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ABSTRACT
With the advent of Common Core State Standards mathematics education in the
United States has been experiencing a paradigm shift in the structure in which
mathematics classes are organized. This study explored the difference between the
traditional United States pathway of Algebra 1, Geometry, and Algebra 2 versus the
international pathway, Integrated Mathematics 1, Integrated Mathematics 2, and
Integrated Mathematics 3. Specifically this study investigated if there was a
difference in academic achievement between the two pathways. This study examined
students in five sections of Algebra 1 in the 2013-2014 school year and seven sections
of Integrated Mathematics 1 in the 2014-2015 school year. Although there were
multiple teachers, these classes were all taught at the same level and each subject
used the same curriculum. This study used the seventh grade California Standards
Test (CST) as the baseline for the students and then used quarterly benchmark exams
from quarters one and two to determine if there was a difference in academic
achievement between the two pathways. Results indicated that the Algebra 1 students
scored better than the Integrated Mathematics 1 students on the quarter one and two
benchmarks.
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CHAPTER I
INTRODUCTION
Education in the United States is being transformed. The advent of the
Common Core State Standards marks a pivotal juncture in educational history.
Beginning in the mid-1990s, corporate leaders came together with university leaders
to discuss the readiness of high school graduates who were poised to enter college or
career (Achieve, Inc., 2016). Both groups stated that a large percentage of high school
graduates were not adequately prepared for either college or a career. In 1996,
prominent governors and corporate leaders formed a group called Achieve to study
this issue and find a way to help educational institutions across the United States
adequately prepare students for their adult lives (Achieve, Inc., 2016). The leaders of
Achieve realized the need for standards shared by all schools to better prepare
students for life after high school. In 2009, work began on the Common Core State
Standards (CCSS) initiative. The National Governors Association (NGA) and the
Council of Chief State School Officers (CCSSO) directed the process of writing the
standards (Common Core State Standards Initiative, 2014). Committees, which
heavily involved teachers, wrote the standards. There were two periods when drafts of
the standards were available for public comment. As 2013 ended, 45 states had
adopted the CCSS (Common Core State Standards Initiative, 2014).
While education as a whole was changing, so was the subject of mathematics.
The CCSS was much more than a new list of standards. The move to CCSS was a
paradigm shift for mathematics education in the United States. Mathematics
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instructors in the United States were re-thinking the way mathematics was taught. A
very significant change was the structure of high school mathematics classes in the
United States (California Department of Education, 2012).
In 2012, 2013, and 2014 the Stanislaus County Office of Education (SCOE)
gave week-long seminars teaching educators about both math and English Language
Arts (ELA) CCSS. SCOE also offered a high school math network where high
school math teachers from all over the county met regularly throughout the school
year. During the 2012-2013 and 2013-2014 school years, the high school math
network delved into the mathematics CCSS (California Department of Education,
2013). One item discussed early on was the structure of high school mathematics
class. Many people across the United States had one picture of the structure of the
first three years of high school mathematics. First a student took Algebra 1, then
Geometry, and then Algebra 2. However, there was, in fact, another possible
structure for high school mathematics classes. This structure was used in many
European countries. This was Integrated Mathematics 1, Integrated Mathematics 2,
and Integrated Mathematics 3. Each of the two structures involved the same
information being taught over the course of the three years. The difference was the
order in which concepts were presented. As high school mathematics educators
began to investigate the CCSS and how best to teach the students they began to make
comparisons of the two pathways (Shaughnessy, 2011).
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Statement of the Problem
The CCSS were written differently than standards have been written in the
past. The term used was "backmapping." The CCSS writers asked what a student
should know about a topic when he or she graduates high school. Then, a progression
was created from high school back down to kindergarten.
As schools began to prepare for the advent of the CCSS, high school teachers
began discussing the two pathway options. The first pathway was the traditional
United States classes: Algebra 1, Geometry, and Algebra 2. The second pathway
was the typically European classes: Integrated Mathematics 1, Integrated
Mathematics 2, and Integrated Mathematics 3. This was not simply a name change; it
was a structural change. The same material was taught over the course of the three
years, but the material was not taught in the same order. There were many different
items to take into consideration on this issue:
o Which pathway were districts in the county choosing?
o What did the high school educators think about each pathway?
o Did the universities support either pathway?
One question that no one appeared to be addressing:
o Was one of the two pathways academically better for the students?
On the 2013 Algebra 1 California Standards Test (CST) 36% of the students at the
high school being used for this study tested proficient or above (School
Accountability Report Card, 2013). This was higher than the 20% of high school
students in the county who scored proficient or above and the 22% of high school
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students in the state of California who scored proficient or above (School
Accountability Report Card, 2013). Although the students at the high school in the
study performed better than the students in the county and state there was much room
for improvement.
Purpose of the Study
The purpose of this study was to investigate whether changing the order in
which the concepts are taught to the students increased the academic performance of
the students. The CCSS have a traditional pathway and an integrated pathway. Both
pathways encompass the same material over the course of the three years. However,
the material is presented in a different order depending on which pathway is chosen.
The purpose of this study was to examine and ascertain if there was a difference in
student achievement when the mathematical material was presented in a different
order.
Significance of the Study
As educators began to implement this paradigm shift, high school
mathematics departments, together with their administrators and district personnel,
studied the two pathways, and ultimately chose one. The CCSS were created because
both corporate leaders and university leaders said that the high school graduates who
were coming to them were not prepared for either college or a career. So, as
mathematics educators looked at the two pathways, it was extremely important to
know if one pathway presented the material in such a way as to enhance student
achievement. This study was conducted in the very first year that educators
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implemented CCSS in the Central Valley of California. This research project could
be replicated after a few years by other high schools across the country.
Research Question
Within a Common Core based curriculum, is there a difference in
achievement between students in a traditional mathematics pathway and those in an
integrated mathematics pathway?
Hypothesis
Ha:

Within a Common Core based curriculum, there is a difference in
achievement between students in a traditional mathematics pathway
and those in an integrated mathematics pathway when utilizing
standardized quarter one and quarter two benchmark exams as the
assessment tool.

Hb

There is a difference in achievement on 1997 California Mathematics
Standard 4.0 which correlates with CCSS A-REI 3 between students in
a traditional mathematics pathway and those in an integrated
mathematics pathway.

Hc

There is a difference in achievement on 1997 California Mathematics
Standard 5.0 which correlates with CCSS A-REI 3 between students in
a traditional mathematics pathway and those in an integrated
mathematics pathway.
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Hd

There is a difference in achievement on 1997 California Mathematics
Standard 6.0 which correlates with CCSS A-REI 10 and CCSS F-IF 7a
between students in a traditional mathematics pathway and those in an
integrated mathematics pathway.

He

There is a difference in achievement on 1997 California Mathematics
Standard 7.0 which correlates with CCSS F-IF 6 and CCSS F-IF 7a
between students in a traditional mathematics pathway and those in an
integrated mathematics pathway.

Hf

There is a difference in achievement on 1997 California Mathematics
Standard 8.0 which correlates with CCSS G-CO 1 and CCSS G-GPE 5
between students in a traditional mathematics pathway and those in an
integrated mathematics pathway.

Hg

There is a difference in achievement on 1997 California Mathematics
Standard 9.0 which correlates with CCSS A-REI 6 and CCSS A-REI
12 between students in a traditional mathematics pathway and those in
an integrated mathematics pathway.
Definition of Terms

California State Standards (1997). The California State Standards published
in 1997 by the California Board of Education and were the goals that the state of
California set for the students to achieve by the end of each class.
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Common Core State Standards (CCSS). The new state standards that have
been adopted in the state of California and are the new goals that the state of
California has set for the students to achieve by the end of each class.
High School. High school in this study refers to students who are in grades 9
through 12.
Integrated Mathematics Pathway. This pathway refers to the way
mathematics classes have typically been structured in Europe. Students take
Integrated Mathematics 1, Integrated Mathematics 2 and Integrated Mathematics 3.
These three classes constitute the integrated pathway. These three classes contain all
of the material that is taught in a traditional United States pathway of Algebra 1,
Geometry and Algebra 2 with the material presented to the students in a different
order.
Traditional Mathematics Pathway. This pathway refers to the way
mathematics classes have typically been structured in the United States. Students
take Algebra 1, Geometry, and then Algebra 2. These three classes constitute the
traditional pathway.
Summary
As high schools moved to the CCSS, mathematics departments were faced
with a choice to stay with the traditional pathway or move to the integrated pathway.
As school districts across the United States implemented CCSS they chose one of the
two pathways. The main difference in these two pathways is the order in which the
different mathematical concepts are taught. The geometry year is spread across all
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three years in the integrated math pathway. This study explored the question: Is one
pathway academically better for the students?
This thesis will explore literature on the making of the CCSS as well as the
two pathways, traditional versus integrated in the United States. I will incthe
methodology used in this study, analysis of the data, and recommendations for future
studies. Chapter II incorporates the importance of making connections in learning, it
includes literature that explains the advent of the CCSS and it summarizes
publications examining the two mathematics pathways. Chapter III explains the
sample from which the data were collected, and the methodology used. Chapter IV is
the analysis of the data collected with statistical conclusions. Finally Chapter V
includes a summary of the results as well as recommendations for future research on
the question of academic achievement in the two mathematical pathways.

CHAPTER II
REVIEW OF THE LITERATURE
Theory

Piaget (1964) discussed the question of order and how curriculum was
developed and then presented to students. In his 1964 article, “Development and
Learning,” Piaget stated that students needed to be able to make connections in order
to be successful in learning. He pointed out that educational topics were connected
and that students needed the tools to make those connections. One of the eight
standards of mathematical practice in the new CCSS discusses students understanding
structure in the study of mathematics. Piaget also discussed structure and stated that a
particular objective did not stand alone but was connected to other objectives, and
that together the objectives show the complete structure.
Miller (1956) introduced the Cognitive Load Theory. He discovered through his
research that the average person could process 5 to 6 pieces of information at a time.
Miller’s work agreed with Piaget’s work and reinforced the belief that students
needed to be able to make connections between prior knowledge learned and the
concept that they were currently working on. Where Piaget spoke about structure and
the interconnectedness of concepts, Miller suggested breaking learning into sections,
which he called, “chunks” to help students process and retain learning. Miller’s
research demonstrated the need for students to be able to make connections between
different topics and objectives.
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Van Merrienboer and Sweller (2005) expanded on Miller’s Cognitive Load
Theory as they studied memory. Van Merrienboer and Sweller studied many aspects
of memory and their research indicated the need that instructional material be
organized in a way that would enable the student to make connections to previous
learning, which would result in the new information residing in the long-term
memory of the student (van Merrienboer & Sweller, 2005).
Miller (1956), Piaget (1964), and van Merrienboer and Sweller (2005)
discussed the difficulty students had in learning new material if they were not able to
connect the new material to prior knowledge. Both Piaget’s Theory and Miller’s
Cognitive Load Theory pointed to the integrated pathway being the approach that
would aid student learning of mathematics. There were connections to be made
across mathematical topics and in fact, until a student reached Pre-Algebra in junior
high school, mathematics in the United States had not been divided into separate
topics. A third grader had a designated time during the school day in which they
learned math. An example of a connection in mathematics was a student learned how
to add and then when they learned how to multiply the teacher demonstrated how
multiplication is the same as adding. For example, seven times four is the same thing
as seven plus seven plus seven plus seven. Therefore, the students were able to learn a
new concept quickly when they made a connection to previously learned material.
The traditional high school pathway made the connections difficult because
the topics were arranged in a specific order. For example, linear equations were
taught in Algebra 1 and sequences and series were taught in Algebra 2 (Bellman,
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Bragg, Charles, Hall, Handlin, & Kennedy, 2009). However, in Integrated
Mathematics 1 the students studied systems of linear equations, learned about
arithmetic sequences, and then connected linear functions with arithmetic sequences
(Kuehl, Lemon, Sutorius, Honey, & Hendrickson, 2013). There was an extremely
helpful connection here because arithmetic sequences are linear. In the traditional
pathway, this connection could be made but students had an entire year in between
and the passage of time weakened the connection.
The Catalyst: CCSS
Achieve, the organization that was formed in 1996 to investigate and analyze
the education system, began studying the readiness of high school graduates for
college and/or career. They quickly realized that they needed to gather more data on
high school graduates. They, together with several other groups formed an
organization, “The American Diploma Project” or ADP to research and collect data
on the readiness of high school graduates to enter university or begin a career
(Achieve, Inc., 2008b).
1997 Standards Need Revising
The ADP (a collaboration between Achieve, Inc., The Education Trust, and
the Thomas B. Fordham Foundation) studied and confirmed that students graduating
from high school and entering either college or career were simply not prepared for
either of those next steps. They discovered that a large percentage of college
freshmen did not score well enough on the math placement test and were therefore
enrolled in a remedial math course (Achieve, Inc., 2004; California Department of
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Education, 1997). The research also showed that while many high school students
took college classes after finishing high school, very few stayed enrolled long enough
to graduate with a degree (Achieve, Inc., 2004). Employers stated that high school
graduates entering the work force were found to lack rudimentary skills required for
the job (Achieve, Inc., 2004).
The ADP reached the conclusion that high school standards must ready the
students for college and/or career and therefore saw the need for consistency across
the United States in these standards (Achieve, Inc., 2004). Curriculum at the high
school level must lay the groundwork for the skills needed in adult life. The standards
should reflect the concepts and skills that the students needed while still giving
educators the flexibility to design lessons that fit their particular style (Achieve, Inc.,
2004). Instead of taking a particular grade or subject and writing standards for that
grade the ADP concluded that the starting point for standards was to ask what a high
school graduating senior should know on a particular topic and then work backwards
from there (Achieve, Inc., 2004).
CCSS Written – “Backmapping”
By the end of 2004, it was clear that new high school standards were a
necessity. Achieve recognized that the writing and implementation of new standards
was a huge undertaking and that states would benefit from help. For this reason, they
created the ADP Network (Achieve, Inc., 2008b). The ADP network then wrote
mathematics benchmarks for states to utilize to ascertain if their students were ready
for college/career. ADP recognized that high school students were already taking
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benchmarks, assessment tests, and other evaluative material. However, they also
discovered that many of these assessments did not reflect the skills and abilities that
were expected by universities and corporations (Achieve, Inc., 2008b). The
benchmarks were written to help as each state compiled its standards. As states
began working on their standards, several approached Achieve to ensure that their
standards reflected the ADP Network benchmarks (Achieve, Inc., 2008b). As more
states expressed need for assistance, Achieve organized teams of experts who gave
seminars to educators and administrators across the country (Achieve, Inc., 2008b).
The network recognized that there were key concepts that were essential to student
learning. These became the “ADP Core,” which then became the Common Core
(Achieve, Inc., 2008b).
Creation of Possible High School Mathematics Pathways
Most of the United States has always been on the traditional pathway and if
not for Common Core still would be. Common Core was the impetus behind the
integrated pathway. As schools across the nation began preparing for CCSS each
high school was confronted with the question: traditional or integrated? The
integrated pathway has been available in the United States for years but has been
resisted by parents and educators alike. The traditional pathway has been in place for
so many years that people were resistant to change (Reys & Reys, 2009). As
educators began looking at the CCSS and at the new testing procedures they noticed
that the traditional pathway might not be the optimal choice and that the integrated
pathway should be considered.
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The Traditional and Integrated Pathways
The implementation of Common Core sparked a debate in many school
districts across the country about which pathway to choose (Fensterwald, 2014).
Some states made the decision as a state to stay traditional or switch to the integrated
pathway, while other states left the decision up to each school district (Fensterwald,
2014). In the overwhelming majority of American high schools, students historically
took Algebra 1, Geometry, and then Algebra 2 before moving on to either PreCalculus, Statistics or Calculus. In this pathway Geometry continued as a stand-alone
course taken either between Algebra 1 and 2 or after Algebra 2. In Europe, as well as
other countries, math was taught with the Geometry year integrated into the other two
years of Algebra. The classes were called Integrated Mathematics 1, 2, and 3, which
taught all of the same concepts and material with the Geometry concepts woven in
with the Algebra. A qualitative study was conducted recently in Georgia to explore
the meaning of the term “Integrated Mathematics (Araujo, Jacobson, Singletary,
Lowe, & Marshall, 2013). The study found that overwhelmingly the key to
Integrated Mathematics was students making connections (Araujo et al., 2013).
Connections and Their Importance in Mathematics
In the United States math at the elementary level has always been integrated.
The elementary classroom was structured in a way that made connections not only
within a core subject but also among disciplines. For example, an elementary student
may have learned about patterns during math time and then during art time he or she
may have made a drawing that utilized patterns. Students at the elementary level also
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made connections among mathematical topics. For example, an elementary student
may have strengthened his or her understanding of mathematical operations while in
the same lesson also examined other topics such as area (Reys & Reys, 2009). At an
elementary school in the same district as the high school where this study was
conducted, teachers integrated math and reading. Numbers are everywhere and the
elementary teachers connected mathematics to the story that the students were
reading. The teachers at the kindergarten and first grade level integrated the
mathematics of counting into physical education class. Students then had a
kinesthetic connection to mathematics (A. Alton, personal communication, March 14,
2016).
As the importance of making connections to enhance learning took root,
mathematics teachers were looking for ways to help their students make those
connections. One way that mathematics teachers found was to have their students
discuss the ways in which they saw numbers utilized in their own lives (Walkington,
Sherman, & Howell, 2014). Connecting things they did in their own lives to
mathematical concepts in class enhanced learning and was called “grounding”
(Goldstone & Son, 2005). A study was done at the University of Indiana to see if
there was a difference in learning when looking at concrete versus abstract
representations of a concept (Goldstone & Son, 2005). The participants in the study
went from concrete to abstract as well as abstract to concrete (Goldstone & Son,
2005). In each case, the participants in the group who went from concrete to abstract
performed better (Goldstone & Son, 2005).

16

Connections in the Traditional Pathway
As CCSS were being implemented and educators identified the need for
students to make connections through “grounding,” an effort was made to help
students make these connections to their lives. An experiment was performed with a
group of ninth grade Algebra students. The treatment group was given personalized
algebra problems and the control group was given the algebra problems from the
textbook. The study showed that the treatment group scored higher than the control
group (Walkington et al., 2014). Several months later the treatment group continued
to outperform the control group even though the problems being studied at that time
were not personalized (Walkington et al., 2014).
Connections in the Integrated Pathway
The integrated mathematics curriculum was designed to make connections.
Araujo (2013) identified several different ways in which connections were made in
the integrated mathematics curriculum. There were connections between
mathematics subjects in one lesson, connections between mathematics subjects across
a unit, connections to other disciplines, and connections that appeared throughout the
entire course (Araujo et al., 2013). A teacher was interviewed and discussed a task
that was assigned in his/her Integrated Mathematics class that involved planning a
high school prom (Araujo et al., 2013). The teacher pointed out that there were many
different aspects of mathematics needed to complete the task and that the task was
important to the students because the subject matter pertained to high school (Araujo
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et al., 2013). Another teacher discussed how many different mathematical areas were
used by his students in a task involving a Ferris wheel (Araujo et al., 2013).
Summary
Connections are an integral component in a students’ learning. It appeared
that the integrated mathematics approach encouraged and promoted connections in
mathematics by making the connections an integral component of the class. Reys and
Reys (2009) noted that in the real world mathematical situations do not incorporate
one subject and one subject only but involve many different aspects of mathematics
(Reys & Reys, 2009). While both the traditional and the integrated pathways were
working to make mathematics a subject that high school students value and take
ownership in, it appeared that the integrated pathway had many benefits that may
assist students’ ability to perceive that mathematics truly is all around us. Thus, this
study was done to determine if student’s academic achievement was higher in the
integrated pathway compared with the traditional pathway. Chapter III explains the
methodology used, the collection and analysis of the data, and the instrument used for
this study.

CHAPTER III
METHODOLOGY
This study was conducted to ascertain if there was a difference in academic
achievement among high school students in an Algebra 1 course compared to an
Integrated Mathematics 1 course.
Sample
The students participating in this study were a group of 2013-2014 Algebra 1
students and a group of 2014-2015 Integrated Mathematics 1 students at a small high
school in the Central Valley of California.
The school district had five schools with one charter school. The district had
a kindergarten through third grade elementary school, a fourth grade through sixth
grade elementary school, a seventh and eighth grade junior high school, a high
school, and a continuation high school. The district had 1694 students with 71%
qualifying for free/reduced lunch (School Accountability Report Card, 2013).
English learners made up 29% of the student population (School Accountability
Report Card, 2013). At the high school, there were approximately 550 students with
11% English Learners and 59% qualifying for free/reduced lunch (School
Accountability Report Card, 2013).
The convenience sample was composed of some of the 176 Algebra 1 students
in 2013-2014 and some of the 195 Integrated Mathematics 1 students in 2014-2015.
Of the 176 Algebra 1 students, there were 102 freshmen, 60 sophomores, 9 juniors
and 5 seniors. The Algebra 1 students consisted of freshmen who took Pre-Algebra in
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8th grade and those that took Algebra 1 in 8th grade but did not receive a C or better in
the class. The sophomores, juniors and seniors were taking the class either because
they did not pass it or received a D and were taking the class over in order to be
qualified to attend a California State University. The students were randomly placed
in the five sections by the computer during scheduling. Some students’ schedules
were adjusted at the beginning of the school year by the counselor due to individual
student needs. Of the Integrated Math 1 students 122 were freshmen, 58 were
sophomores, 14 were juniors, and 1 was a senior. The Integrated Math 1 students
consisted of freshmen who took Math 8 in 8th grade. The sophomores and juniors
were taking the class either because they did not pass Algebra 1 or because they
received a D and were taking the class in order to be qualified to attend a California
State University. This Algebra 1 convenience sample consisted of (n = 91) students
for quarter one and (n = 108) students for quarter 2. The Integrated Math 1
convenience sample consisted of (n = 144) students for quarter one and (n = 102)
students for quarter two. For quarter one the study had (n = 235) participants and for
quarter two the study had (n = 210) participants.
The study was not able to utilize scores from every student enrolled in August
of 2013 and August 2014 because of several extenuating situations. Some of the
students did not live in California during 7th grade and therefore did not have a score
for the baseline. Other students began the school year in the class and then left the
school. The school purchased a new gradebook program for the 2015-2016 school
year and some of the data needed for this research was not able to be retrieved from
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the old program. The benchmark exam questions were created as a regular component
of the Algebra 1 and Integrated Mathematics 1 curriculum. Quarter one and two
benchmarks would have been identical regardless of this study. See appendix B for
quarter one benchmark and Appendix C for quarter two benchmark. The Algebra 1
group was group 1 (G1) and was the control group. The Integrated Mathematics 1
group was group two (G2) and was the treatment group.
Procedure
The University Institutional Review Board approved this protocol number
1314-037 on October 23, 2013. Permission for this study was obtained from the
school district, parents, and students involved (see Appendix A). The purpose of this
study was to ascertain if there was a difference in student academic achievement
when the mathematic topics were taught in a different order. This study was
conducted using five sections of Algebra 1 with class sizes ranging from 29 to 37 in
2013-2014 and seven sections of Integrated Mathematics 1 with class sizes ranging
from 23 to 32 in 2014-2015. The Algebra 1 students used Prentice Hall Mathematics
California Algebra 1 (Bellman et al., 2009). The Integrated Mathematics 1 students
used Mathematics Vision Project (Kuehl et al., 2013). Student achievement was rated
using the 7th grade CST mathematics score as a baseline. This was done because the
ninth grade students in 2014-2015 did not take CSTs in 8th grade. CSTs were last
given in 2013 and then the new testing began for Common Core. The study then
compared benchmark scores from first and second quarter in 2013 for the Algebra 1
students and in 2014 for the Integrated Mathematics 1 students. An item analysis was
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also conducted for the questions corresponding to each 1997 California Mathematics
Standard (see Appendix D) and the correlating Common Core State Standard (see
Appendix E). Student ID numbers were used when compiling the data. The study was
conducted during the first semester of the 2013-2014 school year and the first
semester of the 2014-2015 school year. The first semester begins in August and ends
in December each year. The curriculum for the two classes is not identical so only the
responses to the questions the two classes had in common were compared.
The structure of the classes was different as the Integrated Mathematics 1
class combined topics from Algebra 1, Geometry, and Algebra 2 whereas the Algebra
1 class was composed of the traditional Algebra 1 topics. The treatment group was
taught connections between mathematical concepts that were not possible in the
traditional Algebra 1 class because the connecting topics had not been introduced yet.
Instrument
The benchmark exams that were used in this study were created using IntelAssess. Intel-Assess was purchased by the district for the 2013-2014 school year and
worked with the gradebook program Aeries Analytic that was also used by the
district. Intel-Assess test questions were aligned to both 1997 California math
standards and CCSS. The validity and reliability for the Intel-Assess program was
established through Electronic Learning Assessment Resources (California
Department of Education, 2008). Intel-Assess was founded in 2006 in Southern
California and worked together with California State University Long Beach to
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provide a valid and reliable program to educators. The items available corresponded
to standards and included analysis and common student errors.
There were twenty-three questions in common on the quarter one benchmark.
See Table 1a and Table 1b for item match-up. There were nineteen questions in
common on the quarter two benchmark. See Table 2a and Table 2b for item match
up. The scores were calculated using percentages (0% - 100%). In the analysis the
means were converted to decimals. Both benchmarks were multiple choice with each
question being either right or wrong.
Table 1a
Quarter One Benchmark Item Match Up Part 1
Question Number
Algebra 1

1

2

3

5

6

8

10 12 13 14 15 17

Integrated Mathematics 1

1

2

3

4

5

6

7

8

9

10 11 12

Table 1b
Quarter One Benchmark Item Match Up Part 2
Question Number
Algebra 1

18 20 22 23 24 25 26 27 28 29 30

Integrated Mathematics 1

13 14 15 16 17 18 19 20 21 22 23
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Table 2a
Quarter Two Benchmark Item Match Up Part 1
Question Number
Algebra 1

10 11 12 13 14 15 16 17 18 19 20 21

Integrated Mathematics 1

1

2

3

4

5

6

7

8

9

10 11 12

Table 2b
Quarter Two Benchmark Item Match Up Part 2
Question Number
Algebra 1

22 23 24 25 26 27 28

Integrated Mathematics 1

13 14 15 16 17 18 19

There were four teachers in the math department during the years 2013-2015 with
two teachers having the Algebra 1 classes in 2013-2014 and four teachers having the
Integrated Mathematics 1 classes in 2014-2015. The math teachers had weekly
department meetings in which they lesson planned together, collaborated on teaching
strategies, and worked together on assessments. The four teachers had 40+ years
combined teaching experience. One teacher wrote the benchmark exams and the other
three teachers each gave input on the test items to ensure content validity.
Data Analysis
The students’ CST scores were used as a baseline for this study. Students
completed the coursework for first semester in Algebra 1 in the 2013-2014 school
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year and students completed the coursework for first semester in Integrated
Mathematics 1 in the 2014-2015 school year. At the end of the first quarter the
students in both years were given a benchmark exam. This exam was a multiple
choice paper and pencil test. A one-way analysis of covariance (ANCOVA) with an
alpha level of 0.05 was run using the Statistics Package for the Social Sciences v.
23.0 to compare the results on the correlating benchmark questions from Algebra 1 in
2013-2014 and Integrated Mathematics 1 in 2014-2015 using seventh grade CST
scores as the covariate.
Summary
As high schools across the country made the decision to have their students on
the traditional mathematics pathway or the integrated mathematics pathway this
research was compiled to investigate the question if one of the mathematics pathways
was academically better for the students. This study examined a convenience sample
from a small high school in California’s central valley. The students’ first and second
quarter benchmark exams were compared to determine if there was an academic
difference with the learning in the two pathways.

CHAPTER IV
RESULTS
The advent of Common Core precipitated a paradigm shift in the teaching of
mathematics. This was especially true at the high school level where schools made
the decision to stay with the traditional pathway or transition to the integrated
pathway. This study was designed to determine if there was a difference in academic
achievement depending on the pathway that was chosen. This investigation contained
a convenience sample of 2013-2014 Algebra 1 students (quarter 1 n=91; quarter 2
n=108) and a sample of 2014-2015 Integrated Mathematics 1 students (quarter 1
n=144; quarter 2 n=102). A one-way analysis of covariance (ANCOVA) was
conducted using seventh grade CST scores as the covariate.
Quarter One and Two Benchmark Results
The assumptions for a one-way analysis of covariance (ANCOVA) were
checked for quarter one benchmark using a test for homogeneity. The results were
not statistically significant F(3, 231)=.026, p=.871 meaning that the ANCOVA could
be safely conducted. The ANCOVA was then conducted with ∝= .05. The
independent variable was the group (Algebra 1 or Integrated Mathematics 1) and the
dependent variable was the quarter one benchmark score with 7th grade CST scores
used as a covariate to adjust for possible differences between the two groups of
students. The results for quarter one benchmark were not statistically significant F(2,
232)=.498, p=.481. Since the p-value was greater than .05 (𝑝 ≥ 0.05) there was not
enough evidence to reject the null hypothesis. This result indicates that there was not
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a significant difference in quarter one benchmark score based on the student’s
pathway. The means are percentages converted to decimals. For Algebra 1 quarter
one benchmark the adjusted mean was Madj=.564 and for Integrated Mathematics 1
the adjusted quarter one mean was slightly higher at Madj=.581. See Table 3 for
information.
The assumptions for a one-way analysis of covariance (ANCOVA) were
checked for quarter two benchmark using a test for homogeneity. The results were
not statistically significant F(3, 182)=.000, p=.992 meaning that the ANCOVA could
be safely conducted. The ANCOVA was the conducted with ∝= 0.05. The
independent variable was the group (Algebra 1 or Integrated Mathematics 1) and the
dependent variable was the quarter two benchmark score with 7th grade CST scores
used as a covariate to adjust for possible differences between the two groups of
students. The results for quarter two benchmark were statistically significant
F(1,182)=7.990, p=.005. Since the p-value was less than .05 (𝑝 ≤ 0.05) there was
enough evidence to reject the null hypothesis. There was a significant difference in
quarter two benchmark score based on the student’s pathway. For Algebra 1 quarter
two benchmark the adjusted mean was Madj=.539 and for Integrated Mathematics 1
the adjusted quarter two mean was lower at Madj=.471, reflected in Table 3.
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Table 3
Overall Adjusted Algebra 1 and Integrated Mathematics 1 Benchmark Means
Control (G1)

Treatment (G2)

Assessment

n

Madj

SD

n

Madj

SD

F

p

Q1 Benchmark

91

.581

.189

144

.564

.196

.498

.481

Q2 Benchmark

108

.539

.195

102

.471

.183

7.990

.005

Standards Analysis
An independent t-test was conducted for the questions on both quarter one and
quarter two benchmark broken down by standard. See Table 4. The school district
purchased a new gradebook program for the 2015-2016 school year and as a result
some of the data for the question analysis was not retrievable. The first standard
addressed on four questions of the quarter one benchmark was 1997 Algebra 1
Standard 4.0 Students simplify expressions before solving linear equations and
inequalities in one variable (California Department of Education, 1997). This
correlates with CCSS A-REI 3 Solve linear equations and inequalities in one variable,
including equations with coefficients represented by letters (California Department of
Education, 2013). The four questions that addressed this standard on the quarter one
benchmark were question three, question 15, question 16 and question 18. Question
three score was not statistically significant t(185)=.670, p=.504. Question 15
performance was not statistically significant t(185)=-.388, p=.698. Question 16 score
was not statistically significant t(185)=-1.084, p=.280. Question 18 performance was
not statistically significant t(185)=-1.227, p=.221. The p-values for these questions
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were all greater than .05 (𝑝 ≥ 0.05). Therefore, for California 1997 standard 4.0 and
CCSS A-REI 3 there was not enough evidence to reject the null hypothesis. See
Table 5.
Table 4
1997 Mathematics Standards and Common Core State Standard Correlation
Standard Number
1997 Standards

4.0

5.0

6.0

7.0

8.0

9.0

CCSS

A-REI 3

A-REI 3

A-REI 10

F-IF 6

G-CO 1

A-REI 6

F-IF 7a

F-IF 7a

G-GPE 5

A-REI 12

Table 5
Overall Means for G1 & G2 1997 Algebra 1 Standard 4.0 CCSS A-REI 3
Control (G1)

Treatment (G2)

Question #

n

M

SD

n

M

SD

t

p

Q1-3

95

.505

.503

92

.554

.500

.670

.504

Q1-15

95

.463

.501

92

.435

.498

-.388

.698

Q1-16

95

.568

.498

92

.489

.503

-1.084

.280

Q1-18

95

.590

.495

92

.500

.503

-1.227

.221

The second standard addressed on six questions of the quarter one benchmark
and two questions on the quarter two benchmark was 1997 Algebra 1 Standard 5.0
(Students solve multistep problems, including word problems, involving linear
equations and linear inequalities in one variable and provide justification for each
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step) (California Department of Education, 1997). This standard correlates with
CCSS A-REI 3 (Solve linear equations and inequalities in one variable, including
equations with coefficients represented by letters) (California Department of
Education, 2013). The six questions that addressed this standard on the quarter one
benchmark were question two, question four, question nine, and questions 21 through
23 and the two questions that addressed this standard on the quarter two benchmark
were question 18 and question 19. Question two was not statistically significant
t(185)=-1.706, p=.090. Question four was not statistically significant t(185)=-.688,
p=.493. Question nine was not statistically significant t(185)=1.032, p=.304.
Question 21 was not statistically significant t(185)=-.557, p=.578. Question 22 was
not statistically significant t(185)=-.354, p=.724. Question 23 was not statistically
significant t(185)=-.307, p=.764. Question 18 on the quarter two benchmark was not
statistically significant t(207)=.680, p=.497. Question 19 on the quarter two
benchmark was not statistically significant t(207)=-1.006, p=.316. The p-value for
each of these questions was greater than 0.05 (𝑝 ≥ 0.05). Therefore, for 1997
Standard 5.0 and CCSS A-REI 3 there is not enough evidence to reject the null
hypothesis. See Table 6.
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Table 6
Overall Means for G1 & G2 Algebra 1 Standard 5.0 CCSS A-REI 3
Control (G1)

Treatment (G2)

Question #

n

M

SD

n

M

SD

t

p

Q1-2

95

.526

.502

92

.402

.493

-1.706

.090

Q1-4

95

.463

.501

92

.413

.495

-.688

.493

Q1-9

95

.790

.410

92

.848

.361

1.032

.304

Q1-21

95

.432

.498

92

.391

.491

-.557

.578

Q1-22

95

.537

.501

92

.511

.503

-.354

.724

Q1-23

95

.716

.453

92

.696

.463

-.307

.764

Q2-18

107

.299

.460

102

.343

.477

.680

.497

Q2-19

107

.794

.406

102

.735

.443

-1.006

.316

The third standard addressed on four questions of the quarter one benchmark
and two questions on the quarter two benchmark was 1997 Algebra 1 Standard 6.0
(Students graph a linear equation and compute the x- and y-intercepts (e.g., graph 2x
+ 6y= 4). They are also able to sketch the region defined by linear inequality (e.g.,
they sketch the region defined by 2x + 6y< 4)) (California Department of Education,
1997). This standard correlates with CCSS A-REI 10 (Understand that the graph of an
equation in two variables is the set of all its solutions plotted in the coordinate plane,
often forming a curve (which could be a line)) (California Department of Education,
2013). This also corresponds to CCSS F-IF 7a (Graph linear and quadratic functions
and show intercepts, maxima, and minima) (California Department of Education,

31

2013). The four questions that addressed this standard on the quarter one benchmark
were question six, question eight, question 17, and question 20 and the two questions
that addressed this standard on the quarter two benchmark were question 16 and
question 17. Question six was not statistically significant t(185)=-1.888, p=.061.
Question eight was not statistically significant t(185)=-1.712, p=.089. Question 17
was not statistically significant t(185)=-1.101, p=.272. Question 20 was not
statistically significant t(185)=1.240, p=.217. Question 16 on the quarter two
benchmark was not statistically significant t(207)=-1.414, p=.159. Question 17 on the
quarter two benchmark was not statistically significant t(207)=-1.322, p=.187. The pvalue for each of these questions was greater than 0.05 (𝑝 ≥ 0.05). Therefore, for
1997 Standard 6.0 and CCSS A-REI 10 and F-IF 7a there is not enough evidence to
reject the null hypothesis. See Table 7.
Table 7
Overall Means for G1 & G2 Algebra 1 Standard 6.0 CCSS A-REI 10 & F-IF 7a
Control (G1)

Treatment (G2)

Question #

n

M

SD

n

M

SD

t

p

Q1-6

95

.747

.437

92

.620

.488

-1.888

.061

Q1-8

95

.726

.448

92

.609

.491

-1.712

.089

Q1-17

95

.526

.502

92

.446

.450

-1.101

.272

Q1-20

95

.790

.410

92

.859

.350

1.240

.217

Q2-16

107

.636

.484

102

.539

.501

-1.414

.159

Q2-17

107

.533

.501

102

.441

.499

-1.322

.187
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The fourth standard addressed on five questions of the quarter one benchmark
and five questions on the quarter two benchmark was 1997 Algebra 1 Standard 7.0
(Students verify that a point lies on a line, given an equation of the line. Students
are able to derive linear equations by using the point-slope formula) (California
Department of Education, 1997). This standard correlates with CCSS F-IF 6
(Calculate and interpret the average rate of change of a function (presented
symbolically or as a table) over a specified interval. Estimate the rate of change from
a graph) (California Department of Education, 2013). This standard also correlates
with CCSS F-IF 7a (Graph linear and quadratic functions and show intercepts,
maxima, and minima) (California Department of Education, 2013). The five
questions that addressed this standard on the quarter one benchmark were question
one, question five, question seven, question 11 and question 19 and the five questions
that addressed this standard on the quarter two benchmark were questions 11 through
15. Question one was statistically significant t(185)=-3.036, p=.003. Question five
was not statistically significant t(185)=-.273, p=.785. Question seven was not
statistically significant t(185)=.206, p=.837. Question 11 was not statistically
significant t(185)=1.116, p=.266. Question 19 was not statistically significant
t(185)=-.315, p=.753. Question 11 on the quarter two benchmark was not statistically
significant t(207)=-1.704, p=.090. Question 12 on the quarter two benchmark was not
statistically significant t(207)=.114, p=.909. Question 13 on the quarter two
benchmark was statistically significant t(207)=-3.408, p=.001. Question 14 on the
quarter two benchmark was not statistically significant t(207)=-1.412, p=.160.
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Question 15 on the quarter two benchmark was statistically significant t(207)=3.199,
p=.002. Three of the ten questions for 1997 Standard 7.0 which correlates with CCSS
F-IF 6 and CCSS F-IF 7a had a p-value that was less than 0.05 (𝑝 ≤ 0.05), which is a
statistically significant result. This means that for those questions there was a
statistically significant difference between the Algebra 1 students and the Integrated
Mathematics 1 students. See Table 8.
Table 8
Overall Means for G1 & G2 Algebra 1 Standard 7.0 CCSS F-IF 6 & F-IF 7a
Control (G1)

Treatment (G2)

Question #

n

M

SD

n

M

SD

t

p

Q1-1

95

.905

.294

92

.739

.442

-3.036

.003

Q1-5

95

.400

.493

92

.380

.488

-.273

.785

Q1-7

95

.463

.501

92

.478

.502

.206

.837

Q1-11

95

.653

.479

92

.728

.447

1.116

.266

Q1-19

95

.653

.479

92

.630

.485

-.315

.753

Q2-11

107

.692

.464

102

.578

.496

-1.704

.090

Q2-12

107

.561

.499

102

.569

.498

.114

.909

Q2-13

107

.542

.501

102

.314

.466

-3.408

.001

Q2-14

107

.654

.478

102

.559

.499

-1.412

.160

Q2-15

107

.187

.392

102

.382

.488

3.199

.002

The fifth standard addressed on four questions of the quarter one benchmark
and five questions of the quarter two benchmark was 1997 Algebra 1 Standard 8.0
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(Students understand the concepts of parallel lines and perpendicular lines and how
those slopes are related. Students are able to find the equation of a line perpendicular
to a given line that passes through a given point) (California Department of
Education, 1997). This standard correlates with CCSS G-CO 1 (Know precise
definitions of angle, circle, perpendicular line, parallel line, and line segment, based
on the undefined notions of point, line, distance along a line, and distance around a
circular arc) (California Department of Education, 2013). This standard also
correlates to CCSS G-GPE 5 (Prove the slope criteria for parallel and perpendicular
lines and use them to solve geometric problems (e.g., find the equation of a line
parallel or perpendicular to a given line that passes through a given point)) (California
Department of Education, 2013). The four questions that addressed this standard on
the quarter one benchmark were question ten and questions 12 through 14 and the
five questions that addressed this standard on the quarter two benchmark were
questions six through 10. Question 10 on the quarter one benchmark was not
statistically significant t(185)=-.128, p=.898. Question 12 was not statistically
significant t(185)=.929, p=.354. Question 13 was not statistically significant t(185)=.356, p=.722. Question 14 was not statistically significant t(185)=-.644, p=.520.
Question six on the quarter two benchmark was statistically significant t(207)=-3.110,
p=.002. Question seven was statistically significant t(207)=-3.722, p<.001. Question
eight was not statistically significant t(207)=-1.860, p=.064. Question nine was not
statistically significant t(207)=-.424, p=.672. Question 10 was not statistically
significant t(207)=.516, p=.606. Two of the nine questions for 1997 Standard 8.0 and
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CCSS G-CO 1 and G-GPE 5 had a p-value that was less than 0.05 (𝑝 ≤ 0.05) which
is a statistically significant result. This means that for those questions there was a
statistically significant difference between the Algebra 1 students and the Integrated
Mathematics 1 students. See Table 9.
Table 9
Overall Means for G1 & G2 Algebra 1 Standard 8.0 CCSS G-CO 1 & G-GPE 5
Control (G1)

Treatment (G2)

Question #

n

M

SD

n

M

SD

t

p

Q1-10

95

.747

.437

92

.739

.442

-.128

.898

Q1-12

95

.411

.495

92

.478

.502

.929

.354

Q1-13

95

.284

.453

92

.261

.442

-.356

.722

Q1-14

95

.800

.402

92

.761

.429

-.644

.520

Q2-6

107

.776

.419

102

.578

.496

-3.110

.002

Q2-7

107

.869

.339

102

.657

.477

-3.722

.000

Q2-8

107

.832

.376

102

.726

.448

-1.860

.064

Q2-9

107

.411

.494

102

.382

.488

-.424

.672

Q2-10

107

.224

.419

102

.255

.438

.516

.606

The sixth and final standard addressed on five questions of the quarter two
benchmark was 1997 Algebra 1 Standard 9.0 (Students solve a system of two linear
equations in two variables algebraically and are able to interpret the answer
graphically. Students are able to solve a system of two linear inequalities in two
variables and to sketch the solution sets) (California Department of Education, 1997).
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This standard correlates with CCSS A-REI 6 (Solve systems of linear equations
exactly and approximately (e.g., with graphs), focusing on pairs of linear equations in
two Variables). This standard also correlates with CCSS A-REI 12 (Graph the
solutions to a linear inequality in two variables as a half-plane (excluding the
boundary in the case of a strict inequality), and graph the solution set to a system of
linear inequalities in two variables as the intersection of the corresponding halfplanes) (California Department of Education, 2013). The five questions that
addressed this standard on the quarter two benchmark were questions one through
five. Question one was not statistically significant t(207)=.484, p=.629. Question two
was not statistically significant t(207)=.336, p=.737. Question three was not
statistically significant t(207)=-.441, p=.659. Question four was not statistically
significant t(207)=1.854, p=.065. Question five was not statistically significant
t(207)=.896, p=.371. The p-value for each of these questions was greater than 0.05
(𝑝 ≥ 0.05). Therefore, for 1997 Standard 9.0 and CCSS A-REI 16 and A-REI 12
there is not enough evidence to reject the null hypothesis. See Table 10.
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Table 10
Overall Means for G1 & G2 Algebra 1 Standard 9.0 CCSS A-REI 16 & A-REI 12
Control (G1)

Treatment (G2)

Question #

n

M

SD

n

M

SD

t

p

Q2-1

107

.486

.502

102

.520

.502

.484

.629

Q2-2

107

.477

.502

102

.500

.502

.336

.737

Q2-3

107

.579

.496

102

.549

.500

-.441

.659

Q2-4

107

.402

.493

102

.529

.502

1.854

.065

Q2-5

107

.851

.358

102

.892

.312

.896

.371

Summary
Two high school math courses were used as the basis for this study to
ascertain if there was a difference in academic achievement depending on which high
school pathway the students were on. This was a convenience sample taken from
Algebra 1 classes (Q1 n = 91, Q2 n = 108) from 2013-2014 and Integrated
Mathematics 1 classes (Q1 n = 144, Q2 n = 102) from 2014-2015. The questions in
common on the quarter one and quarter two benchmark were assessed using 7th grade
CST scores as a baseline. A one-way analysis of covariance (ANCOVA) was run on
both quarter one questions and quarter two questions. Overall the results were not
statistically significant for the quarter one benchmark exam, but the results were
statistically significant for the quarter two benchmark exam. This study was
conducted as the Common Core State Standards were being launched. Consequently,
there is a need for further research on this topic. Chapter five gives an analysis of this
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study which may be a potential springboard for further investigation of the two high
school mathematical pathways.

CHAPTER V
DISCUSSIONS AND RECOMMENDATIONS
Education across the United States has been shifting since the advent of the
Common Core State Standards. This paradigm shift has especially affected
mathematics educators across the country. This study was conducted at the beginning
of this change in mathematics. Although there were limitations in this study, there
are important findings here and it is an excellent starting point for more research into
the two pathways. Educators and administrators in kindergarten through twelfth
grade will find this study useful and may use it to begin more research in this area.
Summary
This research was conducted to determine if there was a difference in
academic achievement when the content was taught in a different order. This was
precipitated by the advent of the Common Core State Standards because with the
coming of the new standards high school mathematics educators had a choice of two
pathways: continue with the traditional pathway or switch to the integrated pathway.
The United States has for the most part been on the traditional pathway while most
other countries use the integrated pathway. Both pathways teach the same material
across the three years of mathematics. The difference between these two pathways is
the order in which the mathematical concepts are presented.
The order in which things are taught and the ability to make connections
between topics has been studied for some time. Miller (1956) introduced the
Cognitive Load Theory. He explained that a person could only process 5 to 6 pieces
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of information at one time and therefore emphasized the importance of making
connections to prior learning. Piaget (1964) wrote about the necessity of students
making connections in order to successfully understand new concepts. He also
discussed structure which is one of the eight standards of mathematical practice in the
Common Core State Standards. Van Merrienboer and Sweller (2005) also studied
memory and expanded on Miller’s theory. They emphasized that educators organize
learning to enable students to make connections to previous learning, which would
enable the student to put the new information in long-term memory.
Mathematics education in the United States has always been integrated in
elementary school as a result of the way that elementary education was designed.
Then, in the United States when a student reached Algebra 1 there was a split into the
three branches of the traditional pathway. There were connections to mathematics
that could be made in any subject but there were also connections that could be made
from one mathematical concept to another. For example, in elementary school the
concept of multiplication was connected to addition which the student had previously
been taught. The student was shown that multiplication is simply fast addition. This
allowed the student to understand the new concept of multiplication because of a
connection to previously learned concept, namely addition.
In the integrated mathematics pathway these connections flowed easily
whereas the traditional mathematics pathway made the connections difficult because
topics that were connected in Algebra 1 and Algebra 2 had the year of Geometry in
between them. An example of this was the connection between linear equations and
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arithmetic sequences. Linear equations were an integral piece of the Algebra 1
curriculum but arithmetic sequences were not introduced until Algebra 2 (Bellman et
al., 2009). Linear equations and arithmetic sequences were both taught in the
Integrated Mathematics 1 curriculum allowing students to make connections between
the two concepts thereby solidifying their understanding (Kuehl et al., 2013). The
Common Core State Standards brought new interest into the two different high school
mathematics pathways. A study was conducted in 2013 in Georgia where researchers
explored educators’ understanding of the term “integrated mathematics” (Araujo et
al., 2013). The study concluded that students being able to make connections is
fundamental to integrated mathematics.
As research shows the importance of making connections for student learning,
mathematics educators have been finding new ways to enhance those student
connections. Teachers are helping their students by connecting mathematical concepts
to the student’s own lives (Walkington et al., 2014). One teacher gave the students a
task involving high school prom and another did a task involving a Ferris wheel
(Araujo et al., 2013). Both of these tasks engaged the students’ interest and enabled
them to understand the mathematical concepts because they were invested in the task
topic. Reys and Reys (2009) noted that in the real world a situation will incorporate
more than one mathematical concept. Teachers in both pathways were working to
help students make those connections but it seems that the design of the integrated
pathway may make the connections more accessible to the students. This is the
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reason this study was conducted to determine if academic achievement was higher in
the integrated pathway compared to the traditional pathway.
This study was conducted using a group of 2013-2014 Algebra 1 students and
a group of 2014-2015 Integrated Mathematics 1 students at a small high school in
California’s Central Valley. The Algebra 1 students were taught using Prentice Hall’s
Algebra 1 2009 curriculum and the Integrated Mathematics 1 students were taught
using the Mathematics Vision Project 2013 curriculum. The study focused on six
1997 California Mathematics Standards which corresponded to eight of the Common
Core Math Standards. The Algebra 1 class was group 1 (G1) and it was the control
group. The Integrated Mathematics 1 class was group 2 (G2) and it was the treatment
group. The standards applicable to both classes were studied in this research using
quarter one and two benchmark exams. Since some of the curriculum differed
between the two classes, only those questions that they had in common were used in
the study.
Research Question
Within a Common Core based curriculum, is there a difference in
achievement between students in a traditional mathematics pathway and those in an
integrated mathematics pathway?
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Hypothesis
Ha:

Within a Common Core based curriculum, there is a difference in
achievement between students in a traditional mathematics pathway
and those in an integrated mathematics pathway when utilizing
standardized benchmark exams as the assessment tool.

Hb

There is a difference in achievement on 1997 California Mathematics
Standard 4.0 which correlates with CCSS A-REI 3 between students in
a traditional mathematics pathway and those in an integrated
mathematics pathway.

Hc

There is a difference in achievement on 1997 California Mathematics
Standard 5.0 which correlates with CCSS A-REI 3 between students in
a traditional mathematics pathway and those in an integrated
mathematics pathway.

Hd

There is a difference in achievement on 1997 California Mathematics
Standard 6.0 which correlates with CCSS A-REI 10 and CCSS F-IF 7a
between students in a traditional mathematics pathway and those in an
integrated mathematics pathway.

He

There is a difference in achievement on 1997 California Mathematics
Standard 7.0 which correlates with CCSS F-IF 6 and CCSS F-IF 7a
between students in a traditional mathematics pathway and those in an
integrated mathematics pathway.
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Hf

There is a difference in achievement on 1997 California Mathematics
Standard 8.0 which correlates with CCSS G-CO 1 and CCSS G-GPE 5
between students in a traditional mathematics pathway and those in an
integrated mathematics pathway.

Hg

There is a difference in achievement on 1997 California Mathematics
Standard 9.0 which correlates with CCSS A-REI 6 and CCSS A-REI
12 between students in a traditional mathematics pathway and those in
an integrated mathematics pathway.

The benchmark scores from the control group (G1) and the treatment group
(G2) were compared using an ANCOVA with 7th grade CST scores used as the
covariate. The results for the quarter one benchmark score were not statistically
significant and therefore there was not enough evidence to reject the null hypothesis.
The results from the quarter two benchmark score were statistically significant and
therefore there was enough evidence to reject the null hypothesis. The results showed
that the Algebra 1 students scored higher than the Integrated Mathematics 1students
on the quarter two benchmark questions. The fact that there were two different
statistical outcomes indicates that the results were not conclusive. However, the
quarter two benchmark results show evidence that the traditional approach scored
better than the integrated approach. The item analysis that was conducted on each
standard assessed on the exams was not statistically significant for 37 of the 42 exam
questions and was statistically significant for five of the 42 exam questions. The
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traditional approach scored higher on four of the five questions that were statistically
significant.
Conclusions
Although the results of this study were overall not statistically significant, the
Algebra 1 students scored higher than the Integrated Mathematics 1 students on a
majority of the questions. This indicated that the traditional pathway was more
successful than the integrated pathway. The researcher believes that time will show
the benefits of the integrated pathway. There are several factors that may have
contributed to the results and this topic warrants further study. The Integrated
Mathematics 1 means for the quarter one and quarter two benchmarks were lower
than the means for quarter one and quarter two Algebra 1 benchmarks. This may be a
result of the teaching methods of the two classes. This study had to be done using
2013 Algebra 1 scores because the high school eliminated Algebra 1 after the 20132014 school year. This study was conducted using scores from the first year that the
high school began implementing Common Core State Standards. As a result, both the
teachers and the students were in learning mode. For more than a decade, the district
that was used in the study taught using the method of direct instruction. The four
teachers involved in this study had only taught the traditional pathway until fall 2014
when Integrated Mathematics 1 was added to the curriculum. The fact that the
teachers had never taught Integrated Mathematics 1 may have contributed to the
lower scores. The Algebra 1 class from 2013-2014 was taught using mostly direct
instruction with the teachers working to incorporate the new Common Core State
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Standards around the direct instruction. The teachers were completely familiar with
the textbook and the teaching methods as were their students. The following year the
Integrated Mathematics 1 classes were taught using a new online curriculum which is
more task based. This curriculum had less direct instruction and the students as well
as the teachers had a huge learning curve. The teachers attended several seminars to
learn this new approach. The fact that Integrated Mathematics was a brand new
subject for both students and teachers could be the reason that the Algebra 1 adjusted
means were higher than the Integrated Mathematics 1 adjusted means.
When the exams were broken down by standard, the Integrated Mathematics 1
class had a higher mean than the Algebra 1 class on 14 out of 42 total questions. It is
possible that the connections that were made in the Integrated Mathematics 1 class
made a difference on these questions even with the difficulty of the new teaching
method. Eight of the 14 questions were on the quarter two benchmark, which may
indicate that the Integrated Mathematics 1 students were adjusting to the new
curriculum and teaching method, and were beginning to make some connections to
previously learned material. Five of the individual questions did result in a
statistically significant finding. Two of the five questions that were statistically
significant related to point-slope form of a line. Point-slope form was introduced in
first semester of both Algebra 1 and Integrated Mathematics 1. However, point-slope
form was solidified in first semester of Algebra 1 because second semester of Algebra
1 focused on quadratics. Quadratics were not covered in Integrated Mathematics 1
which gave the opportunity to solidify the point-slope concept during second
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semester. Two of the five questions that were statistically significant covered the
standard that addressed parallel and perpendicular lines. Both of these topics were
solidified in first semester of Algebra 1 but in second semester of Integrated
Mathematics 1. Integrated Mathematics 1 students scored higher than Algebra 1
students on the fifth question that was statistically significant. However neither group
scored well on that question which may indicate that the question was not a reliable
question. As students and educators become accustomed to the new Common Core
State Standards and more task-based learning the integrated pathway may show better
academic performance than the traditional pathway.
Recommendations
This study was done as the shift to Common Core was taking place. More
research needs to be done on this topic. The superintendent of the district actually
suggested to the researcher that this study should be replicated in about five years
once educators and students have acclimated to Common Core. Research has
demonstrated that connections are integral to learning and that the integrated pathway
makes connections more readily than the traditional pathway. Many districts across
the United States have made the shift not only to Common Core but to the integrated
mathematics pathway and further research regarding connections and academic
achievement is warranted. Some larger high schools have offered the students both
pathways and it would be interesting if a study could be done at one of those
institutions.
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Other questions that have arisen based on this study have to do with the shift
away from direct instruction and to more task based teaching methods. While
educators understand that there needs to be a balance between direct instruction and
tasks just how much of each belong in the classroom? Several teachers in the district
used for this study have raised this question. Direct instruction is teacher-driven while
task based learning is student-driven. However, good mathematical discussion and
task working can only happen if the students have the background knowledge needed
for the task. This begs the question; where and how much direct instruction should be
included?
These areas of research will enable all mathematics educators to enhance their
teaching and continue working to help students grasp mathematical concepts. The
connections that students make will enable them not only to think critically through a
math problem, but will give them the ability to reason through real-life situations as
they grow into young adults.
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APPENDIX A
CONSENT LETTER
Informed Consent
Dear Participant:
You are being asked to participate in a research project that is being done to fulfil
requirements for a Master’s degree in Education at CSU Stanislaus. We hope to learn if there
is a difference in academic success between a traditional Algebra I class and an Integrated
Math I class based on scores of the benchmark tests that you are already taking. There will
be no change in schedule or test taking whether you decide to participate or not. You are
simply deciding whether or not your test scores may be included anonymously in the study.
There are no known risks to you for your participation in this study. It is possible that you
will not benefit directly by participating in this study. The information collected will be
protected from all inappropriate disclosure under the law. All data will be kept in a secret
location. There is no cost to you. Your participation is voluntary. Refusal to participate in
this study will involve no penalty or loss of benefits. You may withdraw at any time without
penalty or loss of benefits.
If you agree to participate, please indicate this decision by signing below. If you have any
questions about this research project please contact me, Judy Viney at (209)484-4314 or my
faculty sponsor, Dr. Susan Neufeld at Stanislaus State University. If you have any questions
regarding your rights and participation as a research subject, please contact the UIRB
Administration by phone (209)667-3784 or by email IRBAdmin@csustan.edu.
Sincerely,

Judy Viney
Mathematics Educator

I agree to participate in this study. I am aware that my participation is completely voluntary.
___
Student Signature
Parent Signature

I do not want to participate in this study. I am aware that non-participation will not affect my
grade.
Student Signature

Parent Signature
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