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ABSTRACT

Relationships Between Classroom Schedule Types and Performance on the

Algebra | Criterion-Referenced Test

by

Gregory V. Murray, Doctor of Philosophy
Utah State University, 2012

Major Professor: Dr. Patricia Moyer-Packenham
Department: School of Teacher Education and Leadership

Public education has options with regard to educational settings and structures.
States and school districts may select varying lengths for the school year, lengths for the
school day, and lengths for individual class periods. In Utah, one measure of students’
achievement is scores on the State’s end-of-level criterion-referenced test (CRT) for
Algebra I. Additionally, an option regarding educational structures is the schedule type
used to deliver Algebra I classes. This study examined the relationship between student
achievement as measured by Algebra | CRT scores, and the schedule type used to deliver
Algebra I classes. The schedule types compared were the traditional daily schedule,
trimester 3/3 schedule, trimester 2/3 schedule, and the block A/B schedule. This study
sought to answer two research questions: (1) What is the relationship between
mathematics instructional schedule type and student scores on Utah’s CRT for Algebra I,

for all students? and (2) What is the relationship between mathematics instructional



schedule type and student scores on Utah’s CRT for Algebra I, by individual grade
levels? Data were obtained from the Utah State Office of Education and included the
scores for 50,000 Utah students, from over 300 different schools, who took the identical
Algebra | CRT at the end of the 2010-2011 school year. Data were also obtained from
each school district to determine the schedule type of each participating student. Both a
multinomial logistic regression analysis and a t-test analysis were conducted to determine
relationships between Algebra I CRT scores and schedule types. The results indicated
significant differences in student achievement based on the schedule type overall and for
individual grade levels. Generally, the earlier the grade level the higher the CRT score.
Within individual grade levels, there were both statistically significant and nonsignificant
differences. The schedule types that generally score the highest (trimester 3/3 and
traditional) had more time in the mathematics classroom and the students’ mathematics
class met daily. The results suggest the value of daily time spent in the mathematics
classroom and may assist educators when considering options available to foster student
achievement.

(119 pages)



PUBLIC ABSTRACT

Relationships Between Classroom Schedule Types and Performance on the

Algebra I Criterion-Referenced Test

by

Gregory V. Murray, Doctor of Philosophy

Utah State University, 2012

Public education has options in regard to educational settings and structures.
States and school districts may select varying lengths for the school year, lengths for the
school day, lengths for individual class periods, and course scheduling configurations.
The No Child Left Behind Act of 2001 urged educators to improve educational outcomes
while examining selected measures of student achievement. In Utah, one measure of
students’ achievement is scores on the state’s end of level criterion-referenced test (CRT)
for Algebra 1. In addition, one option regarding educational structures is the schedule
type used to deliver Algebra I classes. This study examined the relationship between
student achievements in Algebra I, as measured by Algebra I CRT scores, and the
schedule type used to deliver Algebra I classes. The schedule types compared were the
traditional daily schedule, trimester 3/3 schedule, trimester 2/3 schedule, and the block
A/B schedule. This study sought to answer two research questions: (1) Are there
statistically significant differences in student CRT scores on the Algebra I test when

comparing schedule types? and (2) Are there statistically significant differences in



Vi
student CRT scores on the Algebra I test when separating students by grade level and
then comparing schedule types?

Data were obtained from the Utah State Office of Education and included the
scores for 50,000 Utah students, from over 300 different schools, who took the identical
Algebra | CRT at the end of the 2010-2011 school year. Data were also obtained from
each school district to determine the schedule type of each participating student. A
multinomial logistic regression analysis was conducted, in con junction with t tests for
percent analysis, to determine relationships between Algebra | CRT scores and schedule
types. The results indicated significant differences in student achievement based on the
schedule type overall and for individual grade levels. Generally, the earlier the grade
level the higher the CRT score. In grades seven, eight, and nine, the results showed the
trimester 3/3 schedule students scored the highest. For grades 10 and 11, the traditional
schedule students’ scored the highest; and for 12" grade there was no significant
difference between scores. The schedule types that generally score the highest (trimester
3/3 and traditional) had more time in the mathematics classroom and the students’
mathematics class met daily. The results demonstrate the value of daily time spent in the
mathematics classroom and may assist educators when considering options available to

foster student achievement.
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CHAPTER |

INTRODUCTION

Background of the Problem

What constitutes the optimum circumstance for student learning is imprecise
because of the effects of overlapping factors. For a high school student, learning is
impacted by several variables, including: quality of the instruction, interest in the subject,
family economic status, levels of previous success, distractions from home, distractions
from peers, changing hormones, and time spent on task. Some of these factors are static
and some are flexible. The amount of time spent in teaching and learning a particular
curricular area is adjustable and the individual school has options as to how that time is
allocated. A powerful influence on the parameter of instructional delivery is the schedule
type of classrooms and schools. The constraints of schedule type can influence teacher
pedagogy and student assimilation of knowledge.

In the secondary classroom, mathematics is universally part of the curriculum.
Schools operate on a general agreement that all students in the United States should learn
algebra by the end of high school (Bass, 2005). Starting with the acceptance of the
Carnegie Unit of 1906, high schools have measured credits by the number of hours
successfully spent in individual classrooms (Rosario, 2000). Following A Nation at Risk
(National Commission on Excellence in Education, 1983) and the National Education
Commission on Time and Learning (1994), considerations were given to alternative ways

to manage the school year and the school day. One of the common changes to the school
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day was the shift to one of the forms of the block schedule; by 1995 more than half of all
high schools were using the block schedule (Veal & Flinders, 2001) and by 2008 over
72% of secondary schools used some form of the block schedule (Queen, 2009). The
effect of these schedule changes school wide was not readily clear. Mathematics is
universally taught but the influence of schedule changes on teacher pedagogy and teacher

learning in the mathematics classroom was initially uncertain.

Statement of the Problem

Algebra has been a cornerstone of the mathematics and school-wide curriculum
for centuries. While the presence of algebra in the school curriculum has not changed, the
research methods and theoretical frameworks to determine if and how students learn
algebra have changed often in the past hundred years. The concept of algebra being
purely theoretical has evolved into an understanding of algebra as an accessible language
which describes the world in both complex and simple ways. Algebra in the secondary
school is the fundamental course for students’ access to higher level mathematics and for
access to our increasingly technological society (Haas, 2005). NCTM advocates the
instruction of the basics of algebra to early elementary age students as well as advising
and guiding educators in the methods to portray algebra as a dynamic and necessary
vehicle in all students’ education (Burke, Erickson, Lott, & Obert, 2001).

The manner in which the algebra class has been structured has changed in a
significant way in the past 15 years. The more traditional classroom schedule has been

largely replaced by the block schedule. Three of the reasons presented for a change in the



mathematics classroom from the traditional 45-minute schedule to a block schedule
included: more time in class for students to explore concepts, more time for the teacher to
interact with the students, and more opportunities for the teacher to present in-depth and
varied instruction (Gullatt, 2006). The three goals are generally achieved but the issue of
how this change in scheduling influences students’ learning of algebra remains.

In Utah, prior to the No Child Left Behind Act (NCLB), a state algebra test was
administered to students in each district. When NCLB was implemented, Utah used that
existing algebra criterion-referenced test (CRT) as a marker of student understanding and
achievement. Actions were taken at the state level to assist districts and mathematics
teachers to meet the challenge of NCLB standards. However, some of the schools were
using the traditional schedule and some were using the block schedule. It was not known
whether or not the schedule type and the associated instruction influenced algebra
students’ learning using the traditional schedule compared with algebra students using a
block schedule. It is also important to understand whether or not the grade level of
students has an impact on the CRT results when comparing schedule types. Many factors
exist that influence student learning and one of the factors that can be changed is the

schedule type in the algebra classroom.

Significance of the Problem

Because schedule types are a malleable factor in schools, knowing the influence
of the instructional schedule type on algebra CRT scores may be significant in decision

making for school administrators. After the implementation of NCLB, states and local



school districts have been pressed to determine if adequate yearly progress (AYP) has
occurred. Because of the universality of algebra for nearly all students, algebra has
become one of the measures of AYP. State offices of education and school districts,
which use state-sponsored standardized testing programs, have fostered a results-oriented
instructional climate for individual schools and for individual teachers (Haas, 2005).
States and districts are faced with the challenge to determine which teaching methods,
school schedules, teacher training programs, textbooks and other educational dynamic
have a positive impact on student learning in the algebra classroom.

The Utah State Office of Education (USOE) required a student to successfully
complete three mathematics courses for high school graduation: algebra, geometry, and a
third course from the approved list of mathematics courses (USOE, 2010). The
requirement that all students must pass algebra in order to graduate from high school in
Utah makes algebra of vital import. Until recently, Utah required that all high school
students pass the Utah Basic Skills Competency Test (UBSCT); 60% of the questions in
the mathematics portion of the UBSCT test were pre-algebra and algebra questions
(USOE, 2008). Even though it is not required in 2012, the UBSCT may again become
part of a high stakes testing program in Utah. Regardless of the implications of testing,
the “ideas of algebra are an indispensable component of mathematical literacy in
contemporary life” (Burke et al., 2001, p. 5) and a determination of which classroom
schedule is most effective should be pursued.

The algebra common core curriculum in Utah is published and available to all

mathematics teachers. During the past 8 years, the topics of mathematics instruction,



textbook use, considerations of the previous years’ disaggregated CRT scores, and
teacher training focused on the specifics of student learning in the mathematics
classroom. A piece that is lacking for mathematics is the clear understanding and use of
research in decision making on the local and state levels; a targeted focus “on better
linking research and practice is necessary to improve the landscape of educational
research, the ways that it used in day-to-day decision-making in schools and districts,
and, ultimately to improve student learning” (Arbaugh et al., 2009, p. 3). Schools and
districts have the power to change school schedules and the evidence from research may
be used to make school decisions. The algebra course is universal in secondary schools
and a positive measure of students’ scores in algebra indicates compliance to NCLB
standards. A study that explores classroom schedule type and uses a common metric,
Algebra I CRT scores, can be helpful in understanding the relationship between these two

commonplace classroom components.

Definition of Terms

Each field of study has its own particular lexicon. Mathematics has very precise
definitions for terms and concepts but the teaching of mathematics incorporates meanings
that are specialized and contextual. Germane to understanding the review of literature and
my research process is the meanings and common use of various classroom schedules
and courses in Utah.

1. Traditional schedule: A schedule when each class period is approximately 50

minutes long and the class meets every day during the 180 day school year. This term



does not imply the content of the curriculum nor the method of delivery is from a
particular era; it is a reference to length of the class period.

2. Block A/B schedule: A schedule when each class period is approximately 88
minutes long and the class meets every other day during the 180 day school year; a total
of 90 class meetings per year.

3. Block 4x4 schedule: A schedule when each class period is approximately 88
minutes long and the class meets every day for one semester; a total of 90 class meetings
per year, all in the same semester.

4. Block schedule: A general reference to either the block 4x4 schedule or the
block A/B schedule.

5. Modular schedule: Another name for the general term block schedule.

6. Trimester schedule: A schedule when the 180 day school year is divided into
three 60 day semesters. Each class meets for approximately 60 minutes every day and
students stay in the same class for two of the three trimesters.

7. Algebra: The mathematics course typically taken by students between 7" and
12" grades; more precisely named Algebra I.

8. Algebra Il: The mathematics course which follows, and is a continuation of;,

algebra and will be referred to in this study only as Algebra II.

Purpose of the Study

This study will investigate the relationships between various mathematics

classroom schedule types and results on Utah’s criterion-referenced test for algebra



students. A primary focus of this study is on the schedule type and its relationship to
algebra CRT outcomes; a secondary focus is on the relationship between grade level and
algebra CRT outcomes. The study will analyze all students on the traditional schedule
compared to all those on the 4x4 block or A/B block. Algebra classes will be separated
by grade level, for example, eighth-grade students on the traditional schedule compared
to eighth-grade students on 4x4 block schedule.

Numerous studies describe secondary school schedules and achievement (Bass,
2005; Canady & Hothkiss, 1985; Gruber & Onwuegbuzie, 2001; Zepeda & Mayers,
2006). However, few of these studies compare schedule type with state tests and none of
these studies explore schedules and achievement in Utah. The importance of algebra as a
mathematics cornerstone and the position of algebra in the analysis of adequate yearly
progress, as deemed by NCLB standards, necessitate an examination of the conditions
under which students learn algebra. Many of the factors which may impact student
learning, such as, age, gender, SES, general aptitude, previous experiences in a math
class, cannot be changed. These factors, along with teacher practice, teacher training,
curriculum selection, instructional materials, and schedule type, all have potential
impacts on student learning. However, for this study, schedule type will be the only one
of these factors examined. By studying a large group of students in Utah and isolating
one variable a starting point may be determined in terms of possible factors influencing
student CRT scores. The schedule type used for the delivery of instruction can be
reconsidered if it is determined that one particular schedule is significantly superior in

terms of a measure of CRT scores compared to another schedule type. If the research



findings in this study suggest that seventh, eighth, and ninth graders score significantly
higher on Utah’s CRT while being taught on the block schedule than those seventh,
eighth, and ninth graders being taught on the traditional schedule then subsequent
investigations can examine what factors (e.g., changes in teachers’ instruction, time
allotted for learning activities) are a potential explanation for this finding. This study will
examine the algebra CRT scores for over 30,000 Utah students who took the identical
test, all during the same 6-week period. Such a large data set will shed light on potential

relationships between schedule type and CRT scores.

Research Questions

The following research questions guided this study.

1. What is the relationship between mathematics instructional schedule type and
student scores on Utah’s CRT for algebra, for all students?

2. What is the relationship between mathematics instructional schedule type and

student scores on Utah’s CRT for algebra, by individual grade levels?

Assumptions, Delimitations, and Limitations

It was assumed that the information provided by the data miner in the USOE was
accurate. It was assumed that the information gathered from the 41 separate school
districts in regard to schedule types in use in each of their secondary schools was
accurate. It was assumed that other factors that influence student scores existed but they

were not a part of this particular study. | managed the collection of the data for district



schedule type because the state did not have a record of the schedules for each separate
school and care was needed to make sure that the type of schedule used within the
schools was during the same time frame that the CRT data were created.

Delimitations are characteristics that have been consciously included or excluded
from the study and affected the choice of my problem, the purpose of my study, and my
research questions. For this study | selected data from students in Utah public schools.
The dependent variable was scores on the state CRT and not measurements of chapter
tests, grades, graduation rates, honor roll attainment, or any other measure of
achievement. My using a singular CRT score does not indicate that that one score is the
only, or all inclusive, measure of achievement. Indicators of student learning are complex
(Schoenfeld, 2002) but this study focused on the one measure because it was universal to
so many students in Utah and had important weight in the NCLB and state measure of
student success. | studied the CRT scores for algebra, which is the ubiquitous course for
secondary mathematics students. The choice to select schedule type as the independent
variable aided in the simplicity of analysis and potential validity of the study. I did not
choose to study how teachers alter their instructional delivery when they teach in each
type of schedule parameter. | did not choose student socioeconomic status (SES), gender,
race, or school size for this study; those factors did not have the same potential for
alteration as the schedule of a school.

The limitations of a study are the parameters of the generalizations of the results
of the study. For this study the topic is mathematics; therefore, an assumption could not

be made that any results would apply to other secondary subjects. Utah has a



10
demographically homogenous population in comparison to other states. The data for this
study were taken from just one school year (2010-2011); it should not be assumed that
the identical results could be obtained for any other school year. This was only a snapshot
of groups of students and grade-level grouping for one school year; different groups of
students and grade levels may have different variance in different years. If the results
indicate that students on a particular schedule type score higher on the algebra CRT, there
cannot be an assumption that other measures (student efficacy, GPA, SAT score) would
also increase in the mathematics class with the same schedule. There could be multiple
variables that were included in this study (teacher training, teacher instructional
adjustment to different schedule types, student adjustment to new schedule type, textbook
non-alignment to specific schedule type) that impact CRT performance other than
schedule, but this study focused on the relationship between schedule type and CRT

Scores.
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CHAPTER II

REVIEW OF LITERATURE
Scheduling Variations in the Algebra I Classroom

The purpose of this chapter is to review the literature in regard to varying
schedule types in the classroom and the ways these different schedules influence the
classroom environment, teaching practice and, perhaps, student learning. A primary focus
will be on these educational manifestations in the mathematics classroom. In the ongoing
effort to maximize student learning, educators have explored and altered the structures of
the educational system. Different grade levels, SES, subject areas, gender, and student
abilities have prompted careful consideration of the impacts of school settings and
instructional methods. This review of the literature provides the historical context for
scheduling, different schedules that schools have used, the influences of schedule
differences on teacher practice, and the influences of schedule and practice on student
learning. The review compares students’ mathematics learning in different school
schedule types, the research related to teacher practice in the mathematics classroom,
considers the singular importance of algebra in the mathematics curriculum, and

describes the various measures by which algebra teaching and achievement is evaluated.

Historical Context
Public schooling became widespread during the common school movement era of
the early 19" century with the growing belief that schools were for all children and that

using a regimented system would dissipate learning (Kliebard, 2004). The social
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efficiency model of education, later in the 19" century, viewed students as part of system
in which efficiency was the overriding principle with little concern for individualization
or the effectiveness of instruction. The lack of individualization and allegiance to the
social efficiency model was questioned by John Dewey, Lucy Mitchell, Edward
Thorndike, and others in the 20" century. Their belief was that students were individuals
and not just parts of a whole. The landmark report, A Nation at Risk (National
Commission on Excellence in Education, 1983), questioned how educational time was
being spent on instruction in the American public schools. In addition to A Nation at
Risk, other “reports dating from the late 1980s and early 1990s focused on time-on-task
with school schedules, [describing how] schools and communities have experimented
with a variety of alternative schedules” (Gullatt, 2006, p. 250). The National Education
Commission on Time and Learning (1994) expressly sought to discuss and discern the
uses of time in regard to both the students’ school schedule and in daily activities. The
Commission on Time considered, for both elementary and secondary education, the
parameters of traditional schedules, flexible schedules, extended days, year-round school,
and other non-traditional schedules in the contexts of the United States and in
international educational settings. Students’ use of time was examined both in the school
and at home, including such activities as extracurricular sports and television viewing
time. The report surveyed the types and amounts of time that students used in various
activities but did not express a conclusion as to what was the most effective classroom
schedule to increase student progress (Copple, Kane, Levin, & Cohen, 1992). This

influential commission spurred debate and left open opportunities for researchers to
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conduct studies to attempt to determine the most effective school schedule (Geerstle &
French, 1993; Lakoff & Nunez, 2000). The impetus for these reports and reviews on how
student spent their learning time was an underlying belief that scientific study, not
previous common practice, would yield the most effective framework for use of

classroom time and for the optimization of educational practice.

Common 6™- Through 12"-Grade Schedule Types

Today, four schedule types are common in U.S. schools. These schedule types are
presented in Table 1. A traditional schedule consists of a school year of about 180 days
and a daily schedule consisting of six or seven separate class periods; these class periods
are generally 50-55 minutes in length. This schedule does not imply the type of
instruction nor the content but the organization of time in the classroom. In a 4 x 4 block
schedule students have four classes per day and have the same four classes each day for
one 90-day semester and switch to four different classes for the next 90-day semester.
Each of these class periods is about 88 minutes long. A block A/B schedule means the
class periods are approximately 88 minutes long and students have four classes one day
and four different classes the next day, thus the A-day and a B-day designation. The
block A/B schedule is the same for a student for the entire school year unless they have a
Y credit class, which will last 88 minutes per day for one semester. Mathematics block
courses are generally 88 minutes per day for 90 school days per year. In addition, in the
trimester schedule generally has the 180 day school year is divided into three parts and
students take a mathematics course for two (or three) of the three trimesters for about 70

minutes per class period.



Table 1

Schedule Types Comparison
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Approximate minutes

Approximate hours in

Schedule type Meeting days per class period math class per year

Traditional Math every day (180 math 50 minutes 150
days)

4x4 block Math every day; one 88 minutes 132
semester (90 math days)

AJB block Math every other day; full 88 minutes 132
year (90 math days)

Trimester 2/3 Math every day for 2 70 minutes 140
trimesters, 120 days per
year

Trimester 3/3 Math every day for all three 70 minutes 210

trimesters

Throughout the many school districts in the United States other less common types of

schedules exist. The research studies described below focus primarily on the traditional,

the 4 x 4 block, the block A/B, and the trimester schedules, which are the most frequently

used schedule types in Utah (USOE, 2011a).

Rationale for VVarious Classroom Schedules

Educational reformers have been grappling with how educators can better use the

school day to improve student learning (Gullatt, 2006; Sizer, 1992). In the 1990s,

educators considered how students learn and what structures facilitate learning. One

consideration was the daily classroom schedule in the secondary schools, which had been

virtually unchanged for 200 years. Many of the factors that students bring to the



15
classroom cannot be changed, which has led schools to consider changing factors over
which schools do have control. A shift in the perception of the usefulness of the
traditional school model transformed educational thought: “Decades of school
improvement efforts have floundered on a fundamental design flaw, the assumption that
learning can be doled out by the clock and defined by the calendar” (Copple et al., 1992,
p. 13). Because the traditional schedule was already in place, no one provided a rationale
for it. Forman (2009) described how learning has been discussed in terms of length of the
school year, length of the school day, and the structure of the school day. Based on
various theories, schools experimented with different schedule types. During the last
fifteen years, research has examined the success, or lack of success, of those scheduling
changes. Many school districts shifted to using a block schedule, either A/B or 4 x 4, for
similar reasons.

The most common reason cited for using a block schedule is a longer period of
instruction, whereby teachers can delve more deeply into the content of a lesson
and provide students with more authentic learning opportunities, such as a
laboratory experiences, cooperative group work, and project-based learning tasks.
(Biesinger, Crippen, & Muis, 2008, p. 191)
Therefore, if the block schedule is used by teachers to enable more time for the in-depth
study of mathematical content then this shift in instructional practice has the potential to
influence learning and achievement. Biesinger and colleagues (2008) wrote about the
mathematics classroom and the need for math students to have non-lecture time to gain a
greater understanding of complex ideas. In terms of subject areas, “mathematics is

presently the most discussed core subject area when the concept of block scheduling is

approached” (Gullatt, 2006, p. 256). Proponents of the block schedule contended that
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more time in the classroom, with less teacher lecturing, allows for additional instructional
approaches (Canady & Hothkiss, 1985; Jenkins, Queen, & Algozzine, 2002). Canady and
Hotchkiss provided a significant and early study of the newly emerging block scheduling
movement. They found that the teachers had more time for planning, interacted with
fewer students each day, and that limited gains were achieved in both reading and
mathematics. In addition, they concluded that these early years of block implementation
lacked consistent administrative support and teacher training. Besides moving away from
lecture-based classrooms, schools began to move toward standards based education.
Flynn, Lawrenz, and Schultz (2005) described the convergence of the efforts to reduce
traditional delivery methods with a new push toward block scheduling and the emergence
of national standards in mathematics. They reported that the shift to block scheduling had
potential for an alteration of classroom practice but their study concluded that “simply
changing the structure of the school schedule cannot act as the sole catalyst for
instructional change. Teachers in the block-schedule settings may need to be provided
with ongoing professional development to optimize the benefits of the extended period
schedule” (Flynn et al., 2005, p. 18).

Additional rationales for schedule changes included the opportunity for teachers
to re-evaluate their pedagogy, the additional number of courses a secondary student could
take per year, less time spent on roll call and other paper work, and the reduced time
students spent passing in the hallways because of fewer class changes per day (Deuel,
1999; Lewis, Dugan, Winokur, & Cobb, 2005). Educators viewed these organizational

structural changes as additional benefits along with the perceived academic advantages
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afforded to students through the shift to block schedules in many schools. However, some
educators questioned the touted advantages of the new schedules. In the aptly titled Block
Scheduling and Advanced Placement Mathematics: When Tradition and Reform Collide,
Howard (1997) reported that mathematics and science teachers complained that they
were forced to reduce the number of concepts covered in class because the longer class
periods did not compensate for fewer days in class. In particular, the timing of an A.P.
course that ends in December with the A.P. test itself, which occurs in May, was seen as
problematic. Other concerns emerged with the trimester and block schedule including
increases in class size, the difficulties of daily pacing, the reduction of total hours for a
course in the entire school year, and concerns about students’ ability to stay on task for
90 minutes. Studies focused on whether or not block or trimester schedules improved the
learning atmosphere in the classroom and the school, favorably altered teaching methods,
or most importantly, could be connected to student learning (Arnold, 2002; Canady &
Rettig, 1993; Flynn et al., 2005). This literature review will not attempt to describe the
broad range of this research but will instead focus more specifically on the relationship
between mathematics classroom schedules and algebra. Mathematics classes have been
taught with the traditional school schedule for many years and algebra has been a part of

the mathematics curriculum for hundreds of years.

Role of Algebra in the School Curriculum

Formal education has included mathematics as part of the curriculum ever since

schools were organized. In the curriculum, the practical uses of arithmetic and geometry
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have been counterbalanced with the purely theoretical study of mathematical thought.
Algebra, the symbolic system of equations, polynomials, exponents and functions, was
introduced to Western nations in the early 13" century by Fibonacci after his travels
through middle-Eastern Arabic regions. Today, schools operate on a general agreement
that all students in the United States should learn algebra by the end of high school (Bass,
2005). The distinctions between arithmetic and algebra are not always agreed upon.
Practitioners may find differences in approaches to instruction and use of symbols, but
mathematics researchers identify many aspects of algebra in the typical arithmetic
curriculum (Carraher & Schliemann, 2007). In the traditional school schedule, algebra is
taught every day for the entire secondary school year.

While the presence of algebra in the school curriculum has not changed, the
research methods and theoretical frameworks to determine if and how students learn have
changed often in the past hundred years. When examining student learning of algebra, the
Piagetian lens of cognitive development prevailed in the 1960s and 1970s, which was
followed by a focus on skills-based behaviorism (Kieran, 2007). An awareness of the
universality of algebra in the United States caused an upsurge in the research on the
teaching of algebra in the context of the socio-cultural framework; if Algebra for All, as
promoted by NCTM (National Council of Teachers of Mathematics, 2008), was to be
taken seriously, then the methods of instruction and the means of learning algebra needed
to be examined in the context of the setting of particular schools. Increased research
focus on algebra prompted researchers to examine the schedule under which students

learn algebra because it is one of the contextual factors. Typically schools operate within
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either a block schedule or a traditional schedule.

Research on Classroom Schedules, Mathematics, and Algebra |

Educational studies measure a wide variety of factors, and the studies measuring
success or nonsuccess of different scheduling models in the mathematics classroom are
no exception. A shift in schools’ schedule type led to a change in teacher attitude and
practice which, in turn, frequently led to a change in student achievement. Studies of
different schedules have focused on teacher satisfaction (Howard, 1997), the amount of
time teachers used different strategies (Deuel, 1999), changes of self-efficacy of students
(Biesinger et al., 2008), changes of GPA in the school (Trenta & Newman, 2002), and
changes of student test scores (Ellis, 2004; Hancock, Mattox, & Queen, 2005; Lewis et
al., 2005). The findings of these studies are discussed in the sections that follow. This
body of research does not have a common metric so close examination is required to
discern what is being measured and how it is measured to help determine what type and

degree of success, if any, has been achieved.

Teacher Attitudes and Practice

When changing schedules, teacher training can have a positive impact on teacher
efficacy and student behavior and learning within the school (Veal & Flinders, 2001).
When teachers’ attitudes and practices are studied in regard to schedule type, the results
are another data point to consider. Veal and Flinders investigated the impact of a 4 x 4
block schedule on one group of teachers compared with another group of teachers who

remained with the traditional schedule, and a third group who taught on a hybrid of the
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two. In a large midwestern high school four measures of change were monitored and
studied: methods of teaching, opportunities for teacher reflection, student-teacher rapport,
and levels of teacher anxiety. The teachers had not been randomly assigned to each
schedule type; assignment was voluntary (N = 77). The data were collected with a Likert
scale questionnaire administered twice during the school year. In terms of methods of
teaching, 45% from the block schedule and 42% from the hybrid groups agreed that they
had made significant changes in their teaching methods for that one school year
compared with 24% of the teachers teaching on the traditional schedule. This
demonstrates the influence that schedule type can have on instructional methods. All
three teacher groups were split (improved, reduced, stayed the same) concerning any
differences in student-teacher rapport. As might be expected, the teachers with the hybrid
and block schedules reported more anxiety than those on the traditional schedule because
significant educational setting changes tend to create anxiety about new expectations and
activities (Veal & Flinders, 2001). While reviewing similar studies, Gullatt (2006) noted
nearly equal numbers of positive results and negative results: with the successes generally
related to the opportunities for teachers to implement a variety of classroom methods,
opportunities for students to take more elective courses, and the opportunity for students
to repeat failed classes without attending after school or summer school programs and the
negatives included inadequate preparation for advanced placement examinations (4x4
block), difficulties of students to retain mathematical knowledge for seven months (4x4
block), and inadequate teacher preparation in time management leading to teachers’

difficulty in “covering” all required mathematical topics.
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Researchers in North Carolina examined teacher attitudes and practices under
various schedule conditions and with all secondary subject matters (Jenkins et al., 2002).
A sample of 2,167 teachers answered questionnaires about various instructional practices
and how those practices related to the type of schedule that was used in their particular
school. The authors concluded, “Our findings suggest that these approaches are not
embraced differently for teachers in schools with block or traditional scheduling models”
(Jenkins et al., 2002, p. 201), and they questioned the use of different schedules if the
teaching preparation and practice did not differ. This demonstrates that the schedule may
not influence instruction.

As school districts consider various methods to improve schools and student
performance, they can base their deliberations upon a growing body of evidence. A study
in Florida compared the impact of the 4 x 4 block schedule and the traditional schedule
on academic achievement, student behavior, and staff perceptions of more than 50,000
secondary students in all subject matters (Deuel, 1999). The study took measurements
after the second year of the block schedule’s implementation so that benefits would tend
to be established and not reflect transitory effects limited to the first year of
implementation. Among the findings was that 75% of the teachers indicated the longer
block periods increased individualized attention for students and 84% of the block
teachers were able to experiment with new teaching methods, which demonstrates the

influence of implementation of the block schedule on teacher practice.

Student Behaviors

A change in school schedule types, either from traditional to block or from block
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to traditional, generates an impact on students. The students, along with the teachers, are
required to adjust to different classroom time lengths, homework assignment time
lengths, and a shift in teaching methods. Flynn and colleagues (2005) investigated
differences in eighth-grade mathematics students’ engagement in standards-based
curriculum and instruction practices between block and traditional schedule schools. The
study examined the characteristics and classroom practices of 62 middle-level schools in
three states: Louisiana, Illinois, and Colorado. Seventeen different classroom activities
were measured, primarily, by completion of a survey by the classroom teachers. Among
the measured items were percent of time working on “real world problems,” participation
in student-led discussions, and formal student presentations in class; all these activities
had been touted as advantages of a block schedule compared to the traditional schedule.
However, Flynn and colleagues (2005) concluded:

The results also support [other] research showing that, although teachers in block-
schedule schools are provided with more time per class period for instruction, it
does not appear that they are using that time to vary instructional practices
compared to traditional-schedule teachers. Simply changing the structure of the
school schedule cannot act as a catalyst for instructional change. (p.15)
This demonstrates that anticipated changes in students’ mathematics activities did not
occur because of the influence of a change to the block schedule. In contrast, Biesinger
and colleagues (2008) used a mixed method quasiexperimental design to understand the
impact of an alternative block schedule on students’ self-efficacy, attitude, and classroom
practice in mathematics. To gauge changes in attitude, the 242 participants in the study

from four different high schools, including the control group, responded to the Fennema-

Sherman Attitude Scale before and after switching from a traditional schedule to a block
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A/B schedule in comparison with a group of students whose school had remained in the
traditional schedule. A statistical analysis suggested that the implementation of the block
A/B schedule resulted in significant changes (p <.012) in student positive attitudes
toward themselves and mathematics, although the effect size was small (Biesinger et al.,
2008). The authors did acknowledge that further study after more time had elapsed would
be needed. A Florida study (Deuel, 1999) of 50,000 students in 24 secondary schools
compared three types of problematic student behavior: mean daily attendance, internal
suspension rate, and external suspension rate. Results showed no difference between the
block students and the traditional students; this demonstrates that some suspected benefits

of transition to the block schedule were not evident in the Deuel study.

Student Achievement

Many states and school districts have switched from the more traditional schedule
to the block schedule and researchers have measured the results of these changes in terms
of student achievement. Studies have used an array of measures to compare traditional
school schedules and block or hybrid schedules but the main question should be: did the
students learn more? That question depends upon what is being measured as learning. A
meta-analysis of studies devoted to impacts of block schedules on classroom practices
and student learning conducted by Zepeda and Mayers (2006) reported very mixed
results; when comparing twelve studies that had reputed to measure the influences of
block or traditional schedules on student success, the results were somewhat inconsistent.
From the analysis of several studies, three studies (Arnold, 2002; Cobb, Abate, & Baker,

1999; Wronkovich, Hess, & Robinson, 1997) reported lower mathematics achievement
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for block students compared to traditional students, two studies (Gruber & Onwuegbuzie,
2001; Lawrence & McPherson, 2000) reported block-scheduled students outperformed
traditional-scheduled students in four core academic areas and Spencer and Lowe (1994)
reported traditional scheduled students scored higher in English.

Table 2 organizes some of the studies discussed in the literature review and
indicates mixed results in student achievement, student self-efficacy, and teacher practice

in terms of a more valuable schedule type.

Table 2

Summary of Research of Differences by Schedule Type

Author(s) Subject/measure Difference Block or traditional

Lawrence & McPherson N. Carolina State test M =54.20 trad. Trad. students

(2000) Algebra 1 M = 48.22 block scored higher

Lewis et al. (2005) Colorado students Block A/B =20.34 No significant
ACT test Block 4x4 = 20.58 difference

Trad. = 20.36

Trenta & Newman (2002)  Ohio Proficiency “Positive trend” Block students
Scores (9" grade) higher

Trenta & Newman (2002) Ohio ACT scores “Positive trend” Block students

higher

Ellis (2004) N. Carolina biology Biology = “no difference”  No difference
end-of-level;

Ellis (2004) Algebra 1 end-of- Algebra 1 = “sign. Block students
level; 4 N. Carolina difference 4x4 block vs. higher
schools trad.

Zepeda & Mayers meta- Several mathematics Trad. Students

analysis: Arnold, (2002);  measures scored higher

Cobb et al. (1999);
Wronkovich et al. (1997)

Jenkins et al. (2002) Teacher practice “No differences” between  No difference
changes with block and trad. schedule
schedule shifts teachers practice

Biesinger et al. (2008) Algebra students’ M =2.32 trad. Block students

overall self-efficacy M =5.45 A/B block scored higher
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Lawrence and McPherson (2000) defined learning as a score on North Carolina
state tests. The results surprised the authors; students scored higher on the Algebra | state
test with the traditional schedule (M = 54.20) compared to the block schedule (M =
48.22). In addition, students scored higher on the traditional schedule on three other state
tests: biology, English 1, and U.S. history. These results demonstrate that the introduction
of the block and hybrid schedules did not have a positive influence on state test scores.
Trenta and Newman (2002) analyzed the data from a study that compared block or
traditional schedules in relation to the Ohio proficiency tests for ninth graders, ACT
scores and attendance. They concluded that a positive trend was evident in the academic
areas for all four subject matters of the proficiency test and there was “reason to say there
is support for the inference of “an influence’ on academic success” (Trenta & Newman,
2002, p. 58) after the introduction of the block schedule in the studied schools.

One way researchers have measured academic achievement is by comparing
results on standardized tests. In a comparison of ACT mathematics scores in three
Colorado high schools with three different schedule types, the students whose school had
a traditional schedule (N = 1,684) had a mean ACT score of 20.36, the students whose
school had a block A/B schedule (N = 1,669) had a mean score of 20.34; and the students
whose school had a 4 x 4 block schedule (N = 1,821) had a mean score of 20.58 (Lewis et
al., 2005). These scores indicate that the differences were small for the ACT scores, only
those students on a 4x4 block mathematics schedule having a positive effect size of d =
0.19 (Lewis et al., 2005). Using a different assessment tool, Massachusetts administers

mandated State assessment in mathematics and language arts, the Massachusetts
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Comprehensive Assessment System (MCAS). Forman (2009) reported the results from
the same high school when it was using the traditional schedule and then three years after
that high school had changed to a 4 x 4 block schedule. The mathematics pass rate was
64.0 % for those students (n = 146) on the traditional schedule and 85.6 % (n = 236) for
those who were on the block schedule. The rather large increase in the percentage of
students who passed the MCAS mathematics test, a 21.6 % increase; three questions
arose while examining the study and its data: why did the passing rate have a mean value
listed (should it not have just been a percent who pass?), why did that listed mean of
64.4% have a standard deviation of 0, and why did the n increase so much in the same
school in 2 years? These concerns with methodology and data analysis cast doubt on
these findings, especially when viewed in light of the other studies reviewed here that
show little or no impact on achievement under different schedule conditions.

Additional scores on state benchmark mathematics tests have been compared
under different school schedule conditions. A study in North Carolina compared test
results for students in four different high schools in the Cumberland County School
System (Ellis, 2004). End-of-course tests in Algebra | and biology were compared for
students on the traditional schedule and students on the 4 x 4 block schedule. Results
were disaggregated in terms of gender, minority or non-minority. At the end of 2 years,
there was no statistical difference for the biology scores, but “there was a significant
difference in student achievement for all students, minority, non-minority, female, and
male in Algebra | on the 4 x 4 schedule versus all students, minority, non-minority,

female, and male in Algebra | on the traditional schedule” (Ellis, 2004, p. 2), indicating
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that Algebra | students on the 4x4 block scheduled scored higher on the end-of-course

test than those students on the traditional schedule.

Summary

Although an abundance of studies has examined student learning, student self-
efficacy, teacher satisfaction, and student achievement, the dissimilar variables used in
the methods and different perspectives to assess the results make a clear cut conclusion
problematic. There remains a need to study student achievement when algebra is taught
on different schedules, on a wide scale, with a common metric of achievement. The
results have the potential to drive educational decisions about which schedule type is
more effective. When a school changes from one schedule type to another, the first step
to improved student learning is the ability and willingness of teachers to change their
practice, followed by students’ shift of behaviors in regard to the new schedule, with the
desired final result being increased student achievement. A schedule change alone does
not appear to create significant, positive results, “because there are so few differences
between the block and traditional schedule” (Flynn et al., 2005, p. 21) without significant
change in teacher pedagogy (Jenkins et al., 2002). The traditional class length schedule
and the various block schedules have their individual advantages. Teachers’ abilities and
efforts are the major force behind successful classrooms. When schedules change, it may
allow teachers to expand the repertoire of methods they bring to their work (Veal &
Flinders, 2001). By only using the variable of schedule type difference in a study, other

factors that may create success remain more statistically neutral. Current research has
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introduced compliance to NCLB requirements as a new factor within schools that could
complicate the study of the effectiveness of the traditional and block schedules with the
added pressure of adequate yearly progress. Replicating previous study results is difficult
as implementation methods and teacher training appear to be focused on NCLB
requirements and vary by school site (Biesinger et al., 2008).

Because researchers have used a wide ranges of measures, an analysis of the
block schedule remains inconclusive (Zepeda & Mayers, 2006). Many claims have been
made about traditional, trimester, and block schedules and because many districts have
adopted new schedules “it behooves practitioners and scholars to continue inquiry”
(Zepeda & Mayers, 2006, p. 160). Educational change for change itself is rarely
successful. Previous studies of secondary school schedule types suggest varying rates of
success in the algebra classroom by using a variety of measures. Installing a different
schedule in a district or school may only result in a different bell schedule unless issues
concerning teacher preparation are addressed and quality research is conducted. This
proposed study will assess one measure of student learning using a valid and reliable

measure, Utah’s algebra CRT scores, and examine its relationship to classroom schedule

type.
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CHAPTER Il

METHODS

Overview of the Methods

This chapter discusses the methods which were used to compare various school
schedule types in relation to Utah’s Algebra | CRT. Student achievement is derived from
a myriad of factors; test scores are just one measure of student achievement. The different
schedules in which a student is taught may influence the practice of the teacher within
each schedule type. However, it is also true that teachers use many different instructional
methods within a single schedule type. Students’ ability to learn with different time
constraints and to adjust to varied instruction may influence student learning. Changes in
schedule types may impact teacher practice, student classroom learning behaviors, and
various measures of student learning. This study examined differences in algebra CRT
scores in relation to schedule type and grade level. An important factor was to isolate the
type of schedule in which students were taught and compare these schedule types with
Utah’s algebra CRT scores. State and district administrators have decision making power
in regard to selection and authorization of schedule types in public schools. This study
provided data which suggested which schedule type, for different grade levels, yields
higher scores on a NCLB required CRT. The research methods were quantitative and
used statistical analysis of preexisting descriptive state-level data. For this study a
multinomial logistic regression model was used to conduct the data analysis of Utah

students’ Algebra I CRT scores as influenced by schedule type and grade level.
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Research Questions

The following research questions guided this study.

1. What is the relationship between mathematics instructional schedule type and
student scores on Utah’s CRT for algebra, for all students?

2. What is the relationship between mathematics instructional schedule type and

student scores on Utah’s CRT for algebra, by individual grade levels?

Research Design

The multinomial logistic regression design for this study allowed an analysis that
was both powerful and multifaceted for a large data set. The research questions entailed
using two categorical independent variables: schedule type, and grade level. The
dependent variable was an ordinal and categorical measure of students” CRT scores.
There were several possible design methods considered for the analysis of the study. A t
test is effective in comparing one set of means or percentages to another set of means or
percentages when the variance of the populations are unknown. However, the dependent
variable for the set of available data for the CRT scores was not continuous. The Utah
CRT scores were reported as “1 (minimal), 2 (partial), 3 (sufficient), or 4 (substantial)”
and were neither based on an interval scale nor continuous. An ANOVA design was also
considered, but the lack of a continuous dependent variable prohibited the use of
ANOVA, and ANOVA could not address the questions of this study. A linear mixed
models design was considered, but rejected, because the linear mixed model requires the

data to be normally distributed. The CRT scores (1, 2, 3, 4) did not have a normal
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distribution. Also, in a linear mixed model “the dependent variable is assumed to be a
normally distributed quantitative variable which is linearly related to the fixed and
random factors and covariates in the model. Do not use a multinomial variable [in a linear
mixed model] as a dependent” (Garson, 2011, p. 19). Considering the issues with the
dependent variable, the multinomial logistic regression model was selected because it
was the best fit for the data in this study. Typical logistic regression is used on a
dichotomous outcome, but this study’s dependent variable had four levels. Therefore, a
specialized version of the logistic regression model, multinomial (also known as
polychotomous or polyomous) logistic regression was selected as the most appropriate
statistical method for this study. From the statistical results of the multinomial logistic
regression further analyses was conducted using independent samples t tests for

percentages.

Logistic Regression

Logistic regression is used to measure the relationship between independent and
dependent variables. Regression methods such as linear, logistic, and ordinal regression
are useful tools to analyze the relationship between multiple explanatory variables and
student results (Chen & Hughes, 2004; Thomas & Galamos, 2004). Logistic regression
(also referred to as a logit model) can be used to predict a categorical dependent variable
on the basis of continuous and/or categorical independents, to rank the relative
importance of independents, and to assess interaction effects. Regression is commonly
used to suggest factors in student learning. “Logistic and Cox regression methods are

practical tools used to model relationships between certain student learning outcomes and
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their relevant explanatory variables” (Chen, 2005, p. 17). The impact of independent
variables on the dependent variable(s) is usually explained in terms of odds ratios
(Garson, 2011). Odds ratios are defined as the ratio of the predicted probability of an
event to the predicted probability of not being the event (Cohen, Cohen, West, & Aiken,
2003). For example, the ratio of the number of Utah families who have children living at
home to the number of Utah families who do not have children living at home can be
expressed as a ratio. The ratio is frequently put into a decimal form. Importantly, the
dependent variable is non-continuous. If two dependent variable classes are present, the
binary logistic regression model is used (e.g., teenager/not teenager). If more than two
dependent variables classes are present then a multinomial logistic model should be

employed.

Multinomial Logistic Regression

Multinomial logistic regression is used to handle the case of dependent variables
with more than two levels. In this study there were two independent variables and each of
these had individual categories. For example, grade level included all grades from
seventh through twelfth, and schedule type had four types of schedules. In addition,
binomial and multinomial logistic regression supports only a single dependent variable.
For multinomial logistic regression, there may be two or more categories but the
dependent variable is never a continuous variable (Chen & Hughes, 2004). The
dependent variable in this study (student CRT scores) were not continuous, had four
categories and, therefore, warranted the use of the multinomial logistic regression design

method.
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Variables Used and Assumptions

For this study the independent variables, schedule type and grade level, were
categorical. Schedule type was separated into A/B block schedule, traditional schedule
and two types of trimester schedules. Grade level included all grades from 7" grade
through 12" grade. The dependent variable was CRT score on Utah’s Algebra | test. This
variable was ordered and categorical. The reported scores, based on USOE policy, were 1
(minimal), 2 (partial), 3 (sufficient), or 4 (substantial). In addition, the USOE directed
this researcher to exclude any scores from the data that came from a school which
reported 10 or fewer scores. The thought was that, in consideration to the Family
Educational Rights and Privacy Act (FERPA), too few a number of scores from an
individual school could possibly lead to identification of individual students.

My assumptions for the data were that more than one schedule type existed and
that reported CRT algebra scores contained more than one hundred students for each
grade level. Another assumption was that grade level for students who take the algebra
CRT would not have equal sample sizes; this assumption was correct. Many more 7 and
8" graders took the CRT test than 11" or 12" graders. Another assumption was that
proficiency scores on the CRT would not have equal sample sizes, and this assumption
was also correct. After the data were collected the underlying assumptions were
addressed through analysis of normalcy using the software called Statistical Package for
the Social Sciences (SPSS; also referred to in the literature as PAWS 18 or SPSS-IBM).
The assumed nonnormalcy of the data was correct, so multinomial logistic regression

design was used for analysis of the data.



34
For this study, the questions required the use of data from the USOE. The data
were collected, organized, and transmitted in a specific manner by the USOE. After
examining the data a multinomial logistic regression model was considered and used

because of the questions asked and the data available.

Participants and Setting

The participants in this study were 46,291 public school students in Utah who had
taken the Algebra | CRT. All students had taken the exact same Algebra | test during the
same time frame—May 1* through June 1%, 2011. The students came from almost every
school district in Utah. Table 3 shows the distribution of Utah’s schools and students by

demographic categories.

Table 3

Utah Student Demographics

School categories # of students
Utah public schools 899
Number of students 491,206
Utah elementary schools 501
Utah middle schools 142
Utah high schools 187
Number of male students 252,342
Number of female students 237,680
Asian-Pacific Islander students 14,256
American Indian-Alaskan students 7,569
Black students 5,457
Hispanic students 54,078
White (non-Hispanic) students 408,662

Source: Utah Public School Directory (USOE, 2011b).
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Students Excluded from This Study

There were five groups of students who did not have their scores included in the
data analysis for this study. The first exception was the 23 sixth-grade students in Utah
who took the Algebra | CRT. This was deemed too small a sample for the grade level to
be meaningful. The second type of exception were those students who were in the Youth
in Custody program of Utah. Twenty-four school districts have Youth in Custody
programs for those youth who have been arrested and are, or were, in the custody of the
State. These schools have a different purpose and perspective than the other middle
schools or high schools in their district and the students have too many extenuating
circumstances which caused them to be excluded from the data set for this study. All
students are different from one another in many ways, but the reasons for being in a
Youth in Custody school, and the setting and operation of those schools, make their
inclusion in this study unwarranted. The third exception for inclusion in the study were
those students enrolled in an alternative high school. Alternative high schools are within
the geographic boundaries of a school district but do not necessarily have the same
guidelines, purpose, and mathematics programs. Students in alternative high schools are
enrolled for a variety of reasons: habitual nonattendance at their regular high school,
pregnancy, being a member of the Youth in Custody program, dropping out of traditional
public school, having multiple failing grades in the regular high school, or having been in
violation of the safe schools policy. There were approximately 324 students from
alternative schools who took the Algebra | CRT that were not included in this study.

Utah’s alternative high schools provide a valuable service for their students and many
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notable successes have occurred for those students. Data from these schools’ algebra
CRT were excluded from this study because of the difference of these students’
circumstances and educational history compared to the majority of the algebra students in
the state.

The fourth exception was students in a Utah charter school. The charter schools
are part of the public school system and are under the guidance of a state agency but do
not belong to any particular school district. Each charter school has its own separate
charter, or purpose, and the comparison to public schools in separate school districts, in
this study, would have introduced another variable with unclear parameters. Charter
schools have only recently had their Algebra | CRT scores placed into the USOE
databank and their baseline scores are new. In addition, six of the charter schools
operating in 2011 had 10 or fewer students take the CRT and their inclusion would
violate the conditions of the use of the USOE data. The number of charter school students
who were excluded was 3,258 for the two above-mentioned reasons. A study of the
comparison of charter schools CRT scores to district CRT scores would be a useful study
in the future. The fifth exception was the exclusion of students from schools whose
number of students was deemed too small to be a relevant sample size or would violate
the FERPA concerns of the USOE. The Tintic District, a very rural district, had a total of
17 students in all grades in the entire school district who took the CRT. The Rich School
District, another rural district, had a total of 30 students take the CRT across five grade
levels. For example, Harris Intermediate School in the Box Elder District had only one

student take the CRT, and was, therefore, not included in the data set.
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In total, the removal of these five types of schools and grades accounted for less
than 10 percent of the students who took the algebra CRT in Utah at the end of the 2010-

2011 school year.

Data Sources

There were two primary sources of data used in this study: Algebra | proficiency
scores and Algebra I classroom schedule types for most of Utah’s secondary schools. The
Algebra I proficiency scores used for this study came from the databank collected and
stored by USOE at the end of the 2010-2011 school year. Some students took the test in
their individual classrooms using the State’s paper version of the test by marking an
electronically scored sheet (Scantron) and other students took the test online. The test
items for the paper-and-pencil test and for the online test were identical. Data were
gathered with assistance and permission from the USOE data miner, Aaron Brough (see
Appendix B). These data were not in the form of raw scores for each of the Utah students
who took the CRT but were instead in the form of a proficiency score breakdown for all
algebra students in each grade level in each school (see Appendix C). Table 4 shows the
flow from a student’s raw score on the Algebra | CRT to their reported proficiency score.
A raw score for the CRT was the number of correct responses for the 70-item test. The
proficiency score was a scaled score assigned by the USOE. The proficiency scores
changed the raw score to an ordinal score from 1 to 4. The data obtained for all Utah
algebra students, with the method of display of the original data, were determined by

USOE policy.
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Table 4

2010-2011 Algebra CRT Scoring Classifications

Raw score Proficiency  Proficiency score
(based on 70-question test) Scale score score name

0-32 0-150 1 Minimal

33-37 151-159 2 Partial

38-47 160-167 3 Sufficient
48-above 168-above 4 Substantial

Source: USOE (2011a)

Individual schools in individual school districts throughout the state have different
schedule types and the USOE did not have a continuous, accurate record of the schedule
type for individual schools. The schedule types were therefore obtained by contacting the
individual school districts and, in some cases, individual schools within the 39 school

districts used in this study.

Data Collection and Organization Procedures

Before any data collection took place, permission to actually obtain data and
conduct the research study was obtained from the Institutional Review Board of Utah
State University (IRB), and permission was obtained to use State CRT data from the
USOE. The IRB approval was granted as a Certificate of Exception, meaning that the
data were from existing data and not connected directly to identifiable students (see
Appendix A). Permission to use USOE CRT data was granted (see Appendix B). The
individual schedule types in Utah schools, were public record, but had to be obtained by

contacting each individual school district and requesting the schedule type information.
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The remainder of this section describes the data collection procedures that took
place in order to complete the study. The Utah State Office of Education makes Algebra |
CRT results available to the public, but acquiring the data in a useable format for the
analysis required the assistance of the State Office’s data miner. A written request to the
data miner in the USOE resulted in receiving the formal application for receiving data.
After several e-mails and phone conversations the desired data and their specific
organization were determined. The data for the 2010-2011 school year were organized by
the USOE on an Excel spreadsheet by schools, grade levels, number of students, and
CRT results as proficiency levels (see Table 5).

In this sample, row two indicates the school was School A, the grade is 10", 51
students took the Algebra | CRT, 11 students scored a 1, 19 students scored a 2, 12
students scored a 3, and 9 students scored a 4 on the Proficiency Levels scale. Of the 51
students who took the test, 41% scored a 3 or 4, which indicates “proficiency” (or
passing) on this test. The spreadsheet from the USOE contained nine columns and 1,182

rows; 14 pages when printed.

Table 5

Sample of Data Received from USOE

Number of Proficiency levels % of
School Grade students 1 2 3 4 Proficiency
School A 10 51 11 19 12 9 41
11 20 7 11 2 0 10
12 11 2 4 2 3 45
School B 07 68 0 0 18 50 100
08 320 0 32 134 154 90
09 134 3 32 63 36 74

Source: USOE (2012).
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The data were received in an Excel file, as shown in Table 5. The data required
considerable cleaning to be useful, answer the research questions, and be both readable
and measurable by SPSS, the statistics software used for this study. Table 5 was arranged
in a new spreadsheet, removing the “number of students” column from the original data
set because SPSS would be able to self-generate that sum. Also excluded was the “% of
Proficiency” column because that information was not relevant to the research questions.
The next step in cleaning the data was to examine the 300+ schools in the data and
determine if the number of students was fewer than 10 in order to maintain FERPA
guidelines. Some of the schools were eliminated from the spreadsheet during this process
because of their status as alternative schools (e.g., “LIGHTHOUSE LRN CTR [ALT]” in
Carbon District). However, many alternative schools were unidentifiable by name and
were removed from the data after districts and schools were contacted. The SPSS
software requires that no data cells be blank. Some cells in the USOE data were blank
cells that were meant to mean: no student in seventh grade scored a 2 on the CRT at
School B. Each of the blanks had to be replaced with a “0.” The most problematic issue
with the original data spreadsheet format was that the proficiency scores of 1-4 were in
rows but SPSS reads/analyzes a separate variable (CRT score) as a column. So each of
the CRT scores from the rows had to be transposed into parts of a variable column named
CRT score (see Table 6).

Table 6 presents School A with 10™-12" grades but the CRT scores of 1-4 are
now vertical, not horizontal, and one row of 10" graders became four rows. Overall, the

number of rows on the cleaned spreadsheet totaled 2,679.
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Table 6

Sample of Cleaned Data in Excel

School Grade CRT score  Frequency

School A 10 1 11
10 2 19
10 3 12
10 4 9
11 1 7
11 2 11
11 3 2
11 4 0
12 1 2
12 2 4
12 3 2
12 4 3

The data for schedule type for each school were collected by contacting each
school district or school. Direct phone calls proved to be much more successful than
emails. | started by calling each district office to determine if a curriculum, mathematics,
or instructional specialist knew, for sure, the schedules types in a particular district. In
smaller districts (e.g., Beaver, Millard) talking with one district person was sufficient to
determine the schedule type for the district’s algebra classes. Care was taken in indicating
that the requested data were for the 2010-2011 school year and not the year in which the
phone call was made. In many districts the district personnel did not know what the
algebra schedules were for each school. For example, in one district, after being told by a
district curriculum director “but | think some of the schools are different,” all 25 different
secondary schools were contacted individually by phone. In this district some Junior
High Schools were on the A/B Block schedule and some of the Junior High Schools were

on the traditional schedule.
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In addition to determining if a school used a particular schedule it was also

necessary to determine each school’s grading schedule. For example, if a secondary
school used the four quarters/two semester grading schedule then a traditional or block
schedule was in place. For this study, if a school was on a trimester schedule (three
grading periods per year) the schools were not considered to have a traditional or a block
schedule but one of the types of a trimester schedule. Telephone contact was made with
one high school in regard to the nine students who had Algebra | CRT scores while on
the trimester 3/3. These nine students were the only students in a Utah high school who
were on the trimester 3/3 schedule. The circumstance of this situation was discussed with
school administrator Erica Evans (pseudonym). After many phone calls the schedule was
determined for each school in Utah in which the students took the Algebra I CRT for the
2010-2011 school year. A spreadsheet was created which contained the results of the
Algebra | CRT, a listing of the schools in Utah, which met the study’s criteria, the grade

levels within each of the schools, and the schedule type of each of these schools.

Data Analysis Using SPSS

Data analysis was designed to answer the two major research questions: (1) What
is the relationship between mathematics instructional type and student scores on Utah’s
CRT for algebra, for all students? (2) What is the relationship between mathematics
instructional type and student scores on Utah’s CRT for algebra, by individual grade
levels?

The analysis of the data from the USOE and the school districts was completed
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using the SPSS statistical package. Through the multinomial logistic regression model the
independent variables, schedule types and grade levels, were entered as categorical
variables and were assigned value labels in SPSS. This allowed the independent variable
grade to have separate designations of grades 7, 8, 9, 10, 11, and 12. The CRT
proficiency scores were entered as the dependent variable as CRT score and were
assigned value labels 1, 2, 3, and 4. It was necessary for clarity of the output data to have
each of the CRT scores assigned a set of three dummy variable scores of zero in addition
to the individual scores of 1, 2, 3, and 4 (see Table 7).

To answer the first research question, the independent variable data were grouped
by schedule type for the entire state (all grades) and compared to the dependent variable
of CRT score through a SPSS multinomial logistic regression analysis. To answer the
second research question, an analysis was conducted for each grade level, sorted by
schedule type, and compared to the CRT. For example, there was a statistical comparison
between all Utah seventh graders on the A/B block compared to all Utah seventh graders

on the traditional schedule compared to all students on each of the two types of trimester

Table 7

Sample of SPSS Input

Crt (dummy codes)
School Grade  score Frequency Schedule 1 2 3 4
School A 10 1 11 1 1 0 0 0
10 2 19 1 1 0 0 0
10 3 12 1 1 0 0 0
10 4 9 1 1 0 0 0
School C 8 1 1 3 0 0 1 0
8 2 6 3 0 0 1 0
8 3 38 3 0 0 1 0
8 4 74 3 0 0 1 0
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schedules. The same comparisons were made for every grade. The purpose of this
analysis was to determine the relationship, in terms of CRT scores, between seventh-
grade students taught on the traditional schedule compared to seventh-grade students
taught on the A/B block schedule compared to students taught on each of the two
trimester schedules. By separating the data into grade levels many factors were somewhat
equalized (e.g., number of years of mathematics classes, maturity level, age, and grade
level of students in the same building). A comparison of a 7" grader in an algebra class
and a 10" grader in an algebra class was not made as it would have several confounding
factors. The SPSS input of data for a multinomial logistic regression design entailed the
organization as displayed in Table 7.

Notice that School A has schedule type 1 (A/B Block schedule) and is dummy
coded appropriately and that School C has schedule type 3 (trimester schedule when
students attend algebra class every day all year) and is dummy coded appropriately. Once
the table was created SPSS was used to analyze the data. The SPSS steps were: select
analyze, regression, multinomial, the dependent variable will be CRT score, and the
factors were grade level and schedule type. This analysis kept all grades as one group for
research question one. Subsequent analyses disaggregated the data by individual grade
levels for research question two. A change of schedule type in the mathematics classroom
may result in changes in teacher practice and changes in classroom student behaviors
which are important components in student learning. This study provided data to help
determine if the schedule type itself was related to CRT scores, which is only one

measure of student learning.
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Additional Analyses with Independent
Samples t Tests for Percentages

After the multinomial logistic regression was conducted with SPSS one of the
outputs created was CRT scores for students separated by grade level and by schedule
type. For each grade level the percentage of students who scored at each of the four
different CRT scores 1 to 4 was displayed. For example, the output displayed the
percentage of eighth-grade students who scored a CRT 4 for each of the schedule types.
One important focus of the second research question was to determine the relationship
between CRT scores and schedule type when the students were separated by grade level.
The multinomial logistic regression model analysis established the ratio comparisons of
one schedule type to another. However, these ratios in the study involve many pairs of
ratios with each schedule compared to each grade level compared to each of the four
CRT score designations. The results are statistically strong but too multi-layered to be
accessible to the classroom practitioner. By examining the percentages from each
separate grade level and schedule type, a clearer and more accessible picture of how well
each schedule type compared to each other within the grade level was possible. This
additional statistical analysis was conducted to assist in providing accurate statistics with
an eye towards those who may use this research for positive educational change. For
example, as schools and school district consider ways to improve algebra students’ CRT
scores one aspect of the educational picture which is able to be adjusted is schedule type.
If this research provides clear statistical relationships between CRT scores and schedule
type, which t tests can provide, then schools and school districts may consider the

potential of adjusting schedule types.
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To further compare the relationship between CRT scores and schedule types an
independent samples t test for percent was selected and conducted. Because the SPSS
outputs of the number of students with each CRT score were in percentages the
dependent variable was continuous. The two assumptions to conduct independent
samples t tests are that the samples must be independent observations, which was the case
here, and the population sampled should be normal (Glenberg & Andrzejewski, 2008;
Gravetter & Wallnau, 2005). However, because of the very large sample size “violating
this assumption has little practical effect on the results obtained for a t statistic, especially
when the sample size is relatively large” (Gravetter & Wallnau, 2005, p. 239). So, by
measuring one percent against another, and including the large sample size, a t statistic
was generated which also generated the p value for each comparison.

In order to conduct this analysis | decided to measure the comparisons of the
percentages of student who passed the CRT, not every CRT score from 1 to 4. The State
of Utah considered passing the CRT (a CRT score of 3 or 4) to be the determination if a
school was making adequate yearly progress. This measure created the moniker of
passing or failing schools and carried weight in the evaluation of success for schools and
states under NCLB. By reducing the t tests to a smaller number of comparisons, the
unwieldy aspect of many comparisons was reduced to a much more comprehensible list
which was still statistically robust.

For example, for eighth-grade students, the SPSS multinomial logistic regression
created the following information: A/B schedule passing percentage = 82.7%, traditional

schedule passing percentage = 78.0%, Trimester 3/3 schedule passing percentage



=92.5%. After combining the percentage information with the number of students who
were included in each schedule type percentage, an independent samples t test for
percentages was conducted. The result displayed the differences as statistically
significant, or not, and included the t statistic, the degrees of freedom, and the p value.
Using the t test was a beneficial step in understanding the relationship between CRT
scores and schedule type when the students were separated by grade level. The t test
method, along with the multinomial logistic regression method, went to the heart of the

second research question.
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CHAPTER IV

RESULTS

Overview of Results

The organization and analysis of the data was centered on the two research
questions: (1) What is the relationship between mathematics instructional schedule type
and student scores on Utah’s CRT for algebra, for all students, and (2) What is the
relationship between mathematics instructional schedule type and student scores on
Utah’s CRT for algebra, by individual grades levels? In this chapter the results are
organized and presented. The first part of this chapter presents and discusses the data as
they were compiled and placed into spreadsheets. The next section interprets the
computed data and resultant data displays. A portion of the analysis was based on an
independent samples t test, which was conducted as a comparison of the percentage of
students separated by grade level and schedule type. Tables are used to summarize the
results of the data collection, trends in the data set, and provide a statistical summary of
the data.

In addition to the schedule types described in Chapter 111, two additional schedule

types became evident after the data were collected. The first was the Trimester 3/3
schedule in which the students have the school year divided into three grading periods,
or trimesters. The 3/3 designation indicates that the students attended their algebra class
for all three of the grading periods; which makes that particular schedule similar to a

traditional schedule. The second additional schedule type was the Trimester 2/3, which
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indicates that the school had the grading period divided into three grading periods but
the students only attended their algebra class for two out of the three grading periods.
This research did not further separate the trimester 2/3 schedule into which two of the
three trimesters each student attended. In both of these trimester schedule types the
students attended their algebra class every day. This is unlike a block schedule in which
students attend algebra class every other day. As the individual districts and schools
were contacted by the researcher it became clear that daily algebra attendance was not
the same as a traditional schedule if the school used trimester grading for the school
year. Some phone calls were remade to ensure that the data on each of the schedule
types were categorized correctly. One high school was removed from the data set
because some of the students on their trimester schedule took algebra for two of the
trimesters (2/3 trimester) and some of the students took algebra for all three of the
trimesters (3/3 trimester), and some of the students tested out of the algebra class during
the middle of the third trimester. Although the 4 x 4 block was discussed in the review of
literature for this study, this schedule type was not included in the analysis of data
because no school in Utah which conducted a CRT for Algebra | used that particular
schedule type.

The number of students, by CRT score, schedule type, and grade level are
displayed in Table 8. The table disaggregates the 46,790 students who were participants
in this study.

As was expected before the data were collected, the CRT scores displayed in

Table 8 were not normally distributed. Having the noncontinuous dependent variable not



Table 8

Summary of Cases

Variable N Percentage
CRT score 1. minimal 6,973 14.9
2 partial 11,903 25.4
3 sufficient 13,774 29.4
4 substantial 14,140 30.2
Schedule type  A/B block schedule 23,207 49.6
Traditional schedule 20,478 43.8
Trimester 3/3 2,536 5.4
Trimester 2/3 569 1.2
Grade level Grade 7 3,340 7.1
Grade 8 16,145 34.5
Grade 9 15,008 32.1
Grade 10 9,796 20.9
Grade 11 1,893 4.0
Grade 12 608 1.3
Valid 46,790 100
Missing 0

being normally distributed led to the use of the logistic regression. Having two
independent variables, grade level and schedule type, led to the use the multinomial
logistic regression analysis of the data. The majority of the CRT scores (59.6%) were
either a 3 or 4 and considered a passing score on the Algebra | CRT by the Utah State

Office of Education. The number of students who were taught algebra on the block
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schedule (49.6%) or the traditional schedule (43.8%) was over 90% of the students in the

data set. Recall that the term traditional schedule is only in reference to a schedule type

wherein the students meet every school day in a particular class and is not a reference to



51
the type of instruction or mathematical content from any particular era. All six grade
levels considered for inclusion in this study had some students represented, with 8" grade
(34.5%) being the largest percentage of students and 12" grade having the smallest
percentage of students (1.3%). The data’s organization and analysis was completed so

that all 46,790 students in the study were accounted for in the SPSS output analysis.

Statistical Output and Analysis for Research Question 1

The first research question for this study examined the relationship between
instructional schedule type and students Algebra | CRT scores. To answer this question |
organized the data through SPSS and determined the number and percent of students who
scored each of the 1 to 4 CRT scores who were being instructed on each of the four
Algebra I schedule types. The dependent variable, CRT scores, were categorical and they
were also ordinal. This is important because it meant, for example, that a CRT score of
“3” is higher than a score of “2.” Students with scores of 3 or 4 scored higher on the CRT
than those with scores of 1 or 2. Table 9 displays the ordinal CRT scores separated by the
four schedule types. A study of Table 9 seems to indicate that the trimester 3/3 schedule
was the schedule most related with higher scores. For example, the highest CRT score of
4 was achieved by 49.4% of students who were instructed on a trimester 3/3 schedule;
achieved by 35.5% of students who were instructed on a traditional schedule; achieved by
24.0% of students who were instructed on a A/B block schedule; and achieved by 9.1%
of students who were instructed on a trimester 2/3 schedule. However, the grade level of

those students who were instructed on the trimester 3/3 schedule was primarily in grades



Table 9

Summary of CRT Scores by Schedule for All Algebra Students

Number of students with Percent by
Schedule type each CRT score schedule
AJ/B block 1=5,145 22.2
2=6,648 28.6
3=5,819 25.1
4=15,568 24.0
Total = 23,207 100
Traditional schedule 1=1,511 7.4
2=4,638 22.6
3=17,062 345
4=17,267 35.5
Total = 20,478 100
Trimester 3/3 1=120 4.7
2=361 14.2
3=2802 31.6
4=1,253 49.4
Total =2,536 100
Trimester 2/3 1=197 34.6
2=229 40.2
3=91 16.0
4=52 9.1
Total =569 100
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7, 8, and 9 and those grade levels scored the highest on the CRT. The CRT score of 4 was

achieved by 49.4% (1253 students) on the trimester 3/3 schedule but those students who

scored lowest on the CRT, by grade, were 11" and 12" graders who were not instructed

on the trimester 3/3 schedule. This result points to the importance of interpreting these

data in context.

The SPSS output that addresses statistical significance is shown in Tables 10 and

11. As with all multinomial logistic regression analyses the nominal variables are



Table 10

Multinomial Logistic Regression Model Fitting, Using Schedule Type

Model criteria

Likelihood ratio tests
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Model -2 log likelihood Chi-square df Sig.
Intercept only final 99.739 .000 0
3.717E3 3.617E3 9 .000
Table 11
Multinomial Logistic Regression Using Schedule Type
95% confidence
interval for Exp(B)
Lower Upper
CRT score B Std. error  Sig. Exp(B) bound bound
Partial Intercept 151 097 121
Schedule 1 110 .099 .267 1.116 919 1.355
(A/B Block)
Schedule 2 971 102 .000 2.641 2.164 3.222
(traditional)
Schedule 3 .951 143 .000 2.588 1.954 3.427
(trimester 3/3)
Schedule 4
Sufficient Intercept =772 127 .000
Schedule 1 .895 128 .000 2.448 1.904 3.148
Schedule 2 2.314 130 .000 10.118 7.844 13.051
Schedule 3 2.672 160 .000 14.468 10.571 19.803
Schedule 4
Substantial ~ Intercept -1.332 156 .000
Schedule 1 1411 157 .000 4.100 3.013 5.578
Schedule 2 2.903 158 .000 18.220 13.356 24.856
Schedule 3 3.678 183 .000 39.558 27.643 56.609
Schedule 4

Note. The reference category is 1 minimal
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compared one to another. The CRT scores of 2, 3, and 4 are compared to a CRT score of
1 (the lowest score). By default the schedule types 1, 2, and 3 are compared to schedule
type 4 (the trimester 2/3).

Tablel0 indicates that some of the variation in the dependent variable CRT scores
was influenced by schedule type. The significance of p <.0005 suggests that the
variations in the dependent variable were not caused by chance. The chi-square value of
3,617 (df = 9), is a large value, which suggests that an assumption that each of the CRT
scores for each schedule type would have equal amounts is incorrect.

Table 11 displays the comparison of schedule types 1, 2, and 3 to schedule type 4
when separated by the four possible CRT scores. Included is the B value, Standard Error,
Significance, Exp(B) and the 95% confidence interval.

Table 11 reveals the numerical values of comparison from the logistic regression
model analysis. The values for “B” are an important aspect of the logistic regression
model for this study, as they indicate the comparisons of each of the schedule types to the
same value. The outputs are not compared to a linear model but to a logarithmic model
with the natural log e being the base of the exponential model with its resultant odds
ratios. For example, the B-value for a CRT score of partial with the A/B block schedule
(from Table 11) is .110. That value is the exponent to be attached to the base e in order to
attain the numerator of the ratio; with a CRT score 1 as the denominator (the reference
category). When e is raised to the .110 power the result is 1.116, which can be located in
the same row of the table in the Exp(B) column. The Exp(B) column is very important in

this model as it was an indicator of the relative (ratios) size of one of the independent
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variables to another independent variable in regard to the dependent variable. In Table
11, the Exp(B) column for CRT partial scores in the A/B block schedule has values of
1.116, 2.641, and 2.588; which indicates that the greatest of the three values (2.641)
matches the percent of correct answers from Table 9. By surveying the Exp(B) column it
can be seen how the schedule types compared one to another for each of the listed
schedule types and each of the CRT scores. The value of having this SPSS output in
regard to the first research question was that it showed the relative CRT scores in regard
to schedule type and it has the statistical significance value. Note how the Exp(B) values
fluctuate, meaning the CRT scores for each schedule type also fluctuated. The model was
statistically significant for all variables except the ratio of the A/B block schedule (CRT
partial to minimal ratio) compared to the trimester 2/3 schedule (CRT partial to minimal
ratio). So for fifteen of the sixteen ratios, only one ratio was not statistically significantly
different. Throughout Table 11 the standard errors are small to medium and generally
influenced by the large sample size (Gravetter & Wallnau, 2005).

After the multinomial logistic regression was conducted a portion of the output
listed the proportion of students who scored a CRT 1, 2, 3, or 4 from each of the four
schedule types. Because the number of students was included, as well as the proportion of
student scores, an independent samples t test was conducted to determine if the
differences in the student scores for each schedule type were statistically significant. The
USOE measured passing the Algebra | CRT as scoring a 3 or 4. The t tests measured
those who passed each of the four schedules against all of the other passing scores for

each schedule type—six t tests in all. By utilizing this method an independent samples t
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test was able to measure the continuous variable of percent scores in relation to the four
individual schedule types. Table 9 shows that the students who were taught on the
trimester 3/3 schedule scored the highest, followed by the traditional, A/B block and
trimester 2/3 schedules. The number of student scores in the data set were large (23,207
A/B block, 20,478 traditional) so any percent difference was likely to be statistically
significant. The independent samples t test results found all differences between schedule
types were statistically significant; with the two most common schedules, A/B block and
traditional, having a t statistic of 34.092 and a significance of p <.0005.

A multinomial logistic regression analysis was conducted to determine the
relationship between Utah Algebra | CRT scores and the school schedule types in which
the students were taught. An analysis of 46,790 cases and the test of the full model
against a constant only model was statistically significant, indicating that the predictor
variables, as a group, were reliably distinguished between the four different CRT scores
(chi-square = 3.617 E3, p < .0005 with df = 9). Nagelkirke’s R? of .284 indicated a
moderate relationship between predictors and CRT scores for the entire model. Exp(B)
values ranged from 1.116 to 39.558 when the CRT score of 1 was the reference category.

An independent samples two-tailed t test was conducted between the CRT scores
of the four schedule types. The percentage of students passing the CRT in each schedule
type from highest to lowest were: trimester 3/3 schedule (81% passed), traditional
schedule (70% passed), A/B block schedule (49% passed) and trimester 2/3 schedule
(25% passed). The t-statistic comparisons for adjacent schedule types (greatest to least

scores) were 10.32, 34.09, and 5.71; the significance was p <.0005 in each case. The
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differences in the percentage of students who passed the CRT were statistically

significant.

Statistical Output and Analysis for Research Question 2

The second research question determined the relationship between mathematics
instructional schedule type and student scores on Utah’s CRT for Algebra I, when the
individual grade levels of students were taken into account. In order to answer this
question I organized and analyzed the data using SPSS and a partial analysis using
independent samples t tests for percentages. The analysis of multinomial logistic
regression was completed as an odds ratio which compared one value to another (Garson,
2011). When executing the analysis on SPSS one of the variables must be determined to
be the reference category variable (Chen & Hughes, 2004). In my analysis | chose the
CRT score of 1 (minimal) as the reference category because | wanted to have the highest,
and most common, scores 2-3-4 to be observed scores. This meant that a ratio of a CRT
score of 2 was compared to a 1; a 3 was compared to a 1; and a 4 was compared to a 1.
Each of these comparisons was completed by separate grade levels and by different
schedule types. One table was used for each grade level as this would direct the data
analysis to the second research question, which was determining the relationship between
CRT scores, schedule type and individual grade levels. Table 12 displays the percentage
of students by grade who passed (scored a 3 or 4) on the CRT and the total number of

students per grade.
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Table 12

Percentage of Students Who Passed the CRT by Grade Level

Percentage passing

Grade level (score of 3 or 4) N

Grade 7 95.7 3340
Grade 8 80.7 16,145
Grade 9 52.8 15,008
Grade 10 31.7 9796
Grade 11 24.0 1893
Grade 12 334 608

When only considering grade level, and the percentage of students who passed the
Algebra | CRT, the trend was for a large percent of 7" graders passing and each
subsequent grade having a reduction in the number who passed the CRT, until 12" grade
(see Table 12). Table 12 illustrated why schedule type and CRT scores needed to be
separated by grade level to have meaning. For example, no seventh-, eighth-, or ninth-
grade students were taught Algebra | using the trimester 2/3 schedule. Table 13 displays
the multinomial logistic regression statistical output when grade level was the only
independent variable measured, not schedule type.

Table 13 suggests that some of the variation in the dependent variable CRT scores
was influenced by just grade level. The significance of p <.0005 indicates the variations
in the dependent variable were not caused by chance. The chi-square test, with a large
value of 13,830, suggested that CRT scores by grade level were not equally distributed.
The pseudo R? designation is an acknowledgement that a true R? value does not exist in a
logistic regression model but the typical measure in a logistic regression model which is

most similar to R? is the Nagelkerke value. In the model the Nagelkerke R? was .274,
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Table 13

Multinomial Logistic Regression Model Fitting, Using Grade Level Only

Model criteria Likelihood ratio tests

Model -2 log likelihood Chi-Square df Sig.
Intercept only 143.443 .000

Final 1.398E4 1.383E4 9 000
Pseudo R*: Nagelkerke = .274

which means that 27.4% of the variation in the dependent variable can be explained by
the independent variable grade level (UCLA Statistics, 2007). Considering the chi-square
value and the significance level, just grade level alone is sufficient to explain the

differences in students’ scores on the CRT for Algebra I.

Multinomial Logistic Regression for All Grades

The data were organized and a multinomial logistic regression analysis was
conducted with CRT scores selected as the dependent variable and both schedule type
and grade level selected as independent variables. This allowed an analysis to be
conducted, which revealed the relationship between CRT scores and individual grade
levels with the factor of schedule type included. Table 14 shows the summary of the
Likelihood Ratio Tests provided by the SPSS analysis when both schedule type and grade
level were included.

For Table 14, the independent variables being categorical are compared as ratios.
These tests determined the likelihood that the differences in the comparisons of the ratios
of CRT scores by grade occurred by chance. Table 14 is a measure of student CRT scores

as the dependent variable and grade level (7"-12") and schedule types as the independent
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Table 14

Likelihood Ratio Tests for CRT Scores with Schedule Type and Grade Level

Model Criteria Likelihood ratio tests
-2 log likelihood of
Effect reduced model Chi-Square df Sig.
Intercept 609.960 0
Schedule 1.182E3 571.8 9 .000
Grade level 1.140E4 1.079E4 15 .000
Pseudo R? Nagelkerke = .284

variables. This table suggests that some of the variation in the dependent variable CRT
score ratios was influenced by grade level and by schedule type. In the model the
Nagelkerke R? was .284 which indicated that 28.4% of the variation in the dependent
variable could be explained by the independent variables. The chi-square values and the
significance of p <.0005 suggested that the variations in the dependent variable were not
caused by chance. In other words, either grade level or schedule type was sufficient to
explain the differences in students’ scores on the CRT.

Table 15 reports the Exp(B), standard error and significance levels after the SPSS
multinomial logistic regression analysis was conducted. The values included in Table 15
only included grade level because the inclusion of the values for the schedule type would
have been redundant with the data in Table 11.

Table 15 displays the ratios between CRT scores by grade level. For example, for
a CRT score of 4, substantial, the Exp(B) value was 362.461 for seventh-grade students.
This means a seventh-grade student was 362 times more likely to score a CRT 4 than to

score a CRT 1 (the reference category); an eighth-grade student was 33.636 times more



Table 15

Multinomial Logistic Regression Using Schedule Type and Grade Level

CRT score  Grade B Std error Sig. Exp(B)

2 partial Grade 7 2.013 272 .000 7.486
Grade 8 1.625 113 .000 5.080
Grade 9 .918 .105 .000 2.504
Grade 10 476 .104 .000 1.610
Grade 11 116 114 .000 1.123
Grade 12

3 sufficient Grade 7 3.898 .264 .000 49.320
Grade 8 2.601 121 .000 13.482
Grade 9 1.175 115 .000 3.239
Grade 10 .218 114 .056 1.244
Grade 11 -.281 129 .029 755
Grade 12

4 substantial ~ Grade 7 5.893 271 .000 362.461
Grade 8 3.516 140 .000 33.636
Grade 9 1.196 135 .000 3.307
Grade 10 .033 135 .805 1.034
Grade 11 -.649 .160 .000 .523
Grade 12

Note. The reference categories are: 1 minimal and 12™ grade.

likely to score a CRT 4 than to score a CRT 1. But an 11™-grade student was less likely

(.523 to 1) to score a CRT 4 than a 12™-grade student. This table indicates strong, and
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significant, patterns in the ratios of CRT scores by grade level. The only grade level that

did not have significant differences to the reference grade (12" grade) is 10" grade. The

significance was p = .805 for CRT 4 scores and p = .056 for CRT 3 scores. All the other

grades and CRT scores had p <.0005. The Exp(B) column is particularly insightful

because it shows an equal measure from each grade to each of the other grades. This only

shows the differences by grade level in CRT scores but does not show the differences by

grade level compared to schedule type.
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Individual Grade-Level Comparisons
With Regard to Schedule Type

The analysis of the data through a multinomial logistic regression using SPSS
created separate grade level analyses. By analyzing the data, with CRT scores as the
dependent variable and grade level (with six separate levels) as the independent variable,
the resultant output calculated the number of students from each grade level and each
schedule type with each of the four CRT scores. Table 15 displays all grade levels in
comparison to each other but, starting with Table 16, each grade level is displayed
separately. Table 16 reveals that seventh-grade students were taught on three different
schedule types: A/B block, traditional, and trimester 3/3 schedules. The number of
students, as well as the percentage of students, who scored each of the four CRT scores

was separated by the three schedule types.

Table 16

Comparison of CRT Scores by Schedule Type for Seventh Grade

Schedule type CRT score N Percent
A/B block schedule 1 minimal 7 0.8
N =858

2 partial 41 4.8

3 sufficient 144 16.8

4 substantial 666 77.6
Traditional schedule 1 minimal 11 05
N =2,398

2 partial 86 3.6

3 sufficient 525 21.9

4 substantial 1,776 74.9
Trimester 3/3 1 minimal 0 0
N=84

2 partial 0 0

3 sufficient 10 11.9

4 substantial 74 88.1




63

Table 16 displays the consistent clustering of higher scores (3 or 4) for any of the
schedule types. Note that only 84 students in seventh grade were taught on the trimester
3/3 schedule compared to 858 students in the seventh grade taught on the A/B block
schedule and 2,398 students in the seventh grade who were taught on the traditional
schedule. There were not any seventh-grade students who were taught on the trimester
2/3 schedule who took the Algebra | CRT for the 2010-2011 school year. The question
considered here was whether the differences in scores, when also taking into account the
differences in the number of students in each category, were statistically significant.

Table 17 shows the t test comparisons between schedule types for seventh-grade
students. In order to determine if there was a statistically significant difference between
the CRT scores by schedule type a two-tailed t test for independent samples was
conducted. Because a t test only measures two samples at a time, a total of three tests
were used to measure all differences. In Utah the CRT scores of 3 or 4 are indicators that
a student, or a school, passed the Algebra | CRT. The t tests for these data compared
passing CRT scores of A/B block to traditional, traditional to trimester 3/3, and trimester
3/3 to A/B block. This analysis sought to determine if there were statistically significant
differences between CRT scores when the scores were separated by schedule types and
each grade level had an individual analysis. The values generated were comparisons
between every schedule type used by seventh-grade students and display the t-statistic of
the comparisons and the significance as a p value.

Table 17 helped address the question of whether one schedule type results in

higher CRT scores than another schedule type. For the seventh-grade students the passing
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Table 17

Independent t Tests Comparing Percentages for Seventh Grade for All Schedule Types

Percentage of passing by Schedule types: Comparison

schedule type (score of 3 or 4) of passing scores t statistic Two-tailed significance
A/B Block =94.4 Block to traditional 1.906 .0509
Traditional = 96.0 Block to trimester 3/3 2.226 .0263
Trimester 3/3= 100 Traditional to trimester 3/3 1.869 .0618

percentage was very high for all three schedule types. The only two schedules with a
significant difference were the A/B block schedule and trimester 3/3 (p = .0263), which
suggests that the trimester 3/3 was related to a higher score when compared to the A/B
block. Table 18 compares eighth-grade students” CRT scores for three schedules types, as
with the seventh-grade students, no students were taught in the trimester 2/3 schedule.
Table 18 reveals that eighth-grade students were taught on three different schedule types:
A/B block, traditional, and trimester 3/3 schedules. The number of students, as well as the
percentage of students, who scored each of the four CRT scores was separated by the
three schedule types.

Table 18 shows that the percentages of eighth-grade students who passed the
CRT, by schedule, were trimester 3/3 (92.5%), A/B block (82.7%), and traditional
(78.0%). Compared to seventh-grade students, the percentage of students on the
traditional schedule who passed was 18% lower.

Table 19 shows the t-test comparisons between schedule types for eighth-grade
students. In order to determine if there was a statistically significant difference between

the CRT scores by schedule type a two-tailed t test for independent samples was
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Comparison of CRT Scores by Schedule Type for Eighth Grade

Schedule type CRT score N Percentage
AJB block schedule 1 minimal 202 4.1
N =4,919
2 partial 646 131
3 sufficient 1467 29.8
4 substantial 2604 52.9
Traditional schedule 1 minimal 341 35
N=9,775
2 partial 1812 185
3 sufficient 3673 37.6
4 substantial 3949 40.4
Trimester 3/3 1 minimal 10 0.7
N =1,451
2 partial 98 6.8
3 sufficient 433 29.8
4 substantial 910 62.7
Table 19

Independent t Tests Comparing Percentages for Eighth Grade for All Schedule Types

Percentage of passing by Schedule types: Comparison Two-tailed
schedule type (score of 3 or 4) of passing scores t statistic significance
A/B Block = 82.7 Block to traditional 6.012 .000
Traditional = 78.0 Block to trimester 3/3 8.753 .000
Trimester 3/3=92.5 Traditional to trimester 3/3 12.289 .000

conducted. The values generated were comparisons between every schedule type used by

eighth-grade students and display the t statistic of the comparisons and the significance as

a p value.

Table 19 shows that the percent of eighth-grade students who passed the CRT was

lower than it was for the seventh-grade students. In addition, the difference between the
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percentages of passing was greater. There was a significant difference between each of
the three schedule types (p < .0005) with the greatest percent of passing being the
trimester 3/3 schedule followed by the A/B block and then the traditional schedule.

The ninth-grade students also were only taught Algebra on three different
schedule types: A/B block, traditional, and trimester 3/3 schedules. The percentage of
students passing the CRT, continuing the trend, was lower in ninth grade than the two
previous grade levels. Table 20 compares ninth-grade students’ CRT scores for three
schedules types. As with the seventh- and eighth-grade students, no students were taught
in the trimester 2/3 schedule. The number of students, as well as the percentage of

students, who scored each of the four CRT scores was separated by the three schedule

types.

Table 20

Comparison of CRT Scores by Schedule Type for Ninth Grade

Schedule type CRT score N Percentage
AJB block schedule 1 minimal 1,250 18.4
N =6,799

2 partial 2,150 31.6

3 sufficient 2,116 31.1

4 substantial 1,283 18.9
Traditional schedule 1 minimal 902 12.5
N=7,217

2 partial 2,415 335

3 sufficient 2,566 35.6

4 substantial 1,334 18.5
Trimester 3/3 1 minimal 108 10.9
N =992

2 partial 260 26.2

3 sufficient 356 35.9

4 substantial 268 27.0
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Table 20 shows that the percentages of ninth-grade students who passed the CRT,
by schedule type, were trimester 3/3 (62.9%), traditional (54.1%) and A/B block (50,0%).
Compared to earlier grades the percentage of students passing the CRT was reduced for
every schedule type.

Table 21 shows the t-test comparisons between schedule types for ninth-grade
students. In order to determine if there was a statistically significant difference between
the CRT scores by schedule type a two-tailed t test for independent samples was
conducted. The values generated were comparisons between every schedule type used by
ninth-grade students and display the t-statistic of the comparisons and the significance as
a p value.

Table 21 shows the differences in passing rates was statistically significant (p <
.0005) between each of the three schedule types. Because the number of students
included in the study was large even a difference of four percentage points can be
significant.

Table 22 compares 10™-grade students” CRT scores for all four schedules types.

For the first time a grade level had students taught on the trimester 2/3 schedule.

Table 21

Independent t Tests Comparing Percentages for Ninth Grade for All Schedule Types

Percentage of passing by Schedule types: Comparison Two-tailed
schedule type (score of 3 or 4) of passing scores t statistic significance
A/B Block = 50.1 block to traditional 3.669 .000
Traditional =54.1 block to trimester 3/3 5.883 .000

Trimester 3/3= 62.9 traditional to trimester 3/3 3.871 .000
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Although each of the four studied schedule types occurred for 10"-grade students,

only a total of five 10"-grade students were taught algebra on the trimester 3/3 schedule.

The number of students, as well as the percentage of students, who scored each of the
four CRT scores was separated by the four schedule types.

Table 22 reveals the continuing trend of fewer students passing the CRT as the

grade level increases. For the first time the traditional schedule had the highest percent of

students passing the CRT (47.9%) followed by the A/B block schedule (30.2%) and the

trimester 2/3 schedule (25.9%).

Table 22

Comparison of CRT Scores by Schedule Type for 10" Grade

Schedule type CRT score N Percentage
A/B Block schedule 1 minimal 2,739 32.6
N = 8,404

2 partial 3,125 37.2

3 sufficient 1,705 20.3

4 substantial 835 9.9
Traditional schedule 1 minimal 202 22.1
N =915

2 partial 275 30.1

3 sufficient 255 27.9

4 substantial 183 20.0
Trimester 3/3 1 minimal 1 20.0
N=5

2 partial 1 20.0

3 sufficient 2 40.0

4 substantial 1 20.0
Trimester 2/3 1 minimal 163 34.5
N =472

2 partial 187 39.6

3 sufficient 81 17.2

4 substantial 41 8.7
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Table 23 shows the t-test comparisons between schedule types for 10"-grade
students. In order to determine if there was a statistically significant difference between
the CRT scores by schedule type a two-tailed t test for independent samples was
conducted. The values generated were comparisons between every statistically viable
schedule type used by 10™-grade students and display the t statistic of the comparisons
and the significance as a p value. Because of the small number of students (5) who were
taught Algebra on the trimester 3/3 schedule that group was not included in the t tests of
differences of percentages of passing CRT scores.

Table 23 reveals that the differences in scores were statistically significant
between the block and the traditional, and the traditional and the trimester 2/3 (p < .000),
but not between the block and the trimester 2/3 (p = .312). This indicates that the
difference in passing percentages between the students who took their algebra CRT on
the A/B block schedule and trimester 2/3 schedule had a greater than 5% chance of being
caused by chance. With fewer total students taking the algebra CRT, compared to
previous grades, the percentage differences of passing scores between schedule types

needed to have been greater to have been statistically significant.

Table 23

Independent t Tests Comparing Percentages for 10" Grade for All Schedule Types

Percentage of passing by Schedule types: Comparison Two-tailed
schedule type (score of 3 or 4) of passing scores t statistic significance
AJ/B block = 30.2 Block to traditional 7.287 .000
Traditional = 47.9 Block to trimester 2/3 1.012 312

Trimester 2/3= 25.9 traditional to trimester 2/3 4.340 .000
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The students in the 11" grade (Table 24) represented all four studied schedule
types, but again, the number of student who were taught on the trimester 3/3 was low (4
students). The number of students, as well as the percentage of students, who scored each
of the four CRT scores was separated by the four schedule types.

Table 24 shows the continuing trend that the passing scores on the 11"-grade
CRT were lower than the previous grade levels. The passing percentages, by schedule,
were traditional (42%), A/B block (22.9%), and trimester 2/3 (11.0%). The total number
of students in the 11" grade who took the Algebra | CRT dropped significantly compared

to earlier grade levels (e.g., 8"-grade students = 16,145 and 11"-grade students = 1,893).

Table 24

Comparison of CRT Scores by Schedule Type for 11" Grade

Schedule type CRT score N Percentage
A/B block schedule 1 minimal 741 43.7
N =1,694

2 partial 566 33.4

3 sufficient 272 16.1

4 substantial 115 6.8
Traditional schedule 1 minimal 33 21.7
N =85

2 partial 36 30.3

3 sufficient 35 29.4

4 substantial 15 12.6
Trimester 3/3 1 minimal 1 25.0
N=4

2 partial 2 50.0

3 sufficient 1 25.0

4 substantial 0 0
Trimester 2/3 1 minimal 26 34.2
N=176

2 partial 34 44.7

3 sufficient 8 10.5

4 substantial 8 10.5
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Table 25 displays the t test comparisons between schedule types for 11™-grade
students. In order to determine if there was a statistically significant difference between
the CRT scores by schedule type a two-tailed t test for independent samples was
conducted. The values generated were comparisons between every statistically viable
schedule type used by 11"-grade students and display the t-statistic of the comparisons
and the significance as a p value. Because of the small number of students (four) who
were taught Algebra on the trimester 3/3 schedule that group was not included in the t
tests of differences of percentages of passing CRT scores.

The relatively low number of 11"-grade students who took the Algebra | CRT has
the results of the t test differences displayed in Table 25. The differences were
statistically significant between the block and the traditional (p < .005), and the
traditional and the trimester 2/3 (p <.05), but not between the block and the trimester 2/3
(p = 2.641). The percentage of students passing the algebra CRT again was lower than
previous grades.

Table 26 displays the comparison of CRT scores for 12"-grade students. Three
types of schedules are represented as no 12"-grade students were taught on the trimester

3/3 schedule who also took the Algebra | CRT. The number of students, as well as the

Table 25

Independent t Tests Comparing Percentages for 11th Grade for All Schedule Types

Percentage of passing by Schedule types: Comparison Two-tailed
schedule type (score of 3 or 4) of passing scores t statistic significance
A/B Block =22.9 Block to traditional 2.932 .004
Traditional = 42.0 Block to trimester 2/3 1.118 .2641

Trimester 2/3=11.0 traditional to trimester 2/3 2.271 .0265
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Table 26

Comparison of CRT Scores by Schedule Type for 12" Grade

Schedule type CRT score N Percentage

AJB block schedule 1 minimal 206 39.6
N =533

2 partial 147 27.6

3 sufficient 115 21.6

4 substantial 65 12.2
Traditional schedule 1 minimal 22 40.7
N =54

2 partial 14 25.9

3 sufficient 8 14.8

4 substantial 10 185
Trimester 2/3 1 minimal 8 38.1
N=21

2 partial 8 38.1

3 sufficient 2 9.5

4 substantial 3 14.3

percentage of students, who scored each of the four CRT scores was separated by the
three schedule types. Only 608 12"-grade students took the Algebra CRT. Table 26
displays scores in each CRT scoring category. For the first time a grade level achieved a
higher percent of passing than the previous grade level. By schedule type the passing
percentages were: A/B block (33.8%), traditional (33.2%), and trimester 2/3 (23.8%).

Table 27 displays the t test comparisons between schedule types for 12"-grade
students. In order to determine if there was a statistically significant difference between
the CRT scores by schedule type a two-tailed t test for independent samples was
conducted. The values generated were comparisons between the three schedule types
used by 12"-grade students and display the t statistic of the comparisons and the

significance as a p value.
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Table 27

Independent t Tests Comparing Percentages for12th Grade for All Schedule Types

Percentage of passing by schedule Schedule types: Comparison Two-tailed
type (score of 3 or 4) of passing scores t statistic significance
A/B Block = 33.8 Block to traditional .043 .9659
Traditional = 33.3 Block to trimester 2/3 467 .6409
Trimester 2/3=23.8 traditional to trimester 2/3 405 .6892

Table 27 reveals the results of the t test comparisons for 12"-grade students. None
of the comparisons for any of the schedule types showed any statistically significant
differences. This suggested that students on any schedule type do not have statistically
significant relationships with higher scores on the CRT. However, the number of students
who took the CRT in 12" grade, when separated by schedule type, was small and called
into question the power of the statistical conclusion. The CRT scores for those taught on
the A/B block schedule and those on the traditional schedule are almost identical for each
of the four CRT scores (1-4).

A multinomial logistic regression analysis was conducted to determine the
relationship between Utah Algebra | CRT scores, grade level, and the school schedule
types in which the students were taught. In total, 46,790 cases were analyzed and the test
of the full model against a constant only model was statistically significant, indicating
that both predictor variables (schedule type and grade level), as groups, were reliably
distinguished among the four different CRT scores (chi square = 571.8, p < .0005 with df
=9 for schedule type and chi square = 1.079 E4, p < .0005, df =15 for grade level). The

overall pseudo-R? Nagelkirke’s R? of .284 indicated a moderate relationship between
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predictors and CRT scores for the entire model. Exp(B) values ranged from .523 to
362.46 when the CRT score of 1 was the reference category. This range of Exp(B) values
indicated, in some instances, no statistical significance for some grade level comparisons
of CRT scores by schedule type and, in some cases, a significant different for some grade
level comparisons of CRT scores by schedule type.

The multinomial logistic regression analysis yielded the percentage of students,
from each grade and from each schedule type who scored a 1, 2, 3 or 4 on the CRT. An
independent samples two-tailed t test was conducted between the four schedule types for
each grade level. The t-test method was selected in order to separate grade levels and
schedule types. The statistical comparison was between passing scores on the Algebra |
CRT, which simplified the test statistics and greatly simplified the understanding of the t
statistic by reducing the number of comparisons. The t-statistic comparisons in each
grade level, for each schedule type, resulted in a variety of results that are summarized in
Table 28.

Table 28 simplified and summarized some of the findings of the preceding 15
tables. The complexity of including so many variables in the study resulted in
multilayered conclusions. Overall, higher scores were recorded by students in the lower
grades, there was a significant difference in the scores when only considering schedule
type, and there was a variety of results when comparing separate grade levels and

schedule types.



Table 28

Summary of Independent Samples t Tests of CRT Scores when Disaggregated by
Schedule Type and Grade Level

Passing percentage by schedule type: Significance level between
Grade level Highest to lowest groups
7 1%: Trimester 3/3 (N = 84) 1to 2" p=.062
2" Traditional (N = 2,398) 2"t0 3% p=.051
3 Block A/B (N = 858) 1"t0 3" p=.026
8 1%: Trimester 3/3 (N = 1,451) 1"t0 2": p<.005
2" Block A/B (N = 4,919) 2"t0 3" p<.005
3" Traditional (N = 9,775) 1%t0 3 p<.005
8 1% : Trimester 3/3 (N = 992) 1"to 2": p<.005
2" Traditional (N = 7,217) 2"t0 3" p<.005
3": Block A/B (N = 6,799) 1"t0 3™ p<.005
10 1%: Traditional (N = 915) 1*to 2" p<.005
2" Block A/B (N = 8,404) 2"t0 3% p=.312
3" Trimester 2/3 (N = 472) 1"t0 3" p<.005
1 1°: Traditional (N = 85) 1"to2": p=.004
2" Block A/B (N = 1,694) 2"t0 3" p=.264
3 Trimester 2/3 (N = 76) 1"t0 3" p=.027
12 1%: Block A/B (N = 533) 1to 2" p=.966
2"%: Traditional (N = 54) 2"t0 3% p=.689

3 Trimester 2/3 (N = 21) 1to 3" p=.641




CHAPTER V

DISCUSSION

The first four chapters of this study contained an introduction of the study’s
purpose and guiding questions, a review of pertinent literature, a discussion of the
methodology and procedures, an analysis of the data, and the report of the results. This
chapter includes a summary of the study, a discussion of the results, limitations,

recommendations, and conclusions.

Summary

The purpose of this study was to investigate the relationship between secondary
school schedule types and students’ scores on end-of-level Algebra | tests. Specifically,
this study explored the relationship between schedule types in Utah schools and the
results of the State Algebra I end of level criterion referenced test for the 2010-2011
school year. The relationships were examined in terms of Algebra I CRT scores for all
students as a group and then by disaggregation of students’ individual grade levels. The
potential value of the findings was to inform secondary school administrators and
educators of the relationship between schedule types and Algebra | CRT scores and
provide research data for decision-making options concerning schedule types.

The research questions were: (1) What is the relationship between mathematics
instructional schedule type and student scores on Utah’s CRT for Algebra I, for all
students? and (2) What is the relationship between mathematics instructional schedule

type and student scores on Utah’s CRT for Algebra I, by individual grade levels? Data
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were collected from the Utah State Office of Education, from 39 school districts, from
over 300 individual secondary schools, and included the CRT scores of 46,790 Utah
Algebra I students. The statistical methods used to analyze the data were multinomial
logistic regression and two-tailed independent sample t tests for percentages. Data

analysis was conducted using SPSS software.

Discussion of the Results

After the relevant data were collected and analyzed the following results were
pertinent to the two research questions. The first research question, which examined the
relationship between mathematics instructional schedule type and student scores, found
that there were statistically significant differences between students on different schedule
types with regard to their scores on the Algebra | CRT. The second research question,
which examined the relationship between mathematics instructional schedule type and
student scores after the students’ scores were disaggregated by grade level, found that the
greatest differences on students’ CRT scores were after the students’ scores were
compared by separate grade levels. Also, with regard to the second research question, the
research found that there were some significant differences within some individual grade
levels when examining the relationship between mathematics instructional schedule type
and Algebra I CRT scores within each separate grade level.

Research Question 1: Results of the
Comparisons of Schedule Types for
All Grades

The results for research question 1 showed that a comparison of all students in the
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study indicated significant differences in CRT scores when students were separated by
schedule type. With no consideration of grade levels, the passing rates were the highest
for students who were taught on the trimester 3/3 schedule (81%), followed by the
traditional schedule (70%), the block schedule (49%), and the trimester 2/3 schedule
(25%). One explanation for this result was that all students throughout Utah were not
equally distributed into mathematics classrooms that utilized each of the schedule types.
This uneven distribution placed more students on the trimester 3/3 schedule who were in
seventh, eighth, and ninth grades—the grades in which the highest scores occurred. The
total number of students who were taught Algebra I on the block or traditional schedules
(43,685) greatly outnumbered the total number of students who were taught on either of
the trimester schedules (3,105). The greater number of students on the traditional or block
is consistent with schools in other states (Flynn et al., 2005; Geerstle & French, 1993).
The trimester 3/3 schedule was utilized frequently by students in the 7"-, 8"-, and 9"-
grade levels, but only nine students in 10" and 11™ grades combined were taught on the
trimester 3/3 schedule. Generally, high schools tend to have more course offerings than
middle schools and have graduation requirements that are more easily met by the
traditional or block schedules.

The first result showing statistically significant differences in CRT scores may be
explained by the time structure of the trimester 3/3 schedule. In the trimester 3/3 schedule
students were enrolled in Algebra I for all three trimesters of the school year. This means
that students spent approximately 180 days in mathematics classes each school day for

60-70 minutes. That would be the greatest amount of time (180-210 hours) spent in the
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mathematics class compared to any other schedule type (see Table 1). The time spent in
the classroom on the trimester 3/3 schedule was every day of the school year. The
statistically significant result may reflect the benefits of daily interactions within the
mathematics classroom with less time between class periods. Conversely, students in the
trimester 2/3 schedule and the block schedule spent the least amount of yearly time in the
mathematics classroom (140 and 132 hours, respectively). On the widely used block
schedule students met every other day. The extra day between class sections may have
affected students’ mathematical retention. The additional time a student spends in a
mathematics class has been shown to be a factor in higher achievement (Adelman &
Pringle, 1995; Fuligni & Stevenson, 1995; Zepeda & Mayers, 2006). What is important
about this first result is that the amount of overall time spent in an Algebra I classroom
for the school year has a statistically significant relationship to higher CRT scores and the
time spent is determined by schedule type.

Research Question 2: Results of the
Comparisons of Schedule Types
for Separated Grade Levels

The result for the first analysis for research question 2 showed that students in the
lowest grade level (seventh grade) scored the highest on the Algebra | CRT and each
subsequent grade level had a lower passing rate. The percentage of students who passed
the Algebra | CRT was the highest in the seventh grade (95.7%) but decreased for each
subsequent grade level: 8" grade (80.7%), 9" grade (52.8%), 10" grade (31.7%), and 11"
grade (24.0%), with a slight upsurge in 12" grade (33.4%; see Table 12). This important

result indicated that age was a significant factor in determining scores on the Algebra |
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CRT. Many students are administered some form of a prognostic test to determine
readiness for Algebra | and this test can be a strong predictor of success (Flexer, 1984). In
Utah, most students take Algebra I in seventh or eighth grade for the first time. Therefore,
the second result of this study may have been caused by the selection of stronger
mathematics students who were algebra-ready students in the lower grade levels. The
process of using prognostic test results for student selection means students who were
taking the Algebra | CRT in later grade levels were not as algebra ready and not as strong
mathematics students (Betts, Hayn, & Zau, 2011; Bitter & O’Day, 2010). This study
included CRT results for students who have taken the Algebra I course more than once,
which would show up as CRT results in the later grade levels. When a student has
confidence and interest in mathematics then that student is more likely to be successful.
But when a student has to retake a course then that confidence, and interest, is reduced
(Koller, Baumert, & Schnabel, 2001). The better mathematics students easily pass the
Algebra I CRT in seventh or eighth grade and, from my 20 years of teaching
mathematics, students who struggle early in mathematics or who repeat the course tend to
be placed in Algebra | later and are more likely to struggle.

Another important aspect of the result with regard to separate grade levels was
that none of the four schedule types solely were related to the highest CRT scores for all
of the grades. The schedule types refer to the time allotment for students in the
mathematics classroom and do not account for differences in instruction. For example,
the students on the trimester 3/3 had the highest scores for seventh, eighth, and ninth

grades; students on the traditional schedule had the highest scores for 10" and 11" grade;
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and students on the A/B block had the highest scores for 12" grade. Some of these
differences were not statistically significant (see Table 28). This result suggests that no
one schedule type had an exclusive relationship to higher CRT scores and that different
schedule types may be better suited for different grade levels and students of different
achievement levels. However, as noted, the trimester 3/3 schedule was utilized only in the
earlier grades and the block and traditional schedules were utilized more frequently in the
later grades. The exception to the common occurrence of the trimester 3/3 only being
used in earlier grade levels was one high school, which had the only nine students in Utah
on the trimester 3/3 schedule who were in 10" or 11" grade.

Students on the trimester 2/3 schedule scored the lowest each time that schedule
was used but only 569 students among the 46,790 students in this study were taught on
the trimester 2/3 schedule. This result may reflect the limited time the students who are
taught on the trimester 2/3 schedule spend in the mathematics classroom during the
course of a full school year and the possibility that some students were finished with their
Algebra I class months before taking the Algebra | CRT. What is important overall about
the results connected to separated grade levels is a realization that differences in CRT
scores have a relationship to the grade level of the students. The earlier the grade level
the higher the CRT scores tended to be. In addition, the differences in CRT scores for the
earliest grades were not significant and no schedule type had a relationship to higher CRT

scores for all grade levels.
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Research Question 2: Results of the
Comparisons of Schedule Types
by Individual Grade Levels

For the second analysis for research question 2, an examination of the data
compared schedule types within separate grade levels. In seventh grade the three
schedule types utilized by students had passing rates of 100%, 96%, and 94% (see Table
17). The result of this very high passing rate may have been caused by the overall
mathematics ability of the students placed into Algebra I in seventh grade. The results for
eighth-grade students, and each subsequent grade level, on the Algebra | CRT were more
widely distributed. This may have occurred because, starting in eighth grade, all students
are placed in Algebra | and a naturally occurring variety of students’ abilities, instruction
methods, and schedule types produced a variety of CRT score results. In the 9"- through
11"-grade levels students who were taught on the traditional schedule scored
significantly higher than students taught on the block schedule (see Tables 21-25). The
reason for this result may have been the allocation of time differences: students on the
traditional schedule meet every school day and students on the block schedule meet every
other day. The results of the present study counter many of the arguments and research
results presented in defense of the block schedule (Ellis, 2004; Gruber & Onwuegbuzie,
2001; Trenta & Newman, 2002). While other research on the block schedule has shown
an increase in student achievement, using various metrics, the present study suggests that
for high school students the block schedule does not yield higher Algebra | CRT scores
for students in Utah. Schedule types with a daily Algebra I class had a statistically

significant relationship to higher CRT scores.
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The third result showed that 12"-grade students scored higher than 11™-grade
students, which was the only instance in which students in a later grade level scored
higher than students in an earlier grade level. One possible explanation for this result is
the now-or-never nature of 12" grade with its graduation requirements. Students who
have struggled academically, and have not dropped out of high school, may find
themselves retaking Algebra I as 12" graders and needing that specific credit for
graduation. The third result is important because it suggests that external forces, such as
needed credit for graduation, could have been enough of a motivating factor to change
the trend of diminishing scores of the earlier four grade levels.

A fourth result which came from the combination of all three findings was the
higher scores for students on the trimester 3/3 schedule. More students in earlier grade
levels were taught on the trimester 3/3 schedule, and virtually no students after 9™ grade
were taught on the trimester 3/3 schedule. Students in earlier grade levels scored higher
on every schedule type but the lack of the trimester 3/3 schedule in later grades leaves a
missing component in the comparison of the same schedule types and CRT scores for all
grade levels. The fourth result is important because it suggests that the trimester 3/3
schedule may be the schedule type which would yield the highest Algebra | CRT scores

for 9"- through 12"-grade levels.

Additional Findings from the This Study
The collection and organization of the data revealed interesting information about
the structures and options that exist within secondary schools in Utah. Many schedule

type options exist for schools yet 93% of all students in the Algebra I classroom were
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taught utilizing the block or traditional schedule. The 4x4 block schedule is used
commonly in other states (Zepeda & Mayers, 2006; Zhang, 2001) but no school in Utah
utilized that schedule in this study. Together the trimester 3/3 schedule and the trimester
2/3 schedule were used in only 7% of the Algebra I classrooms. As was noted above, the
trimester3/3 schedule yielded the highest CRT scores but was only used in the seventh-
through ninth-grade levels.

School administrators are aware of the multifaceted nature of secondary schools.
Algebra I is just a single course within a wide variety of course offerings. School
counselors must consider the requirements of graduation that entail courses from many
core curricular areas as well as elective coursework for students. For some administrators,
teachers, students and parents additional time in the mathematics classroom is seen as
beneficial but to others the time takes away from options in other core areas or from
desired electives (E. Evans, personal communication, March 26, 2012). However, the
pressure to comply with NCLB standards, a growing parental view of the value of
mathematical understanding, and the potential for merit pay attached to student
achievement in specific curricular areas has led some schools to consider adjusting their
structures to increase students’ achievement in mathematics (Bitter & O’Day, 2010; E.

Evans, personal communication, March 26, 2012).

Limitations, Recommendations, and Final Conclusions

Limitations

This study was very specific in the populations and factors examined and,
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therefore, the results cannot be intended for educational communities and structures
outside the study’s scope. To have included all possible factors and measures within this
study would have been problematic and not focused on the matters of interest to the
researcher.

This study was conducted in Utah and, like any state, the state’s educational
system may have had organizational structures, teacher training programs, and student
population attributes which make the transfer of results uncertain to other locations.
Mathematics is a particular piece of the entire school curriculum and results from this
study should not be assumed to match possible results in other curricular areas. The
schedule types examined are consistent with schedule types of the same names elsewhere
but some schedule types (hybrid, block 4x4) were not examined in this study. The
measure of success or achievement for this study was students’ Algebra | CRT scores
which is a confining quantum and should not be considered to be the only, or best,
measure of student achievement. Within the study’s comparison of schedule types there
was an unevenness of the distribution. Not all schedule types were present in each grade

level which makes assumptions about a better overall schedule type impossible.

Recommendations

The research brought to light results which lead to the following
recommendations for educators. Considerations of schedule type for Algebra I students
should be approached with specific deliberation given to the grade levels of the students.
No schedule type alone is the panacea for student success. The results of this study

showing varied student achievement on the Algebra | CRT suggests students in the
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earlier grades achieve high scores with several schedule types but students in the later
grade levels tended to score higher when taught on a schedule type which ensures more
time and more frequent classroom contact. Students in high school should have daily, in-
school contact with their mathematics curriculum. Even with existing high school
graduation requirements, scheduling variations ought to be put in place which maximize
the amount of time spent in the mathematics classroom. As the present study reveals, the
block schedule, as currently constituted, may be advantageous for several curricular areas
(woodshop, photography, and physical education) but appears to have some grade level
specific limits with regard to high school mathematics success for students taking the
Algebra CRT. Hybrid schedules can allow some classes to meet for longer periods of
time every other day but also allow the preferred daily meeting for algebra students.

Changes made to a school’s schedule type for algebra should be research based
and include quality teacher training. Care should be given to not just teach the previous
curriculum with the previous methods and fit them into new and different time structures.
Mathematical problem solving for our information age should be a focus within the
classroom. A return to the pedagogy or content of the past is not implied by this study. To
adequately include problem solving instruction and student practice sufficient time is
required and should be incorporated into the school schedule structure. Some schools
have undertaken steps to ensure that mathematics students have sufficient time that
supports the acquisition of mathematical understanding. One Utah high school, which
utilizes the block schedule for all classes, has used a math lab for some students which

enable an additional block period with a mathematics instructor for tutoring and
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homework time. Elective, not mathematics, credit is given to students who successfully
complete the course. One Utah middle school, which also utilizes a block schedule, has
students in their mathematics class every day for an 88 minute time period. The success

of these types of programs should be researched further to determine effectiveness.

Final Conclusions

This study found significant differences with Algebra | CRT scores when
comparing grade levels and schedule types. The separation of student data into separate
grade levels and then into separate schedule types for this study was somewhat unique in
the research. The common metric of the identical Algebra CRT for all 46,790 students in
the study made for a statistically powerful analysis. This study followed on the heels of
other studies which utilized varying measures of student success to compare different
schedule types.

School districts and individual schools have been under increasing pressure to
improve specified measures of educational success (Flynn et al., 2005; Gullatt, 2006).
Schools have sought educational structures and pedagogical methods to optimize student
learning. One of the structures that had been considered is how classroom time is
allocated and the uses of various schedule types in the classroom (Canady & Rettig,
1993; Copple et al., 1992; Geerstle & French, 1993; Jenkins et al., 2002; Zepeda &
Mayers, 2006). The selection of the block schedule for schools, either the 4 x4 block or
the A/B block, has become commonplace with at least 40% of American secondary
public schools using a block schedule by 1995 (Gruber & Onwuegbuzie, 2001; Flynn et

al., 2005; Gullatt, 2006; Zhang, 2001).
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The success of particular schedule types, in terms of student learning, has been
researched extensively with mixed results (Table 2). The determination of what is meant
by student learning or success has been varied. When the measure was algebra students’
self-efficacy, the block students scored higher (Biesinger et al., 2008); when measuring
daily attendance and suspension rate of students, no significant difference was found
between schedule types (Deuel, 1999); when measuring end of level scores for core
subject matters, students instructed on the block schedule scored higher than those on the
traditional schedule (Gruber & Onwuegbuzie, 2001; Lawrence & McPherson, 2000); and
when measuring Algebra | end of level tests in North Carolina both Ellis (2004) and
Zhang (2001) found statistically significant differences in terms of schedule type, with
students taught on the block schedule scoring higher.

While this study was broad in the amount of data analyzed, there were still some
additional aspects of the topic that could be better studied in the future. If possible, the
removal from the data of those students who had previously taken the Algebra | CRT
may be insightful. At the time of this study the only available option for data acquisition
placed all students within each school who took the Algebra | CRT together and there
was no mechanism available for separating repeat test takers. As charter schools increase
the number of students the inclusion of these schools into the data set would be of
benefit. Charter schools are public schools, as discussed earlier, but since the inception of
this study the number of schools and the number of students has increased to the point of
being statistically viable. In addition, the adoption of the common core curriculum for

mathematics in Utah will eliminate the course title of Algebra I. The transition to the
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common core curriculum will necessitate changes in classroom structures and teacher
training but the actual curriculum in the current Algebra I course will not be replaced to
any great extent. However, the common core curriculum assessment will most likely be
different from the current Algebra | CRT and further study of student results within that
new assessment would be very beneficial.

The results of this study suggest that students in the earlier grades achieved higher
scores than students in the later grades. Some schedule types had a significant
relationship to higher Algebra | CRT scores; schedule types which allowed more time in
the mathematics classroom and a daily mathematics class tended to have higher scoring
students. This means that school districts and school personal can use this information to
make decisions concerning possible schedule types. Matching a particular schedule type,
or hybrid type, with individual grade levels may support students’ acquisition of

mathematics content and knowledge.
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Descriptors of Terms for Algebra I Proficiency Scores
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Algebra | Proficiency Scores
Minimal (1)

Students performing at the minimal level are beginning to apply their algebra
mathematics skills. They are learning how to represent and compute with most rational
and some irrational numbers. They have limited ability to manipulate or solve linear
equations Students simplify monomials and some polynomials, but have difficulty with
factoring. They inaccurately model representations of linear equations using tables,
graphs, or equations. Students may attempt to solve or graph systems of linear equations.
Students have difficulty solving quadratic equations. They identify some traits of slope,
and begin to understand it as a rate of change. Students summarize two-variable data sets
and are developing an understanding of correlation. They estimate lines of best fit with
drawings, but cannot write corresponding equations.

Partial (2)

Students performing at the partial level inconsistently apply their algebra mathematics
skills. They represent, define, classify, compute, and estimate most rational and some
irrational numbers. They manipulate and solve linear equations and inequalities. Students
simplify and may be able to factor monomials, most polynomials, and some quadratic
expressions. They model representations of linear equations and some inequalities using
tables, graphs, or equations but may not be able to solve, graph, or interpret systems of
linear equations or inequalities. They solve basic quadratic equations by factoring or by
taking square roots. Students recognize slope as a rate of change but inconsistently
determine the slopes of lines. Students summarize, display, and recognize the correlation
of two-variable data sets. They estimate lines of best fit, and attempt to interpret and test
conjectures.

Sufficient (3)

Students performing at the sufficient level apply algebra mathematics skills
appropriately. They use multiple representations to define, classify, compute, and
estimate with rational and irrational numbers. Students manipulate, solve, and extract
pertinent information from linear equations and inequalities. They explain the four
operations with rational and irrational numbers, and determine reasonableness of results.
Students simplify and factor monomials, polynomials, and quadratic expressions. They
analyze, connect, and model multiple representations of linear equations and inequalities
using tables, graphs, and equations. Students solve, graph, analyze, and interpret systems
of linear equations and inequalities with and without technology. They solve quadratic
equations by factoring or by taking square roots. They identify, determine, analyze, and
apply slope as rate of change. They summarize, display, and analyze the relationship or
correlation of two-variable data sets. They determine and estimate lines of best fit and
write equations to interpret and test conjectures.
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Substantial (4)

Students performing at the substantial level consistently apply algebra mathematics skills
appropriately. They fluently represent, classify, compute, and estimate rational and
irrational numbers. They effectively manipulate, solve and extract pertinent information
from linear equations and inequalities. Students simplify and factor completely
monomials, polynomials, and quadratic expressions. They efficiently analyze, connect,
and model multiple representations of linear equations and inequalities using tables,
graphs, and equations. Students consistently solve, graph, analyze, and interpret systems
of linear equations and inequalities with and without technology without difficulty.
Students solve quadratic equations using factoring and write quadratic equations when
given the solutions. They skillfully analyze and apply slope as rate of change. Students
summarize, display, and analyze the relationship and correlation of two-variable data sets
and make reasonable predictions. They estimate and write equations for lines of best fit to
interpret and test conjectures.
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