for schools serving disadvantaged students” (Wenning, 

Herdman, & Smith, 2002, p. 2).

The signing of ESEA marked a new era in federal government involvement in 

education. Prior to ESEA, educational funding was minimal. Between 1960 and 1970, 

numerous educational initiatives were launched, ballooning federal funds to elementary 

and secondary schools from one-half billion to over three billion dollars. One o f the 

major components of ESEA is the Title I Program. The Title I Program provides 

significant amounts of financial assistance to local educational agencies for the education 

of children of low-income families. Title I funds are funneled to support the education of 

low-income student in two ways: school-wide programs and targeted assistance 

programs. In order for schools to qualify for school-wide Title I funding, 40% or more of 

the students must come from families considered low income. To identify schools that 

service students who are from low-income households, free and reduce lunch percentages
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are used. In a targeted assistance program, schools provide additional resources and 

support to a smaller population of students from low-income families who are failing or 

at risk o f failing.

The ESEA law was reauthorized several times to include students with physical, 

social, and emotional deficiencies. Federal funds were also allotted in 1968 to assist 

bilingual students and to research talented and gifted student in 1969. Other additions to 

the reauthorization of ESEA include the Title II Eisenhower Professional Development 

program designed to provide resources and funding for instructional training in 

mathematics and science (Sloan, 2007). ESEA provided numerous funding sources 

intended to close the gap between ethnic groups and social classes.

Mounting public pressure on education achievement fostered the implementation 

of these laws and continues to fuel calls for research and reauthorization. In the 1980s, 

many Americans believed that public education was in turmoil and functioning below 

global standards. In 1983, Secretary of Education Terrell Bell was charged by the 

Commission on Excellence in Education to assess the quality of education in America. 

According to the National Commission on Excellence in Education (1983), there was a 

“widespread public perception that something is seriously remiss in our educational 

system” (p. 7). The investigation yielded a report entitled, A Nation at Risk: The 

Imperative for Educational Reform. The language of that report set a tone o f urgency 

regarding the perceived poor state of education. These reports provided justification for 

federal funding and standardized test results. The idea o f standardized testing and 

standards was proposed, stating, “For our country to function, citizens must be able to
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reach some common understanding on complex issues” (National Commission on 

Excellence in Education, 1983, p. 10).

The goal of NCLB 2001 was to continue the original goal o f ESEA of closing the 

achievement gap among minorities, disabled, disadvantaged, and limited English 

proficient students and other students. Additionally, it was designed to push schools 

toward more equitable treatment of disadvantaged students. The expectation of NCLB is 

that 100% of the students perform at proficient academic levels in reading and 

mathematics by 2014 (U.S. Department o f Education, 2007).

Student performance on international and national assessments has encouraged 

investigation in teacher preparation and curriculum and instruction. Gaps in student 

achievement on national assessments among African American and Hispanic students 

and European American students are persistent. Attempts to address these achievement 

gaps have been made through teacher preparation requirements, adoption of the 

standards-based curriculum, and NCLB legislation, which included funding and 

assessments.

Assessing Students in Math: Criterion-Referenced Competency Test

The assessment used to measure student knowledge o f the Georgia performance 

standards is the CRCT. The CRCT is given in the spring once a year to students in 

Grades 3 through 8. Students are tested in reading, English language arts, math, science, 

and social studies.

A criterion-referenced test measures a student’s knowledge and skill against a 

standard. Scale scores are used indicate the student’s level o f performance on each 

section of the test. In Georgia, three levels are considered. Students who score below
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800 are categorized as does not meet. On the fifth-grade mathematics assessment, this 

indicates that students have limited conceptual knowledge of the five domains (Georgia 

Department of Education, 2012). These students have a basic understanding of 

arithmetic operation including whole numbers and decimals. Students in this category 

show limited ability in basic algebraic expressions, representing and analyzing data, and 

solving problems. Students who score between 800 and 849 are considered proficient in 

fifth-grade mathematics. In this category, students perform at the minimal desired level 

on the five content domains in mathematics. Students demonstrate an understanding o f 

arithmetic operations involving whole numbers, decimals, and fractions. They are able to 

solve problems with few errors and apply mathematical process skills to solve problems. 

The final category is exceeds. Students in this category score at 850 or above. They 

show a high level and broad understanding of data analysis, algebra, geometry, 

measurement, and numbers and operations. Students at this level demonstrate advanced 

knowledge in conceptual and abstract mathematical thinking. They can use multiple 

strategies to solve problems and can justify mathematical thinking clearly (Georgia 

Department of Education, 2012).

Organizational Structures 

The final section of the literature review focuses on organizational structures at 

the elementary level that may also affect student achievement in mathematics. There are 

several variations in organizational structures on the elementary level. These structures 

include self-contained, partial self-contained, semi-departmentalized, and 

departmentalized. For the purposes of this study, traditional classroom and self- 

contained settings are synonymous. The most traditional and widely used classroom
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organizational setting is self-contained. Self-contained settings are structures that require 

one teacher to be responsible in teaching all core content for the entire school day 

(Lobdell & van Ness, 1963). Specialized teachers teach subjects such as music, art, and 

physical education. In this setting teachers plan, deliver, and assess student performance 

in reading, language arts, mathematics, science, and social studies. In partial self- 

contained settings, students remain with one teacher for most of day but may be 

organized in leveled groups to receive instruction from one or more teachers for that 

instruction. Studies that support self-contained settings suggest a stronger relationship 

between teacher and student, child-centered rather than subject-centered instruction, and 

greater flexibility in scheduling (McGrath & Rust, 2002; McPartland, 1990; McPartland 

&Braddock, 1993; Slavin, 1988).

On the other end o f the organizational structure spectrum are departmentalized 

and semi-departmentalized settings. In semi-departmentalized settings, students are 

assigned to a homeroom but receive instruction from two or more teachers in a block type 

of format. For example, students may receive reading and language arts from one 

teacher, mathematics and science from another teacher, and social studies and health 

from another teacher. Full departmentalization structures are often associated with 

middle and high school settings (Chan & Jarman, 2004). In this setting, students 

circulate to different teachers to receive instruction in each o f the core content areas.

A survey of the literature on the historical origins of departmentalization and self- 

contained elementary settings yielded several studies from the early 1930s to the mid- 

1960s. Dougherty, Gorman, and Phillips (1936) provided early research on 

departmentalization and self-contained settings. Arguments presented in the research for
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departmentalization was that it (a) provided efficient instruction, (b) provided highly 

trained teachers to teach the content, (c) permitted students to be promoted by subject 

rather than age or grade, and (d) was favored by teacher and students. Arguments against 

departmentalization included (a) overemphasis on subject matter, (b) behavior and 

classroom management problems, (c) diminished unity of school life, (d) inability to 

integrate subject matter (Dougherty et al., 1936).

In 1943 and 1944, Otto researched departmentalization in 532 elementary schools 

in 46 states and the District of Columbia (Otto, 1948). Sixty-six percent of the schools 

surveyed reported departmentalization. Departmental teaching ranged from kindergarten 

to Grade 8. Subjects frequently departmentalized were music, art, physical education, 

mathematics, science, social studies, and handwriting (Otto, 1948).

The Educational Research Service (1965) surveyed 400 school systems in 1964 

and 1965 using departmentalization on the elementary level. The survey found that 

schools typically used departmentalization in Grades 4, 5, and 6. One teacher generally 

taught language arts and social studies. Another teacher taught mathematics and science. 

A questionnaire for teachers was also conducted to gain insight into the practice of 

departmentalization. Teachers favoring departmentalization showed higher morale and 

felt that departmentalization provided a well-balanced curriculum for students. 

Self-Contained Classroom Studies

The next section of the literature review contains the relevant studies on 

organizational structures and student performance. Figure 3 contains a timeline o f the 

literature related to organizational structures. Results of quantitative and qualitative 

studies on the effect o f organizational structure on student performance are mixed.
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Figure 3. A timeline of literature related to organizational structures.

In 1958, Woods compared departmentalization and self-contained classes in two 

schools. Student achievement on the Stanford Achievement Test, Advanced Battery- 

Complete Form D, showed that classes in self-contained classrooms performed better 

then students in the departmentalized classes. Students in the self-contained classrooms 

achieved 8 points higher, which was an age equivalent growth of 1.8 years. The higher 

achievement in the self-contained setting was attributed un-interrupted and continuous 

learning process (Woods, 1958). Woods suggested that departmental settings lack
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coordination. Teachers had little time to collaborate with fellow teachers therefore 

leading to students being overloaded with homework

The second study reviewed was a 2-year study of mathematics and science 

achievement in departmentalized and self-contained setting examined by Gibb and 

Matala (1962). Data from four school systems and 32 classes in fifth and sixth grade 

were analyzed using the Sequential Test o f Educational Progress. Four classes on each 

grade level were used. This investigation involved two fifth-grade and two sixth-grade 

math and science classes taught in a self-contained setting and two fifth-grade and two 

sixth-grade math and science classes taught in a departmentalized setting. Each class 

contained a sampling of 15 students. Results of the study showed no significant 

difference in mathematics gains of students provided mathematics instruction in self- 

contained setting from the fifth to sixth grade versus students taught in a 

departmentalized model. However, significant gains were observed in science test 

scores.

Student achievement in science and social studies was the focus o f another study 

by Browser (1984). Results from the Iowa Tests o f Basic Skills were used to determine 

if there was a difference in student achievement in self-contained and departmentalized 

classes for fourth-grade and fifth-grade students. A sample o f 50 fourth-grade students 

and 50 fifth-grade students were included in the study. A one-way multivariate analysis 

of variance was used to analyze the data. The mean scores o f students in the fourth-grade 

and fifth-grade self-contained settings were higher on science and social studies tests than 

students’ scores in departmentalized settings. Science scores of fourth graders in self- 

contained settings were significantly higher than scores o f students in departmentalized
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settings. Neither self-contained nor departmentalization settings were favored on the 

fifth-grade level for science and social studies. Students’ scores in these subjects showed 

no significant difference. There was no difference on science assessments. Students in 

fifth grade showed no significant differences in science or social studies.

Self-contained settings were also found to have a better impact on student 

achievement in a study by Harris (1996). This study took place in the Chicago area. A 

random sample of 30 sixth-grade students in departmentalized settings and 30 students in 

self-contained settings were included in the study. The Iowa Tests o f Basic Skills and the 

Cognitive Abilities Test were used as the dependent variables. Achievement in self- 

contained settings was significantly higher than the achievement scores in 

departmentalized settings. The achievement mean score in reading for self-contained 

classes was 6.1 as compared to the 5.5 mean score of students in departmentalized 

settings. Additionally, Harris found the self-contained setting supported more time on 

task and instructional time.

McGrath and Rust (2002) compared the achievement and transition time o f 197 

fifth-grade and sixth-grade students in self-contained and departmentalized settings in 

reading, mathematics, science, and social studies. One hundred and three students were 

fifth graders and 94 students were sixth graders. The setting of this study was a semi- 

rural district in Tennessee. Pretest and posttest scores on the Tennessee Comprehensive 

Assessment Program were used to measure student performance in reading, spelling, 

language arts, mathematics, study skills, science, and social studies. Additionally, 

transition time was recorded using 2 days of observation. Six separate 2 x 2 x 2  analyses 

of variance were used to investigate scores on the Tennessee Comprehensive Assessment
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Program and organizational structure (self-contained, departmentalized), grade level (5, 

6), and gender (male, female). Students in both fifth-grade and sixth-grade, self- 

contained settings gained significantly more on the assessment than did students in 

departmentalized settings in language arts and science. No significant difference was 

found in reading, mathematics, or social studies. Fifth-grade students in 

departmentalized settings had a mean value added score of 4.98 compared to 9.49 in a 

self-contained setting. A similar result was noted in sixth-grade mathematics. Students 

in departmentalized settings had a mean value added score o f 30.90 compared to self- 

contained mean value added score o f44.47. The results o f this study are supported by 

the findings of Dunn (1952) and Harris (1996).

Slavin (1988) asserted elementary students in self-contained classes show higher 

levels o f achievement than children in departmentalized settings. Research suggests 

students in departmentalized settings are at risk o f not receiving a caring and supportive 

school climate that a self-contained, traditional elementary classroom setting provides 

(McPartland, 1990). Some researchers argue building a high-quality relationship 

between teacher and student would be hindered in a departmentalized model 

(McPartland, 1990; McPartland & Braddock, 1993). Three disadvantages of 

departmentalized settings were cited in the research. First, elementary self-contained 

models tend to allow the teacher to focus on the whole child. According to Chang, 

Munoz, and Koshewa (2008), “Because teachers in a self-contained model are working 

with the same children across multiple areas, they are able to assess student needs across 

a variety of content areas, domains, and settings” (p. 132). It is condsidered that teachers
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in a self-contained setting have a keen knowledge of students strengths, weaknesses, and 

individual learning styles and can therefore provide individualized instruction.

A second disadvantage o f departmentalization cited in the research is teachers in a 

departmentlaized setting may not feel a strong sense o f owemship toward student success 

(Chang et al., 2008). Specialized teachers often do not extend their work with students 

beyond the instructional period (McPartland & Braddock, 1993). Additionally, teachers 

in self-contained settings are able to build more collaborative relationships with parents 

due to the familiarity with students (Epstein & Dauber, 1991).

This relationship between student and teacher is especially important for students 

from disadvantaged backgrounds (McPartland & Braddock , 1993). Students from 

disadvantaged backgrounds are often from single-parent households and may benefit 

from the stability of having one teacher as opposed to multiple teachers that a 

departmentalized setting promotes (McPartland & Braddock , 1993). Becker (1987) 

investigated student achievevent and class organization of students from diffemt 

scocioeconomic backgrounds. The variables for this study included race, residential 

instability, and socioeconomic status. Data were collected from 330 schools responses to 

surveys on classroom structures and practices. Five subject areas were analyzed for 

student achievement; mathematics, written English, reading, science, and social studies. 

Results indicated students from lower socioeconomic backgrounds scored higher in self- 

contained classes than in the departmentalized model. A standard deviation o f .20 was 

noted for this group. Students in the low/middle socioeconomic group also scored .14 

standard deviations higher in a self-contained class than in a departmentalized setting. 

Finally, standard deviations of .04 to .05 higher in self-contained versus departmentalized
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was reported for students in the high/middle socioeconomic group. Overall, the results of 

Becker’s study support the assertion that students from lower-socioeconomic 

backgrounds would benefit from self-contained classrooms as opposed to 

departmentalized settings (McPartland & Braddock, 1993).

Another disadvantage identified in the research was the decrease in the amount of 

contact time a student has with a teacher in a departmentalized setting. Lastly, 

departmentalization also requires more organization and responsibilty on students at a 

young age. As stated by Chang et al. (2008), “A departmentalization model decreases the 

amount of contact a student has with an individual teacher, which in turn may decrease 

the likelihood that a student feels an attachment to a single teacher and vice versa” (p. 

132).

Departmentalization Studies

Departmentalization is another popular organizational structure applied in 

elementary school settings. Two early studies by the Addington (1962) and Otto (1948) 

investigated the practice of departmentalization in the early 1900s. Questionnaires and 

surveys were used to investigate departmentalization in elementary public schools.

Otto (1948) surveyed 46 states and the District of Columbia, not including 

southern states, and found that 66% of the school surveyed used some form of 

departmental teaching in the elementary schools. The subjects most frequently 

departmentalized were music, art, physical education, arithmetic, science, social studies, 

and handwriting. Departmentalized subjects were generally restricted to three courses in 

Grade 4. In Grades 5 through 7, four or less courses were reported as departmentalized. 

By Grade 8, students received instruction in five departmentalized courses.
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Addington (1962) studied the achievement o f elementary pupils in Florida during 

a year in self-contained classroom and compared it to the following year in a 

departmentalized class. A pretest-posttest research design was used to compare student 

achievement scores. The study found that departmentalization did not alter expectations 

of achievement (Addington, 1962).

Anderson (1962) also studied departmentalization and specialization of 

instruction in elementary schools. Anderson suggested that teachers with a deeper 

understanding of their subject matter are most apt to give better instruction in that 

subject. However, Anderson noted that advantages to departmentalization and 

improvements to student performance depend on teachers having a mastery of their 

content.

In a study conducted by Dunn (1952), 104 cities in the United States were 

surveyed to determine the use of departmentalization and the strengths and weakness of 

the model. Survey responses showed that teachers favored self-contained organizational 

structures over the departmentalized model. Five themes emerged from the research as 

disadvantages to departmentalization: (a) teachers reported that the time constriction of 

the departmentalized model contradicted the idea that learning is continuous, (b) teachers 

suggested the departmentalized model hindered the development o f relationships between 

teachers and students, (c) departmental classes encouraged isolated learning, (d) school 

is made to feel more like an assembly line or factory rather than a home for children, and 

(e) integrating subjects across disciplines would be difficult.

Rogers and Palardy (1987) investigated organizational patterns and grouping 

strategies used in elementary schools in southeastern states. Academic achievement was
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not included in this study. A survey of 125 randomly selected school systems in 

Alabama, Florida, Georgia, Louisiana, Mississippi, and Tennessee was used. The 

primary organizational pattern reported in schools was a K-5 configuration. Self- 

contained settings were primarily favored in lower grades and dropped steadily at each 

grade level. The percentage of self-contained classrooms dropped from 92% in 

kindergarten to 30% in sixth grade. Departmentalized classroom structures tended to be 

more popular at the fourth-grade and fifth-grade level. Additionally, smaller schools 

reported higher percentages of self-contained settings.

McPartland (1987) investigated the quality o f instruction in self-contained and 

departmentalized setting and relationships between students and teachers in 433 schools. 

McPartland hypothesized that students in a departmentalized setting would receive higher 

quality instruction. In a departmentalized setting, McPartland assumed that teachers 

would have the opportunity to focus on a specific subject thus increasing the quality o f 

instruction. Conversely, students in a self-contained class would have better 

teacher/student relationships. McPartland suggested that teachers in a self-contained 

class would have more time to meet the need of the whole child and build stronger 

relationships. An achievement test in reading, writing, math, scoical studies, science, and 

analytical thinking was used to test the hypothesis on the quality of instruction. A 14- 

question perception survey was used to gather data on the relationship between teachers 

and students in departmental versus traditional organizational structures. Results 

indicated that teacher/student relationships were more favorable in self-contained settings 

than in departmentalized settings. However, the quality of instruction was higher in the 

departmentalized setting than in the self-contained classes.
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Departmentalization is a widely used organizational structure and practice on the 

middle, junior, and high school levels (Rossi & Montgomery, 1994). Students in a 

departmentalized setting receive instruction from two or more teachers during the school 

day. In contrast, the traditional self-contained setting on the elementary level is an 

organization structure in which students receive instruction from one teacher all day. It is 

assumed that elementary school teachers are equally strong in all areas o f elementary 

curriculum and provide a deep level o f instruction in all content areas (Chan & Jarman, 

2004). There are considerable flaws to this assumption.

Studies linking student achievement and departmentalization show mixed and 

inconclusive results. Research on departmentalization over the past five decades is 

examined in this subsection of the literature review. Studies reviewed include 

mathematics and other core subjects like reading, science, and social studies and report 

finding for Grades 4 to 6.

Departmentalization at the elementary school level is being considered due to the 

increased demands in accountability (Delviscio & Muffs, 2007). In addition, the first set 

of national adoption of common standards, requiring more content knowledge and the 

presentation of concepts in early grades, is also leading some districts and schools to 

consider departmentalization. Little research exists on the effects o f departmentalization 

on elementary school student achievement. However, studies that have been conducted 

reveal mixed results. In the next sections of this literature review, previous studies 

linking student achievement and elementary organizational structures are presented. 

Additionally, advantages and disadvantages asserted by research are discussed.
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Student Grouping and Tracking

One practice associated with departmentalized settings is tracking and ability 

grouping. Tracking is defined as an organizational practice where students are 

purposefully assigned to groups for instruction based on ability (Hallinan, 1994). The 

placement of students in various groups is long-term or permanent (Raffel, 1998).

Ability grouping is a practice primarily found on the elementary school level where 

students are separated into groups within the classroom or in separate classes (Meier, 

Stewart, & England (1989). However, tracking or curriculum tracking is a practice 

primarily seen in secondary schools where students are sorted into groups by ability or 

interest in different classes or tracks (Raffel, 1998). Students may be tracked to 

vocational or college-bound paths.

Common practices in ability grouping are assigning and adjusting instructional 

programs for advanced, average and below average students. Researchers have found 

that race is highly correlated with ability grouping and African American students are 

more likely to be placed in below average groups. Critics o f ability grouping argue that 

this practice supports racial discrimination and leads to re-segregation. According to 

several researchers, minority students are two to three times more likely than Caucasian 

students are to be assigned to below average or lower-ability tracked classes or groups 

(Hallinan, 1994; Raffel, 1998). Other critics of ability grouping argue that students 

assigned to lower-ability groups receive poor instruction and low expectations from less 

qualified teachers than students in the advanced or high ability groups do. Additionally, 

students are not exposed to grade appropriate curriculum and lack opportunities to 

practice higher-order thinking skills (Oakes, 1985, 1986; Raffel, 1998).
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Grouping students based on ability became a practice in American public schools 

since their inception in the late 1860s. In the 1930s and 1940s, intelligence testing 

provided a basis for supporting ability grouping. However, by the 1930s and 1940s 

ability grouping began to degrease due to the popularity of the progressive education 

movement that questioned the effectiveness of grouping. Ability grouping resurfaced in 

the late 1950s following the launch of Sputnik. During this time, public schools sought 

ways to match the intellectual and technology strength displayed internationally by the 

Russians (Russo, 2008). Ability grouping continued to expand during this time, due to 

the desegregation of schools marked by the Brown v. Board o f  Education o f  Topeka case 

of 1954. To address the Supreme Court desegregation ruling, ability grouping 

dramatically peaked in the 1960s as African American and Caucasian students attended 

American public schools together.

Recent studies on departmentalization have been conducted in an effort to address 

the demand for more research on the effects of specialized mathematics teachers or 

departmentalized settings (National Mathematics Advisory Panel, 2008). The 

Conference Board of Mathematics (2001) also advocated for departmentalization or the 

use of specialized mathematics teachers in intermediate elementary grades. Elementary 

school teachers are traditionally considered generalists and able to teach all subjects with 

the same level of intensity and knowledge. Departmentalization is an appealing notion 

for some teachers because it allows the teacher to focus on one specific content area. 

Additionally, teachers are able to create similar lessons within one content area to address 

different learning levels rather than multiple lessons with varied levels for different 

subjects (Chang et al., 2008). Butzin, Carroll, and Lutz (2006) reported the
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implementation of a departmentalized elementary structure in comparison to a self- 

contained setting in Grades 3 through 5 in a low performing school in Kentucky. The 

researchers reported that within a year, students in the departmentalized setting 

outperformed students in self-contained settings.

Garcia (2007) investigated the difference in science achievement scores o f fifth- 

grade students on the Texas Assessment o f Knowledge and Skills. A causal comparative 

research design was used to analyze the data from six elementary schools. The mean 

scale score for science in a departmentalized setting was 2041.22 versus the mean scale 

score of 2026.52 for a semi-departmentalized setting. Delviscio and Muff (2007) used 

the fourth-grade Iowa Tests of Basic Skills scores to investigate the effects of 

departmentalization and looping. Scores showed that over a 2-year period o f looping and 

departmentalization, scores on the ITBS increased.

The final four studies reviewed are the most relevant and recent and are closely 

aligned to the focus o f this research. Studies by Patton (2003), Moore (2008), Williams

(2009), and Yearwood (2011) compared elementary student mathematics and reading 

achievement of students in departmentalized and self-contained settings. Three o f the 

four studies focused on rural populations in Georgia and Tennessee. Patton (2003) 

compared achievement in a large urban public school system in Florida.

Patton (2003) investigated mathematics achievement o f fifth-grade students in 

departmentalized and self-contained settings by gender, socioeconomic status, and 

ethnicity. A sample o f21,454 fifth-grade students from a large Florida public school 

system was included in the study. Fifty-six percent o f the participants were Hispanic,

31% African American, 11% White, and 2% other. The socioeconomic status o f the
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students measured through free and reduced lunch programs was 59%. A four-way 

analysis o f covariance was used to compare student achievement on the Florida 

Comprehensive Assessment. No statistically significant interactions were found in the 

four-way or three-way interactions among settings, gender, ethnicity, and SES. However, 

five of the six possible two-way ANOVA interactions were found to be significant. An 

analysis of variance procedure showed statistically significant interactions between 

setting (departmentalized and self-contained) and SES. Students o f lower SES in 

departmentalized settings (M — 664.59, SD = 33.70) scored higher than students who 

received free/reduced lunch (M = 644.44, SD -  32.14). In this structure, a medium effect 

size was noted for SES at .079. An analysis o f covariance showed that SES accounted 

for a significant amount o f variance in mathematics scores. The R2 for this model was 

.085 with an eta-squared of .084 for SES.

In a 2 x 3 analysis o f variance between setting (departmentalized and self- 

contained settings) and ethnicity, African American students in departmentalized settings 

scored slightly higher than African American students did in self-contained settings 

(Patton, 2003). Hispanic and Caucasian students scored approximately the same in both 

departmentalized and self-contained settings. The main effect for ethnicity was 

statistically significant, while organizational structure was not statistically significant.

This model had an R2 value of .086. The eta-squared for ethnicity was .075. An analysis 

of covariance was also run to examine the effect o f setting when ethnicity was controlled. 

The analysis found that both ethnicity and SES were significantly related to 

organizational structure. The eta-squared values were small at .084 for SES. The R2 for 

the model was .085.
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Fourth-grade and fifth-grade classes in six public elementary schools in northeast 

Tennessee were the subject of a study by Moore (2008). Achievement scores on the 2007 

Tennessee Comprehensive Assessment Program (TCAP) in departmentalized and self- 

contained classes were compared using an independent t test. Student performance data 

for students in Grades 3 through 8 were compared. The results for fourth grade indicated 

no significant difference in mathematics scores o f students in departmental and self- 

contained settings. The eta index of .01 suggested little association between math 

achievement and organizational structures. However, for fifth-grade mathematics there 

was a significant difference between student achievement in departmentalized and self- 

contained settings. Fifth-grade students in departmentalized settings scored higher on the 

mathematics portion of the TCAP. The eta index of .06 suggested a low association 

between mathematics achievement and organizational structures.

In a study by Williams (2009), student achievement and departmentalization was 

investigated in 12 counties in the northeast region of Georgia. This study focused on 57 

elementary schools from 2006-2007 and 2007-2008. The population included 9,386 

general education fifth-grade students. Academic performance in mathematics was 

measured using the CRCT. A causal comparative ex-post facto and two-sample t test 

research design was used. The scores o f fifth-grade general education students were 

analyzed. In 2007, 31 schools or 54% o f the schools in the study used a self-contained 

model. Twenty-six schools or 46% of the schools used departmentalization. In the 2008, 

54% of the schools used departmentalization and 46% schools used self-contained 

classrooms. Results for the 2007 study showed that fifth-grade students in the area of 

mathematics benefited from departmentalization. There was a significant difference in
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the percentage of students meeting and exceeding standards on the CRCT in 

departmentalized settings. However, the null hypothesis was retained for the 2008 study. 

There was no significant difference in the mean scores of students in departmentalized 

settings and students in self-contained classes.

Yearwood (2011) conducted a study quantitative study comparing student 

achievement in departmentalized settings and traditional settings. Fifth-grade reading 

and mathematics scores were measured using the 2008 and 2010 CRCT. The researcher 

found a significant difference in student achievement of fifth-grade students. Yearwood 

included 2,152 fifth-grade students in 29 rural elementary schools in the northeastern 

region of Georgia. Student level data was analyzed and separated into two groups, 

departmentalized and self-contained or traditional settings. The mean CRCT score for 

students in departmentalized mathematics settings in 2008 was slightly lower than for 

students in traditional mathematics setting. The average score for the departmentalized 

math settings was 834.70. The self-contained CRCT mean score was 838.03. The math 

mean score in 2010 was 841.52 for departmentalized settings and 839.97 in self- 

contained classes. An analysis of covariance was conducted and a small effect size was 

found. Similar findings were noted for the 2010 analysis. However, the researcher noted 

that the estimated effect size was very small. The variation explained by school setting 

for the 2010 math CRCT scores was only 1%.

Summary of Research 

The current and popular structures in elementary schools require teachers to be 

generalists and provide a strong foundation in all subjects (Chan & Jarman, 2004). 

However, low student performance on domestic and international assessments (NAEP,
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2011; International Association for the Evaluation of Educational Achievement, 2011), 

deficient elementary mathematics teacher preparation programs (International 

Association for the Evaluation of Educational Achievement, 2012), and the increased 

expectation on teacher content, pedagogy, and subject matter knowledge has led to the 

advocacy of the mathematics specialist to alleviate the need to train all elementary 

teachers in mathematics (Greenberg & Walsh, 2008; National Mathematics Advisory 

Panel, 2008; Wu, 2009). Having specialized mathematics teachers serve in 

departmentalized settings has been considered a viable structural option to address 

student achievement and teacher quality in elementary mathematics instruction 

(Kilpatrick et al., 2001).

Departmentalization is defined as a structure that allows one teacher to specialize 

in one content area rather than attempt to teach all subjects (Chan & Jarman, 2004). 

Departmentalization in elementary grades is not a new concept. Between 1900 and 1940, 

departmentalized structures were used on the elementary level. However, by the 1950s, 

this practice became less popular as changes in mathematical instructional practices and 

instruction were adopted. Departmentalized settings were embraced heavily on the 

middle school and junior high level. Mathematics instruction during this era was 

primarily focused on basic mathematics, computation, and arithmetic. Teaching students 

critical thinking and problem solving in mathematics became a focus for instruction 

during World War I recruitment and the launch of Sputnik. Added pressure from less 

than favorable student achievement results on international and national assessments 

incited a flurry of research and policy creation about student learning in mathematics. 

Large gaps between groups of different socioeconomic backgrounds and the increasing
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emphasis on accountability through high-stakes testing led many educators to consider 

previous or innovative elementary structures to increase student achievement.

Current research on departmentalization is scarce and mixed. Most studies in this 

area consider student, parent, and teacher perception; self-efficacy; and use o f time. 

Limited research on the relationship between student achievement and self-contained 

classroom and departmentalization settings has been conducted. The most recent and 

closely aligned studies conducted generally focus on rural populations. Few studies 

consider the specific issues and challenges faced in urban areas. Characteristics like 

ethnicity, race, and socioeconomic background are often variables associated with urban 

areas. In surveying the literature, only two relevant studies considered the socioeconomic 

variable. Becker (1987) found that students in low-socioeconomic backgrounds tend to 

have higher achievement in self-contained settings than in departmentalized settings. 

Conversely, Patton (2003) investigated the mathematics achievement o f fifth-grade 

students in departmentalized and self-contained settings by gender, socioeconomic status, 

and ethnicity. Patton found that students in lower socioeconomic groups performed 

better in departmentalized settings on mathematics assessments.

This study focuses on urban population in the metro region o f Georgia. 

Mathematics achievement in departmentalized and self-contained settings was compared. 

The next chapter provides the research questions, design, instrumentation, and data 

analysis method.



CHAPTER 3 

METHOD

The purpose of this correlational study was to expand the body of research on 

mathematics education in urban elementary schools by comparing student achievement in 

departmentalized and self-contained settings. A correlational research design was used to 

determine if there was a relationship between type of organizational structure and student 

achievement. The outcome variable for this study was the fifth-grade mathematics 

performance on the 2011 CRCT. Data were analyzed on the school level rather than on 

student level to maintain student confidentiality. Three moderating school variables were 

used for this study: (a) FRL (percentage of students eligible for the free and reduced 

lunch program), (b) race/ethnicity (percentage o f minorities), and (c) school size. This 

chapter contains a detailed description of the method for addressing the research 

questions, including the description of the participants, sampling procedures, and 

research design.

Research Questions and Hypotheses 

1. Is there a significant difference in fifth-grade mathematics CRCT scores 

between urban students who receive mathematics instruction in a 

departmentalized classroom setting and urban students who receive 

mathematics instruction in a self-contained classroom setting?

89



Hoi: There is not a significant difference in fifth-grade mathematics 

CRCT scores between urban students who receive mathematics 

instruction in a departmentalized classroom setting and urban 

students who receive mathematics instruction in a self-contained 

classroom setting.

HaI : There is a significant difference in fifth-grade mathematics CRCT 

scores between urban students who receive mathematics instruction 

in a departmentalized classroom setting and urban students who 

receive mathematics instruction in a self-contained classroom 

setting.

Is there a significant difference in fifth-grade mathematics CRCT scores 

between urban students who receive mathematics instruction in a 

departmentalized classroom setting and urban students who receive 

mathematics instruction in a self-contained classroom setting when controlling 

for percentage o f students eligible for the free and reduced lunch program 

(FRL), race/ethnicity, and school size??

Ho2: There is no significant difference in fifth-grade mathematics CRCT 

scores between urban students who receive mathematics instruction 

in departmentalized classroom setting and urban students who 

receive mathematics instruction in self-contained classroom setting, 

when controlling for percentage of students eligible for the free and 

reduced lunch program, race/ethnicity, and school size.
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3. Is there a statistically significant interaction between percentage o f students 

eligible for the free and reduced lunch program and organizational structure in 

terms of fifth-grade CRCT mathematics performance?

Ho3: There is no statistically significant interaction between percentage of 

students eligible for the free and reduced lunch program and 

organizational structure in terms of fifth-grade CRCT mathematics 

performance.

Setting

The population for this study was schools in an urban public school system in a 

metropolitan city in the southeastern United States. According to the U.S. Census Bureau

(2010), metropolitan regions are geographic areas clustered around a core urban area. 

Core urban areas have a population of at least 50,000 people consisting of one or more 

counties. Two school systems in a metropolitan city in the southeastern United States 

were included in this study.

The data collected for this study are from the 2011 CRCT administration. 

Therefore, the demographic data will reflect the 2010-2011 school year. The 

demographic data were retrieved from the Georgia Department of Education website.

The first school system included in this study had approximately 24,000 students. 

The system serviced grades pre-kindergarten to 12th grade. The number o f fifth-grade 

students enrolled in this school system during the 2010-2011 school year was 

approximately 1,985. The percentage o f African American students accounted for 48% 

of the district’s population. The second highest student ethnicity/race population was 

Caucasian students (35%). Other ethnicity/races serviced in this school system are
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Hispanic, multicultural, and Asian at 11%, 4%, and 1%, respectively. Students with 

disabilities, limited English proficient, free and reduced lunch, and migrant were 

categorized in subgroups. Approximately 2,000 students were identified as students with 

disabilities and nearly 1,320 students were identified as limited English proficient. The 

largest subgroup population was students receiving free and reduced lunch. About 

13,800 students were eligible for free and reduced meals.

The second school system included in this study had approximately 49,000 

students. The system serviced grades pre-kindergarten to 12th grade. The number o f 

fifth-grade students enrolled in this school system during the 2010-2011 school year was 

approximately 4,182 students. The percentage of African American students accounted 

for 79% of the district’s population. The second highest student ethnicity/race population 

was Caucasian students (12%). Other ethnicity/races serviced in this school system are 

Hispanic, multicultural, and Asian at 6%, 1%, and 1% respectively. Students with 

disabilities, limited English proficient, free and reduced lunch, and migrant were 

categorized in subgroups. Approximately 9% of the students were identified as students 

with disabilities and 4% students were identified as limited English proficient. The 

largest subgroup population was students receiving free and reduced lunch (76%).

Sample Size

This study included 46 elementary schools from an urban region in the 

southeastern United States. The four predictor variables in this study were type of 

classroom organizational setting, school size, ethnicity, and free and reduced lunch 

percentages. Using four predictor variables, alpha at .05, power = .80, a power analysis 

was conducted. To detect a large effect (d = .35), at least 39 schools were needed. A
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medium effect (d = . 15) required 84 schools, and a small effect (d = .02) requires over 

597 schools (Fields, 2009). The data were collected from principals at 46 schools in a 

metropolitan region in the southeastern United States. Therefore, the sample size was 

sufficient to achieve a large effect size.

Research Design

A correlational research design was chosen to determine if a relationship existed 

between fifth-grade students’ performance on the 2011 mathematics CRCT and type of 

classroom setting. A correlational research design was appropriate because (a) the study 

explored relationships among two or more variables, (b) the variables in the study could 

not be manipulated, (c) groups were pre-formed, and (d) two groups o f subjects were 

compared based on the elementary classroom structure (departmentalized and self- 

contained). Quantitative methods were used in this study to analyze and interpret the 

results. Descriptive and inferential statistics, including multiple regression analysis, were 

used to describe the data. A multiple regression analysis is used to analyze a large 

number o f predictor variables. Predictor variables are defined as variables that may be 

associated with changes in the dependent variable. The predictor variables for this study 

were organizational structure, school size, ethnicity, and percent free and reduced lunch. 

Student achievement on the fifth-grade 2011 CRCT was the dependent variable.

Organizational structure. Central to this study was the type o f classroom setting, 

the independent variable with two categories (departmentalization and self-contained). 

Departmentalization is defined as an elementary instructional setting where students 

receive instruction from several different individuals in a given school day (Chan &
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Jarman, 2004; Chang et al., 2008). Instruction from one teacher all day is considered a 

self-contained setting (Roger & Palardy, 1987).

School size. School size was considered a continuous variable. Schools in the 

state of Georgia vary greatly in the number of students enrolled.

Ethnicity/race. The ethnic categories are American Indian, Asian, Black or 

African American, Hispanic, Native Hawaiian or other Pacific Islander, and White or 

Caucasian. To simplify the reporting of this variable, ethnicity/race was categorized in 

terms of minority. Coding for this variable was yes or no. Schools with a non-Caucasian 

student population of more than 50% were considered minority and coded as yes (1). 

Schools with a non-Caucasian student population of less than 50% were not considered 

minority and were coded as no (0).

Free and reduced lunch. The socioeconomic status o f the school was based on 

the percentage of students eligible for the free or reduced lunch program in each school. 

This was a continuous variable reported in percentage.

Data Collection

In order to protect privacy, individual student fifth-grade CRCT scores were not 

reported. CRCT scores were averaged to provide an overall mean score for each school. 

The data for this study were collected from the Georgia Governor’s Office of Student 

Achievement website and principal responses from an online survey. The Georgia 

Governor’s Office of Student Achievement (GOSA) was the primary tool for collecting 

CRCT scores and demographic information for each school. Data files organized on the 

GOSA website include district CRCT scale score averages and school level CRCT scale 

score averages for reading, language arts, mathematics, science, and social studies tests.
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Student-level data is not available on the GOSA website. However, the number of 

students tested and other demographics regarding the participants are included. Data 

from the GOSA were matched with the organizational structure (departmentalized or 

self-contained) by collecting online survey responses from principals. Permission to 

provide the survey to elementary school principals in participating districts were obtained 

through each school system’s research department.

Instrumentation

In the state of Georgia, assessments called the Criterion-Referenced Competency 

Tests are administered in reading, language arts, mathematics, science, and social studies. 

The CRCT is based on the Georgia performance standards. These standards provide 

guidance for schools regarding what students should know and be able to do at the end of 

their respective grades. The CRCT, administered in the spring of each school year, 

contains selected-response or multiple-choice test items. There are 50 to 70 items on 

each section of the test. The number of items a student correctly answers is called the 

raw score. The raw score is converted to a CRCT scale so the scores are equivalent 

across test forms within the same content area and grade (Georgia Department of 

Education, 2011). Scale scores are used to express student results. Scores are also 

averaged to provide schools an overall rating of does not meet state standards, met state 

standards, and exceeded state standards. These scores provide a uniform interpretation 

of performance and allow comparisons to be made from year to year (Georgia 

Department o f Education, 2011). Since 2010, only students in Grades 3 through 8 are 

provided the CRCT as a summative assessment.
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Validity of the CRCT is established through an alignment cycle. Validity is 

defined as the degree and accuracy to which the test measures what it is intended to 

measure. Committees o f Georgia educators review and recommend items to be included 

on the CRCT based on the Georgia performance standards. The writing phase of the test 

development is guided by content domain specifications and test item specifications. 

Content descriptors provide details and guidance on writing and test development. The 

layout of the test and how it is scored was determined by the content domains and 

weights. The content weights indicated how the items were distributed on each content 

area and grade level. Once items were created, they were field tested and checked for 

error and bias.

The stability, dependability, trustworthiness, and consistency of a test in 

measuring the same thing each time is defined as reliability (Worthen, Borg, & White, 

1993). The CRCT reliability is measured in two ways: Cronbach’s a  and the standard 

errors of measurement (SEM). Based on validation studies o f the Georgia CRCT, scores 

are considered a good representation of students’ performance and are reliable from .86 

to .93 in a range of 0 to 1 for results on Cronbach’s a . The Cronbach’s a  for the 2011 

CRCT at the fifth-grade level for mathematics is .91, which indicates a high level of 

reliability. The SEMs of scale scores provide a useful index of the amount of 

measurement error and define a cut score to identify students meeting or exceeding 

performance (Kolen, Zeng, & Hanson, 1996). The SEM for the 2011 CRCT fifth-grade 

mathematics was 3.06.
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Data Analysis

A correlational design was used to address the research questions. General 

descriptive statistics were used to describe the data. Data collected from the GOSA and 

principals in the metropolitan area were used to analyze the research questions. Testing 

for the assumptions of the statistical procedures was conducted. Six assumptions are 

suggested by Fields (2009) for regression analysis and analysis of covariance: 

independence of the variables, influential data points, homoscedasticity, normality, 

linearity, and multicollinearity. Fields suggested meeting three assumptions for an 

independent t test: independence, normality, and homogeneity of variance.

Research Question 1

Is there a significant difference in fifth-grade mathematics CRCT scores between 

urban students who receive mathematics instruction in a departmentalized 

classroom setting and urban students who receive mathematics instruction in a 

self-contained classroom setting?

An independent t test was used to determine if a difference in mathematics 

performance existed between the two types o f organizational structures. An alpha level 

of .05 was used to evaluate the results o f the analysis.

Research Question 2

Is there a significant difference in fifth-grade mathematics CRCT scores between 

urban students who receive mathematics instruction in departmentalization 

classroom setting and urban students who receive mathematics instruction in a 

self-contained classroom setting when controlling for percentage o f students
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eligible for the free and reduced lunch program (FRL), minority/ethnicity, and 

school size?

A hierarchical regression model using organizational structure, FRL, and school 

size was used to predict mathematics performance. The school variables (FRL, 

minority/ethnicity, and school size) were entered first and evaluated for significance. 

Organizational structure was entered second and evaluated for its contribution to 

mathematics achievement (see Figure 4).

Organizational
Structure

Reduced
Lunch CRCT Math Performance

School Size

Figure 4. Illustration of the regression analysis research design.

Research Question 3

Is there a statistically significant interaction between percentage o f students 

eligible for the free and reduced lunch program and departmentalization in terms 

o f fifth-grade CRCT mathematics performance?
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An analysis of covariance was conducted using organizational structure as the 

independent variable, FRL as the covariate, and fifth-grade CRCT mathematics scores as 

the dependent variable. The interaction variable was FRL and organizational structure.

Summary

According to the National Mathematics Advisory Panel (2008), few studies have 

investigated the relationship between organizational structures and student achievement 

in mathematics. The urgency to identify what works in elementary mathematics 

achievement is driven by mediocre student performance on international and national 

assessments. In this study, fifth-grade 2011 CRCT mathematics scores from urban 

elementary public schools in Georgia were collected. An independent t test was used to 

determine if a difference in mathematics performance existed between the two types o f 

organizational structures. A regression model using organizational structure, FRL, 

race/ethnicity, and school size was used to predict mathematics performance. An 

analysis o f covariance was used to determine if schools with different percentages o f 

students eligible for the free and reduced lunch program performed differently on fifth- 

grade CRCT mathematics in the two types of organizational structure. Chapter 4 

contains the results of the analysis of the data collected.



CHAPTER 4 

DATA ANALYSIS AND FINDINGS 

The purpose of the research was to determine if  organization structure, percentage 

of students eligible for the free and reduced lunch program (FRL), minority/ethnicity, and 

school size were predictors of student achievement on the 2011 mathematics portion of 

the fifth-grade CRCT. Data were collected from a survey of 70 elementary principals in 

two urban school districts. Forty-six responses were received using an online electronic 

survey engine, resulting in a response rate o f 65.7%.

The CRCT was used to assess students in Grades 3-8. Each school’s CRCT data 

from 2011 were matched with the school’s organizational structure. The data were 

analyzed using the Statistical Package for Social Science (SPSS) software. Problems 

posed in Chapter 1 were addressed through data collection and an analysis of the survey 

responses. This chapter contains an overview o f the quantitative data analysis procedures 

followed by descriptive data, a test of the assumptions of regression, and the results o f the 

regression analyses.

Descriptive Statistics 

To answer the research questions, participants were surveyed on the number of 

years fifth-grade students received departmentalized instruction in mathematics in 2011. 

Participants were asked if  departmentalization was provided for at no time, for 1 year, or 

for 2 years. The purpose of the survey question was to determine if  a linear relationship

100
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existed between the number of years students receive departmentalization and student 

performance on the fifth-grade CRCT. Schools that reported no departmentalization 

were coded 0. All other schools were coded as 1, which indicated departmentalization in 

either year or in both years. Seventeen respondents were coded for no 

departmentalization (see Table 5).

Table 5

Type o f Organizational Structure

Type of classroom organization n %

Self-contained classes (no
departmentalization in either year) 17 37.0

Departmentalization in either or both
years 29 63.0

The distribution of the data was analyzed to gain more information about the four 

predictor variables, organizational structure, school size, FRL, and race/ethnicity. The 

school size of the 46 schools included in the data set ranged from 153 to 873. The 

average school size was 465.70 (SD = 187.18). The distribution of the data indicated that 

the predictor variables FRL and race/ethnicity were skewed slightly to the left. School 

size and scale score had no skewness at 0.61 and 0.90 respectively. Values between -1 

and +1 indicate that the data set is moderately skewed (Brown, 2014). A visual analysis 

of each variable’s histogram further supported the skewness statistics.

Kurtosis is a measure o f flatness, height, or peeks in the data. The standard error 

of kurtosis for FRL and race/ethnicity were identical at 0.69. A distribution with a 

positive kurtosis is leptokurtic meaning a pointed or heavily tailed distribution. Kurtosis
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for school size and scale score were -.30 and -.06, respectively, indicating a somewhat 

platykurtic kurtosis or slightly flat. The further the value is from 0, the more likely it is 

that the data are not normally distributed (Fields, 2009). Race/ethnicity and FRL were 

similar in the distribution of data.

The percent of race/ethnicity students reported in the 46 schools within the data 

set ranged from 10% to 100%, with a mean of 79.95% (SD = 31.32). Similarly, FRL had 

a range of 10% to 100% with a standard deviation of 30.15. Skewness, mean, standard 

deviation, and kurtosis are nearly identical for FRL and race/ethnicity indicating possible 

multicollinearity (see Table 6).

Table 6

Descriptive Statistics o f  Variables o f  Interest

Skewness Kurtosis

Min Max M SD Statistic SE Statistic SE

FRL (percentage o f  
students eligible for free 
and reduced lunch 
program)

4 100 74.80 31.33 -1.25 0.35 0.20 0.69

School size 153 873 465.70 187.18 0.61 0.35 -0.30 0.69

CRTC math score 793 882 825.30 23.09 0.90 0.35 -0.06 0.69

Type o f  organizational 
structure 0 1 0.63 0.49 -.56 0.35 -1.77 0.69

Statistical Assumptions for the General Linear Model 

A t test was used to answer Research Question 1. A multiple regression and 

analysis of covariance were chosen to analyze Research Questions 2 and 3. The general 

linear model is the foundation for the t test, analysis of covariance, and regression
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analysis (among other multivariate procedures). Prior to analyzing the data, assumptions 

of the general linear model were tested. Three assumptions were tested for the t test: 

normality, homogeneity of variance, and independence. Six assumptions o f regression 

(and analysis of variance) were tested to ensure that the general linear model was 

appropriate: independence of the variables, influential data points, homoscedasticity, 

normally distributed errors, linearity, and multicollinearity.

Independence

The first assumption tested was independence. Independence is typically 

assumed in most statistical procedures. According to Fields (2009), it is assumed that all 

of the values of the outcome variable are independent. However, a lack o f independence 

occurs in three broad categories in research: (a) repeated measures data, (b) time series 

data, and (c) hierarchical and grouped data. The independence assumption was not met 

due to hierarchical and grouped data. This assumption is discussed as a limitation in 

Chapter 5.

Garson (2012) suggested when data are grouped, for example by observation of 

time or other factors, it is possible that the variables will not be independent. CRCT scale 

scores for the fifth-grade CRCT in 2011 were grouped by observation, based on the year 

of administration. In addition, observations from this data set may be related because 

they came from the same sample of students who took the fifth-grade 2011 mathematics 

CRCT. A consequence of not meeting this assumption includes overestimation or 

underestimation of the p  value in cases o f between-subject or with-in cluster effects. For 

this study, a between-subjects comparison was considered. In this model, students were 

grouped by the organizational structure (departmental and self-contained).
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Influential Data Points

Residual plots and casewise diagnostics were generated to test for influential data 

points. Influential data points are defined as points whose removal would greatly affect 

the slope and affect the association o f two variables. Two data points were found to be 

outliers. The distribution o f Cook’s D  was examined. Forty-four of the cases had D 

values between .00 and 1.0, while Case 2 had a Cook’s value of .217 and Case 46 had a 

Cook’s value of .32. However, when the regression analysis was run with and without 

the two cases, the removal of the outlier data points was not significant. The R2 with the 

outliers was .74. The removal of the cases yielded a R2 o f .77. Therefore, the two cases 

were not deleted from the dataset.

Autocorrelation

To determine if  errors were independent (and lacked autocorrelation), a Durbin- 

Watson test was run. The Durbin-Watson value between 1 and 3 indicates an 

independence of errors. A Durbin-Watson value o f 2.23 was generated for this data set. 

Therefore, independence o f errors was assumed and the assumption was met. 

Homoscedasticity

The third assumption tested was homoscedasticity, which assumes that the 

variance of errors is the same across all levels o f the independent variable (Osborne & 

Waters, 2002). Keith (2006) reported that homoscedasticity tests to see if  errors are 

consistently spread out among the variables. A visual examination of the scatterplots 

between the predictor and dependent variables was made to determine if  this assumption 

was met. A random scattering of the data was observed in Figure 5. There seemed to be 

a restriction of range in the lower part o f the graph. Levene’s test of equality of error
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variances was used to test homoscedasticity and was found to be not significant (F(l, 46) 

= 268,p  = .61). Therefore, by visual analysis of the data and the Levene’s test, the 

variances were equal and the assumption of homoscedasticity was met.

Scatterplot 
Dependent Variable: SS
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- I -

Regression Standardized Residual

Figure 5. Scatterplot between CRCT scale score and independent variables.

Normality

Normally distributed variables are assumed in multiple regression (Darlington, 

1968; Osbome & Water, 2002). According to Keith (2006), normality means that errors 

are normally distributed and the residual plots form a normal curve. To test for 

normality, visual examination of the data plots, skew, kurtosis, and p-plots can be used 

(Osbome &Waters, 2002). Normality can also be determined by examining histograms 

and residual plots (see Figure 6). An analysis of these data points indicated that the 

assumption of normality was met.
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Figure 6. Histogram of standardized residuals from the regression analysis.

Linearity

When the relationship between the dependent variable and the independent 

(predictor) variables is linear, an accurate estimation of the relationship between them 

can be made (Darlington, 1968). If the assumption of linearity is not met, regression 

coefficients, standard errors, and tests of statistical significance may be biased (Keith, 

2006). Additionally, the risk of Type I and Type II errors and under or over estimating 

the relationship between the dependent and independent variable is possible. Violations 

in linearity can be identified through an analysis o f scatterplots that show standardized 

residuals vs. the predicted values (Stevens, 2009). Figure 7 contains a matrix of 

scatterplots of the data. There is a strong linear relationship evident in the data. The rate 

of change in the dependent variable is the same for the values of the independent 

variable.
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Figure 7. Plots of the standardized residuals against the predicted values in the 
regression analysis.

The scatterplots showed a high correlation between FRL and minority. Striations 

or restrictions of the range were due to the high correlation between FRL and 

race/ethnicity. The standard error for FRL was 0.11. The standard error for school size 

was 0.01. Based on a visual examination o f the scatterplots, the variable FRL was 

determined to be a greater predictor for CRCT math scores. Therefore, race/ethnicity 

was removed from the model as a predictor variable.

Multicollinearity

Multicollinearity is the assumption that independent variables are not correlated 

(Darlington, 1968; Keith, 2006). If collinearity is low, the effects o f the independent 

variables on the dependent variables can be interpreted (Keith, 2006). The more the 

variables overlap or correlate, researchers are less able to separate the effects o f the
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variables. If this assumption is not met, multicollinearity is indicated (Poole & O ’Farrell, 

1971). If independent variables are highly correlated, results of the regression analysis 

can be misleading (Keith, 2006). Multicollinearity is evident when a predictor variable 

has a strong linear relationship with other predictor variables (Shieh, 2010). The 

predictor variables FRL and race/ethnicity had a strong linear relationship, violating the 

assumption of multicollinearity. Race/ethnicity was removed as a predictor variable, 

thereby restoring multicollinearity.

Summary of Statistical Assumptions

The data met Field’s (2009) assumptions for a t test and the general linear model 

(multiple linear regression and analysis o f covariance). The results o f a Durbin-Watson 

test indicated no autocorrelation. Casewise diagnostics indicated two cases as outliers. 

However, the removal of the cases was not influential. A visual analysis o f scatterplots 

and the residual plot and histogram of standardized residuals indicated linearity, 

homoscedasticity, and normally were met. FRL and race/ethnicity were strongly 

correlated. FRL was found to be a stronger predictor of student performance on the 

CRCT; therefore, race/ethnicity was removed as a predictor variable. With the removal 

of race/ethnicity, the assumption of multicollinearity assumption was met.

Results o f the Analyses 

An independent t test was used to determine if a difference in mathematics 

performance existed between the two types o f organizational structures. A regression 

model using organizational structure, FRL, and school size was used to predict 

mathematics performance. An analysis o f covariance was used to determine if there was
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a statistically significant interaction between percent o f free and reduced lunch and 

organizational structure in terms of fifth-grade CRCT mathematics performance.

Research Question 1

Are there differences in fifth-grade performance on the CRCT in mathematics 

between students in self-contained and departmentalized classrooms?

To assess the differences between of type of classroom organization (self- 

contained and departmentalized settings) in fifth grade and the dependent variable student 

performance in mathematics, an independent t test was conducted. The null hypothesis 

for the research question stated:

Hoi: There is not a significant difference in fifth-grade mathematics CRCT scores 

between urban students who receive mathematics instruction in a 

departmentalized classroom setting and urban students who receive 

mathematics instruction in a self-contained classroom setting.

An independent samples t test was conducted to investigate the differences in the 

mean scale scores o f fifth-grade student performance on the 2011 mathematics CRCT 

between departmentalized and self-contained settings. The dependent variable had two 

levels (departmentalized and self-contained). The test was not significant (r(44) = .81,/? 

=.43). Therefore, the null hypothesis was retained. There was no significant difference 

in mathematics CRCT scores for students in departmentalized and self-contained settings. 

However, students in the departmentalized classroom (M=  827.41, SD = 24.91), on 

average, scored slightly higher than did students in self-contained classrooms (M=

821.71, SD = 19.80). The distribution of the two means is illustrated in Figure 8.
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Figure 8. Distribution of fifth-grade 2011 mathematics CRCT scores by organizational 
structure.

Research Question 2

Is there a significant difference in fifth-grade mathematics CRCT scores between 

urban students who receive mathematics instruction in a departmentalized 

classroom setting and urban students who receive mathematics instruction in a 

self-contained classroom setting when controlling for percentage of students 

eligible for the free and reduced lunch program (FRL) and school size?

A regression analysis was conducted to determine if  the dependent variables,

FRL, school size, and organizational structure, were predictors of student performance on 

the 2011 fifth-grade math CRCT (see Table 7). FRL significantly predicted student 

mathematics scores, b* = -.852, t(45) = -9.54,/? < .01. FRL also explained a significant 

proportion of variance in math scores, JR2 = .74, F(l,45) = 39.3, p  < .01. School size was
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not a significant predictor of student mathematics scores (b* = .002, r(45) = .02, p  = .98). 

Organizational structure was not a significant predictor o f student mathematics scores on 

the CRCT, b* = .039, t(45) = .48,/? =.63. The null hypothesis was rejected and the 

alternative hypothesis was accepted. FRL was a significant predictor o f student 

mathematics scores.

Table 7

Results o f  Regression Analysis o f  Research Question 2

Variable B SE Beta t P

Constant 871.020 8.92 97.69 <.01

FRL -0.628 0.07 -0.85 -9.54 <.01

School size .000 .01 .002 .02 .98

Type of classroom organization 1.85 3.83 .039 .48 .63

Research Question 3

Is there a statistically significant interaction between percentage of students 

eligible for the free and reduced lunch program (FRL) and organizational 

structure in terms of fifth-grade CRCT mathematics performance?

An analysis o f covariance was conducted using organizational structure as the 

independent variable, FRL as the covariate, and fifth-grade CRCT mathematics scores as 

the dependent variable. Figure 9 is a scatterplot o f FRL and the mathematics scale scores 

by organizational structure with fit lines for both groups. The slopes differ slightly. 

Schools with low values o f FRL did a little better than those without when 

departmentalized, but they did about the same when the FRL was high (a high percentage
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of students eligible for the free or reduced lunch program). To determine if  the slopes 

were statistically different from each other, an analysis o f covariance was conducted.
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Figure 9. Scatterplot of FRL and mathematics scale scores by classroom structure.

The analysis of covariance included an interaction term for classroom 

organization and FRL (see Table 8). Although slope of the departmentalized schools was 

steeper than the slope of the self-contained classrooms (see Figure 9), the interaction 

between classroom organization and FRL was not significant (F= .51, p  = .46); 

therefore, the null hypothesis was not rejected. Students o f different FRL did not perform 

differently on fifth-grade CRCT mathematics in the two types of organizational structure.
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Table 8

Tests o f  Between-Subjects Effects ofAnalysis o f  Covariance

Source SS d f MS F P

Corrected Model 17747.55 3 5915.85 39.74 <.01

Intercept 3704543.73 1 3704543.73 24887.85 <.01

Organizational structure 114.23 1 114.23 0.77 .39

FRL 11990.86 1 11990.86 80.56 <.01

Classroom structure * FRL 84.07 1 84.07 0.57 .46

Error 6251.68 42 148.85

Total 31355413.64 46

Corrected Total 23999.23 45

Summary

Data from 46 elementary schools were used to analyze three research questions. 

The results indicated no significant difference in mathematics CRCT scores for students 

in departmentalized and self-contained settings. However, students in the 

departmentalized classroom, on average, scored slightly higher than did students in self- 

contained classrooms. Mathematics scores were not predicted by school size or 

organizational structure. FRL was a significant predictor. Lastly, schools with different 

percentages of FRL did not perform differently on fifth-grade CRCT mathematics in the 

two types of classroom settings. A discussion of these results and conclusions drawn 

from them are included in Chapter 5.



CHAPTER 5 

CONCLUSIONS AND RECOMMENDATIONS 

The overarching purpose o f this study was to determine the relationship between 

elementary organizational structures and student performance in mathematics. The 

organizational structure investigated in this study was departmentalization and self- 

contained instructional settings. To accomplish that goal it became necessary to research 

and gain an understanding of underlying theories related to this study. Chapter 2 includes 

supporting theories, pragmatism, constructivism, urbanization, and critical race theory. 

The performance of United States elementary students in mathematics, previous studies 

on elementary organization structures, and teacher preparation in elementary mathematics 

assumed a high degree of importance during the literature review conducted for this 

dissertation. Related research areas included standardized testing and elementary 

mathematics standards.

An electronic survey was given to elementary school principals in two urban 

school districts in a metropolitan area in the southeastern United States. All respondents 

were asked to identify the type of organizational structure (departmentalized or self- 

contained) used during the 2011 school year for fifth-grade mathematics. Reponses from 

the survey were matched with the 2011 school-level CRCT scale scores. Using the 

survey and the CRCT school-level scale scores, the research problem posed in the first 

chapter o f this dissertation was addressed.

114
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Discussion

This study tested three research questions. A t test was used to test the first 

research question that determined if  there was a significant difference in fifth-grade 

mathematics CRCT scores between urban students who receive mathematics instruction 

in a departmentalized classroom setting and urban students who receive mathematics 

instruction in a self-contained classroom setting. A regression analysis was used to test 

the second research question. The second research question asked if organizational 

structure, FRL, and school size were statistically predictors o f student performance on the 

fifth-grade 2011 mathematics CRCT. The third and final research question asked if there 

was an interaction between FRL and organizational structure in predicting mathematics 

scores.

Organizational Structure and Mathematics Performance on the CRCT

No significant relationship between organizational structure and student 

mathematics achievement scores was found. Results from McGrath and Rust (2002), 

Moore (2008), and Williams (2009) supported these findings, while Yearwood’s (2011) 

results contradicted them. McGrath and Rust (2002) compared fifth- and sixth-grade 

student performance on the TCAP in self-contained and departmentalized settings. While 

students in self-contained settings made significant gains in language arts and science 

compared with students in departmentalized settings, there was no significant difference 

in student performance in mathematics.

While there was no statistically significant difference in organizational structure 

and student performance in the current study, the mean scores of students in 

departmentalized classroom settings were slightly higher than were those o f students in
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the self-contained classrooms. The results of the current study align with findings from 

Gibb and Matala (1962), Moore (2008), and Williams (2009), which did not find 

significant differences, but did find that students in departmentalized classroom settings 

scored slightly higher than students did in self-contained classrooms. In a study similar 

to the current one, Moore (2008) used the Tennessee Comprehensive Assessment to 

compare student performance in self-contained and departmentalized settings. Moore 

examined students’ performance in Grades 4 and 5. A state standardized achievement 

test was used and two organizational groups were examined. The achievement tests were 

both timed and multiple choice and measured student performance in mathematics as 

well as other core subjects. An independent t test was used to determine the difference 

between the two independent variables (self-contained and departmentalized settings) and 

student achievement scores on the Tennessee Comprehensive Assessment. Students in 

departmentalized settings scored slightly higher than did students in self-contained 

classrooms. A small relationship between organizational setting and math achievement 

scores was found.

Williams (2009) compared fifth-grade student performance on the 2007 and 2008 

math portions of the CRCT and self-contained and departmentalized settings. There was 

no statistically significant difference in student performance on the math CRCT between 

the two types o f classroom settings. Fifth-grade students in the departmentalized setting 

on average scored slightly higher than did students in a self-contained setting.

In contrast, Yearwood (2011) found a statistically significant difference in 

mathematics achievement scores in self-contained and departmentalized settings. Fifth- 

grade students in rural Georgia scored statistically significantly higher on the math 2010
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CRCT in departmentalized settings than students in self-contained settings. However, the 

effect size was small. Classroom setting accounted for only 1% of the variation in 2010 

math CRCT scores.

Predictors of Fifth-Grade Mathematics Performance

The second research question asked if  organizational structure and school 

variables of FRL and school size predict fifth-grade CRCT mathematics performance. A 

regression analysis was conducted to determine if  these independent variables influenced 

the dependent variable. Based on the regression analysis, FRL was found to be the only 

independent variable that predicted student performance on the fifth-grade mathematics 

CRCT in 2011. Eligibility for the free and reduced lunch program is one o f several 

indicators of poverty or low SES. SES has significant impact on student mathematics 

performance (Dahl & Lochner, 2005; Okpala et al., 2001; Secada; 1992). FRL accounted 

for 85% of the model. Previous studies on school size indicate smaller elementary 

schools are associated with higher academic achievement. A study by Kiesling (1968) in 

New York found higher reading and mathematics test scores in elementary schools with 

smaller enrollments when controlling for socioeconomic factors. Reading and 

mathematics achievement scores were higher in smaller schools in a study by Wendling 

and Cohen (1981). A meta-analysis of studies on school size conducted by Fowler

(1995) found consistent evidence that smaller schools have higher student performance. 

The results o f this study found that school size was not a statistically significant indicator 

of student performance.
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The Interaction of FRL and Organizational Structure

The third research question asked if there was an interaction between FRL and 

organizational structure when examining mathematics achievement. Schools with 

different percentages of FRL did not perform differently on fifth-grade CRCT 

mathematics in the two types o f classroom settings. The analysis o f covariance did not 

find a significant interaction between FRL and organizational structure. Becker (1987) 

used achievement tests for mathematics, language arts, reading, science, and social 

studies to compare student performance in self-contained and departmentalized settings 

in the study. Students from lower socioeconomic groups scored higher in self-contained 

classrooms compared with students in departmentalized settings. Students in low/middle 

socioeconomic groups scored higher in a self-contained classroom setting than the 

students in a departmentalized setting. Further, students in high/middle and high 

socioeconomic groups scored higher in self-contained classrooms then students in 

departmentalized settings. In summary, Becker (1987) found that students from lower 

socioeconomic backgrounds benefited from a self-contained classroom.

Patton (2003) found a statistically significant interaction between organizational 

setting and SES. Departmentalized students who paid for lunch scored higher than 

students who received free/reduced lunch. A medium effect size was obtained for SES 

group differences in this structure. Students who paid for lunch in a self-contained 

classroom also scored higher than did students who were eligible for the free or reduced 

lunch program. The effect size for this setting was small. A greater difference appeared 

between SES groups within departmentalized classrooms compared with those within 

self-contained classrooms.



119

Conclusions

No statistically significant difference in fifth-grade mathematics performance on 

the 2011 CRCT between departmentalized and self-contained settings was evident in the 

analysis o f the data. Research by Harris (1996) suggested that this finding could be 

attributed to the idea that the self-contained setting supports more time on task and 

instructional time. Slavin (1988) asserted that self-contained classes provide a more 

caring and supportive environment. High-quality relationships between teachers and 

students are more likely to be fostered in self-contained settings than in departmentalized 

setting (McPartland, 1990; McPartland & Braddock, 1993). Chang et al. (2008) further 

suggested self-contained settings allow the classroom teacher to work consistently with 

the same children in multiple content areas and allow the teachers to better assess 

students’ needs. Teachers in self-contained settings are considered to have a stronger 

sense of students’ strengths, weaknesses, and individual learning styles.

This study found that neither departmentalization nor self-contained settings 

significantly impacted student mathematics performance. However, research proposes 

that specialized instruction mathematics would be beneficial for student performance. 

Anderson (1962) suggested that departmentalized instruction in elementary schools 

provides teachers with a better understanding o f the subject the opportunity to provide 

deeper instruction. According to Chan and Jarman (2004), teachers in self-contained 

elementary settings are unrealistically considered specialist and experts in all subjects.

The departmentalized setting is considered a necessary organizational structure to address 

the growing demands of standards based instruction. In departmentalized settings, 

teachers are able to be content specialists. However, Battista (1999) stated that one o f the
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most significant issues in implementing standards-based mathematics instruction is the 

lack of teacher mathematical knowledge. Reys and Fennel (2003) stressed the 

importance of teacher content and pedagogy knowledge in mathematics. NCTM (2000) 

supported this position and suggested that elementary mathematics teachers have a firm 

conceptual understanding of mathematics. Despite these assertions, teacher preparation 

in elementary school mathematics has continued to be mediocre (National Council on 

Teacher Quality, 2008,2009,2010,2011,2012). Additionally, research suggests that 

teachers are either underqualified or have a negative perception of themselves as 

mathematics teachers (Darling-Hammond & Sclan, 1996; Freeman et al., 2002).

Research supporting specialized mathematics teachers or departmentalization at 

the elementary level indicates that it would be more attainable to improve mathematics 

knowledge of a few elementary teachers rather than attempting to improve the entire 

teaching force (Wu, 2009). In this study, teacher knowledge was not considered. 

However, including this variable in future studies may be worth researching.

In addition to organizational structure (departmentalization and self-contained 

settings), other independent variables included in this study were percentage of students 

eligible for the free and reduced lunch program (FRL) and school size as predictors of 

fifth-grade CRCT mathematics performance. FRL was the only statistically significant 

predictor of student mathematics performance. Organizational structure and school size 

were not significant predictors o f mathematics performance. While this study did not 

find school size to be a significant predictor o f student performance, research by Cotton

(1996) suggested that schools with populations o f ethnic minority students in low- 

socioeconomic areas showed positive academic performance in smaller schools.
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The third research question further investigated FRL and its interaction with 

organizational structure (self-contained and departmentalized settings). FRL was 

considered an important variable due to research provided by NCTM (1989) and Moses 

and Cobb (2001). Both stated the importance o f mathematics knowledge and education 

as an essential factor in access employment and attaining higher levels in economic 

status. Becker (1987) and Patton (2003) included FRL as an independent variable in their 

studies on departmentalization. The findings for these studies were mixed. Becker 

(1987) found students from lower-socioeconomic backgrounds tended to have higher 

achievement levels in self-contained settings than in departmentalized settings. African 

American and other minority students often comprise a large percentage o f low SES 

populations (Strutchens & Silver, 2000). Patton (2003) suggested that minority students 

fare better in self-contained settings due to the stability of one teacher. Despite this 

assertion, Patton (2003) found that students in lower-socioeconomic groups performed 

better in departmentalized settings than in self-contained settings. The findings in the 

current study indicated that students at different FRL levels did not perform differently in 

the two organizational structures. Further investigation is needed due to the mixed results 

found in Becker (1987), Patton (2003), and the current study.

Recommendations for Further Study

The following recommendations are offered for related research in the field o f 

departmentalization and mathematics performance.

1. Given the change in elementary mathematics curriculum and increases in 

accountability for student learning, further study into departmentalization and 

specialized instruction in mathematics is warranted (National Mathematics
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Advisory Panel, 2008). Few studies have been conducted in the area of 

departmentalization in elementary schools and student mathematics 

performance. Outcomes of studies conducted are mixed. Although results 

showed the relationship between student mathematics performance and 

organizational structure was not statistically significant, slight differences in 

student performance between departmental and self-contained settings were 

detected (Moore, 2008; Williams, 2009).

2. Research related to student performance in departmentalized settings when 

controlling for SES has not been extensively explored. Two studies reviewed 

in this study, Becker (1987) and Patton (2003), included SES as a controlling 

variable. Results from Becker and Patton indicate that SES influences student 

performance in departmentalized settings. Additional studies on the influence 

of SES (or FRL) on organizational structure in elementary settings would be 

beneficial for urban mathematics education.

3. This study included school size as one o f the independent variables. While 

school size was not a predictor o f student performance for this study, further 

examination is warranted. Fowler (1995), Kiesling (1968), and Wendling and 

Cohen (1981) indicated that school size is a strong predictor o f student 

performance. Studies on student mathematics performance in a 

departmentalized setting when controlling for school size can add to the body 

of research about this variable.

4. Teacher quality, preparedness, effectiveness, efficacy, and experience were not 

considered in this study. Darling-Hammond (2000) indicated that teacher
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effectiveness has a strong influence on student performance. The National 

Council on Teacher Quality (2009) has researched at length teacher 

effectiveness, efficacy, and preparedness. Studies controlling for these factors 

would add to the body o f research on departmentalization in elementary 

settings.

5. This study included 46 cases from two urban school districts. The sample size 

was small, leading to possible errors in generalizing outcomes from the study. 

Additional studies on this topic should include more schools from urban areas.

6. This study focused on mathematics performance in urban elementary schools. 

However, comparing student performance in rural or suburban elementary 

schools could provide more insight into student performance in urban settings.

7. In the current study, the dependent variable was school-level standardized test 

data. Recommendations for further studies should include individual scores.

8. Free and reduced lunch percentages provide a partial picture o f the proportion 

of students who come from disadvantaged backgrounds (Kurki et al., 2005). 

However, it does not fully capture all the dimensions of poverty. Including 

additional variables, such as the demographics of the school’s neighborhood, 

and the percentage of single-parent households may provide a better picture of 

poverty.

Implications

The results of this study have important implications for elementary school 

principals, teachers, and interested stakeholders. Concerns about elementary 

mathematics performance will continue to be an important consideration as the Common



Core State Standards are implemented. The Common Core State Standards (2010) are 

considered more narrow and in-depth than the Georgia Performance Standards. 

Therefore, teacher content and pedagogy knowledge will continue to be a concern in the 

future. Professional development opportunities on mathematics content and pedagogy 

will be needed.

While departmentalization was not found to affect student performance on fifth- 

grade mathematics standardized tests, mean scores were slightly higher than in self- 

contained settings. Chan and Jarman (2004) stated that elementary teachers are 

unrealistically expected to be specialists in all areas and provide an equal level of 

rigorous instruction in all content areas. As teacher evaluations begin to be attached to 

student performance, the investigation into self-contained versus departmentalized 

settings will remain a real area o f research. Elementary teachers having the opportunity 

to specialize and focus on one content may also be feasible consideration as it relates to 

teacher evaluations.

This study found a strong relationship between socioeconomic status (as 

measured by the percentage of students eligible for the free and reduced lunch program) 

and mathematics performance. Gaps in student performance reported by the 2013 Trial 

Urban District Assessment show that the majority o f African American students perform 

at basic or below basic levels. In comparison, Caucasian students score at proficient or 

advanced levels. This implies that further professional development opportunities may 

be needed for elementary teachers in urban areas.
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Summary

Mathematics is considered a gatekeeper to economic stability (Kilpatrick et al., 

2001; Moses & Cobb, 2001; NCTM, 1989). However, many elementary students, 

especially urban students, are at risk o f receiving mediocre mathematics education from 

teachers who lack the qualifications, knowledge, or self-efficacy to teach the subject 

deeply and conceptually (Battista, 1999; National Commission on Teaching and 

America’s Future, 2003; Tate, 1997). The type o f instruction needed in elementary 

education is a constructivist method that allows students to draw on a broad base of 

mathematics to think critically, problem solve, and apply mathematics (NCTM, 2000; 

Reys & Fennell, 2003).

Improving mathematics performance in elementary schools has become a primary 

focus in legislation. Specialized instruction in mathematics or departmentalization on the 

elementary level is a possible solution to the problem. In this setting, teachers more apt, 

better trained, or having a passion for mathematics provide instruction in mathematics 

rather than each teacher providing instruction in all subjects (Anderson, 1962; Chan & 

Jarman, 2004). Despite the promising structure o f this model often seen in middle and 

high school levels, studies on departmentalization on the elementary level are few and 

mixed.

This study found no significant difference in student mathematics performance in 

self-contained or departmentalized settings as measured on the 2011 CRCT. However, 

the practice of departmentalization is still worth investigating. Due to the continued 

increased demands in teacher accountability and higher standards for mathematics
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instruction, specialization or departmentalization may be a required trade-off to the 

relationship building often referenced in self-contained settings.

The face of education changes rapidly. Approximately 60 years ago, African 

American students were integrated in public schools. The population of urban cities has 

boomed over the last 20 years due to increased methods and modes of travel.

Mathematics instruction has changed drastically from rote and teacher-centered 

instruction to conceptual and student-centered instruction emphasizing problem solving 

and critical thinking necessary for 21st-century living. Yet, the traditional structure of 

elementary schools has remained overwhelmingly the same-one teacher teaching all 

subjects. According to the pragmatist tradition, it is essential to consider the factors and 

elements of the time and adjust to meet the demands of the present day.

Departmentalization is an organizational structure needing more research and 

attention. This study included organizational structures, percentage o f students eligible 

for the free and reduced lunch program, and school size as independent variables. This 

study adds to the body of knowledge on departmentalization because it continues the 

investigation on how to provide the best mathematics instruction to elementary students.
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