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ABSTRACT
Many students in the United States are graduating from high school without the math
skills they need to be considered college ready. For many of these graduates, who find
themselves starting their higher education at a community college, remedial math can
become an insurmountable barrier that ends their aspirations for a degree or certificate.
Some students must take as many as four remedial courses before they are considered
college ready. Studies report that between 60% and 70% of students placed into remedial
math classes either do not successfully complete the sequence of required courses or
avoid taking math altogether and therefore never graduate (Bailey, Jeong, & Cho, 2010).
This study compared three low-level freshman math classes in one Arizona high school.
The purpose of this study was to implement an innovative learning intervention to find
out if there was a causal relationship between the addition of technology with instruction
in a blended learning environment and performance in math. The intervention measured
growth (pre- and posttest) and grade-level achievement (district-provided benchmark
test) in three Foundations of Algebra classes. The three classes ranged on a continuum
with the use of technology and personalized instruction. Additionally, focus groups were
conducted to better understand the challenges this population of students face when
learning math. The changes in classroom practices showed no statistical significance on
the student outcomes achieved. Students in a blended online environment learned the
Foundations of Algebra concepts similarly to their counterparts in a traditional, face-to-

face learning environment.
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Chapter 1
Introduction

Statement of the Problem

Too many students in the United States (US) are graduating from high school
without the math skills they need to be considered college ready (they are incapable of
enrolling in a 100 level math course). For those graduates who find themselves starting
their higher education at community colleges, remedial math has become an
insurmountable barrier that ends their aspirations for a degree or certificate due to the
requirement to complete a college-level math course. Some students must take as many
as four remedial courses before they are considered college ready. Members of The
National Center for Public Policy and Higher Education and the Southern Education
Board found that as many as 75% of incoming college freshmen needed remedial work
(National Center for Public Policy, 2010). In addition, more than 90% of students
entering some community colleges were deemed insufficiently prepared to start college-
level work (Kerrigan & Slater, 2010). Math in particular appears to be difficult for a large
proportion of the community college student population (Achieving the Dream, 2006c).

The fact that many students are leaving high school without the math skills they
need to be considered college ready is a problem. In the US, it is common practice for
elementary schools to promote students from grade to grade based on seat time (the
amount of time a child spends sitting in school) and age. This concept of social
promotion is the practice of passing students along from grade to grade with their peers
even if the students have not satisfied academic requirements or met performance
standards at key grades. It is only when the student begins high school that they are held
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fully accountable for mastering skills in order to be promoted. This problem is further
compounded when a low-skilled student is placed into a ninth grade developmental math
class and they are taught third grade through eighth grade skills again, the same way that
they have always been taught, but which had not previously been effective. These
students may continue to fail, which possibly leads to them remaining in a developmental
class for enough semesters to keep them from meeting the four math credit requirement
in Arizona schools. Ultimately, this may result in the student not graduating from high
school or barely passing and not being prepared for college.

Would the introduction of Internet-based technologies improve student
achievement in math? To address this question, I decided to explore the relationship
between math interventions and student achievement. Based on my prior experience as a
high school math teacher and prior research, my view was that a significant difference in
achievement would occur when some form of Internet-based technology is blended with
traditional teaching of math with developmental learners at the freshmen high school
level.

Personal Significance

Several years after my high school experience, while working in the construction
field, I decided to obtain a certificate in project management to build my skills as an
effective manager and leader. Upon enrolling at Glendale Community College in
Arizona, | was required to take a math placement test. The results of this test deemed me
unprepared for college-level math. I was placed into developmental math classes for four
semesters before I had the foundation I needed to be successful in a college math class. 1

remember thinking how badly I wished a teacher in my high school had noticed my low
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math scores and had helped me. As a result of the remediation requirements and great
teachers at the college, I finally understood math. Feeling positive about my newly
acquired math skills, I decided to make another change—I changed my degree to
education with the belief that I might change math teaching practices to include people
like me who fall through the cracks and leave high school without the skills needed to be
college ready. Since receiving my teaching degree, I have taught math in grades seven
through nine. At every grade level, I have found students who, like me, simply did not
understand math. [ have learned that understanding math concepts does not happen
overnight; students have gaps in their learning that grow over time. I have also learned
that in the US, it is common practice to promote students from grade to grade, based on
age, because elementary schools rely on high schools to address the math ability problem.
Once in high school, many will stay in a freshmen level high school algebra class until
they have the skills needed to advance to algebra II or geometry. Passed from grade to
grade without having mastered appropriated grade level skills, gaps in student learning
occur, and when left unremediated, those gaps may result in frustration and sometimes
hopelessness. As a former high school math teacher, I tried to assist these students and
have come to the conclusion that more than just the teacher is needed to make large,
timely gains.

In this study, I analyzed a blended learning environment with struggling freshmen
math students to find out the potential of technology for enhancing math learning. My
aspiration was to find out if the addition of technology motivates and engages this

population of students so that they might acquire grade-appropriate math skills by the end



of their freshmen year and go on to graduate from high school with the ability to proceed,
without remediation, into college.
Purpose of the Study

There are two societal concerns taking place right now that make this study
relevant. First, this study is being conducted at the same time as the implementation of
the Common Core State Standards (CCSS) for college and career readiness. These
standards are a result of over a decade of math research, which concluded that the math
curriculum in the US must become substantially more focused and coherent in order to
improve math achievement. In addition to ensuring a common set of standards for all
states, the new standards seek to address the problem of a curriculum that is presently
considered by many as a “mile wide and an inch deep,” which is a phrase used by the
scholar William Schmidt to describe the academic situation (Schmidt, 2004, p. 1). Absent
from the CCSS is any discussion of intervention methods or materials necessary to
support students who are well below grade-level expectations. The second societal
concern, which begins with the high school graduating class of 2013, is that Arizona has
added the requirement of a fourth year of math to better equip students for the 21st
century. Again, this new requirement does not include a discussion of intervention
methods for the developmental math or slower learner to accomplish this requirement.

In an effort to increase skills, and possibly transform the way students learn, grant
money to support blended, personalized learning environments is becoming increasingly
available. On October 17, 2012, The Next Generation Learning Challenges (NGLC)
announced that grants totaling $5.4 million were available for 13 new models of

personalized, blended learning at the secondary and postsecondary levels. Rio Salado
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College in Phoenix, Arizona, which is part of the Maricopa Community College District,
received almost $1 million of those funds to develop high-quality, low-cost, accessible
educational opportunities for students in early college programs (Boyle, 2012).

The U.S. Department of Education announced in August 2012 that it would
provide nearly $400 million through four-year awards that range from $5 million to $15
million per district, depending on the population of students served through the plan. The
purpose of these funds is to implement local reforms that personalize learning, close
achievement gaps, and take full advantage of 21st century tools that prepare students for
college and their careers (U.S. Department of Education, 2012).

Research Questions
This study seeks to answer two main questions:
1. What is the impact of using technology as a teaching method on math
achievement for low achieving ninth grade students?
2. How do students feel about technology as an instructional method in their math
class?
This study was designed to determine if receiving a computer or technology-based
intervention increased struggling math learners’ achievement. In this inquiry, I worked as
an observer and data collector with three classes of freshmen math students over one
quarter during the fall 2012 semester at an Arizona high school. Observations and data
were collected in an effort to determine which of three instructional methods for teaching
math to high school students with math deficiencies was the most effective. A single-
subject, alternating-treatments research design was used in which two interventions were

presented in similar fashion except for the addition of different types of technology. The
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purpose was to compare three instructional methods: computer-aided or blended
instruction, face-to-face blended instruction with the implementation of Internet-based
tutorials (see Appendix A), and traditional face-to-face teaching.

Measurements included the use of a pre- and posttest to evaluate achievement
growth, a curriculum specific benchmark test, and focus groups of low-ability ninth grade
students. One focus group of students from each class was conducted to examine, among
other things, the role of the affective channel, which includes the portion of the brain that
is responsible for feelings, values, appreciation, enthusiasms, motivations, and attitudes—
all of which are important to improved learning. Ignacio, Nieto, and Barona (2006)
reported that such factors could well explain the anxiety that students felt when faced
with a problem to solve their sensations of unease, of frustration, of insecurity, and the
low level of self-esteem they experience, which often prevented them from successfully
tackling math tasks (p. 17).

Educational Significance

The general problem of low math achievement for many students has both
personal importance and societal importance that affects the entire nation. When students
struggle for long periods, there can be detrimental consequences such as students
dropping out of school or students who persevere but leave high school without the skills
needed to enter a college level class. When students drop out of high school, our society
looses valuable assets. It is not fair to the student and it is not fair to the nation. In 1989,
the National Research Council (1989) reported:

More than any other subject, mathematics filters students out of programs leading

to scientific and professional careers. From high school through graduate school,
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the half-life of students in the mathematics pipeline is about one year; on average,

we lose half the students from mathematics each year, although various

requirements hold some students in class temporarily for an extra term or year.

Mathematics is the worst curricular villain in driving students to failure in school.

When mathematics acts as a filter, it not only filters students out of careers, but

frequently out of school itself. (p. 7)

Previous studies have turned up conflicting evidence concerning remedies for this
problem. Research suggests that promoting unprepared students does little to increase
their achievement or life chances. At the same time, research also shows that the practice
of having students repeat a grade often has negative educational consequences, such as
increasing their chances of dropping out of school (U.S. Department of Education, 1999).

This study examined the implementation of a program in a real-life setting based
on the theory that technological pedagogical content knowledge (TPACK) are all
interconnected in a systems approach, which has been widely accepted but little tested in
this environment. The population that has been chosen for this study is sufficiently
unique and the results of the study seem likely to advance knowledge in the field.

Using either face-to-face teaching or computer-aided instruction (CAI) in
isolation has proven to be ineffective for students struggling with math (Boylan, 2002;
U.S. Department of Education, 2005). Technology itself is not the solution. On January
22,2013, Michael Crow, President of Arizona State University (ASU), said in his “2013
and Beyond " speech that in addition to learning from a teacher, students need different
modes of learning that incorporate enrichment and remediation at each students’
individual pace. To further drive home the point of teaching all students, the vision of
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ASU includes the following statement: “To be measured not by who we exclude, but
rather by who we include” (ASU vision statement).

Blended learning offers all students the opportunity to learn concepts from many
different approaches that make acquiring information appropriate and comfortable.
Personalized learning provides opportunities to engage in a manner relevant to one's
abilities and interests so that he or she can achieve his or her full potential (U.S.
Department of Education, 2005). The online portion of the curriculum provides students
with a flexible learning environment that enables them to have continuous access to high-
quality curriculum any time, anywhere, and at their own pace. This study sought to find
the suitable amount of blend needed to motivate low-skilled learners to engage with and
achieve in math.

Although the concepts of blended learning are not new, the applications in this
environment are novel. Finding the right blend of media is the key to creating the optimal
instructional design that will best impact achievement for these students. This study
examined student achievement based on the teacher's use of different technologies while
attempting to find the optimal amount of blend to fit the needs of students while
considering their skills gaps and different learning styles.

Definition of Terms

For the purposes of this study, the following terms are defined:

Blended learning. This term is used for a formal education program in which a
student learns at least in part through online delivery of content and instruction with some
element of student control over time, place, path, or pace and at least partially at a
supervised brick-and-mortar location away from home (Staker & Horn, 2012).
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Causal relationship. This term describes when one variable causes a change in
another variable. This type of relationship is investigated by experimental research in
order to determine if changes in one variable actually result in changes in another
variable (Cherry, 2012).

Computer-aided instruction (CAI). For the purposes of this study, computer-
aided instruction is an inclusive term for computer-mediated instruction and computer-
aided instruction where the delivery format requires a computer and an Internet product
to deliver the content of the course. The computer evaluates student’s test performance,
provides feedback, promotes mastery, guides students to personal and appropriate
instructional resources, and keeps records of students’ progress.

Developmental math student. This term describes someone who has tested or
been placed into a remedial math course. At the college level, these courses are
commonly identified by below 100 level numbers in their prefix (i.e., MAT 092).

Face-to-face traditional instruction. In her book Blended Learning in Grades 4-
12, Catlin Tucker (2012) described the term traditional classroom as a classroom usually
set up with rows of desks facing a board at the front of the room. Students have pen and
paper ready to take notes as the teacher lectures and projects information onto the board.
In this classroom, the information flows from the teacher to the students. The teacher
stands at the front of the room with all students facing him or her. Students are asked to
sit quietly and refrain from talking to one another for most of the period. Cell phones and
other wireless devices are turned off and stored in backpacks where they will not distract
from the learning (Tucker, 2012, p. 5).

Informal online learning. This term applies to anytime a student uses technology
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to learn outside a structured education program. For example, students could play
educational video games or watch online lectures on their own outside of any recognized
school program (Staker & Horn, 2012). In many cases, the student may repeat the
instruction as many times as needed.

Remedial. This term applies to basic skill education that is below grade level. It is
commonly used in math, English, or reading and writing, and it is a class level that
provides instruction to improve basic knowledge and skills within a subject and to
develop studying and social habits related to academic success at the college level (Aud
etal., 2011).

Technology-rich instruction. This type of instruction refers to a structured
education program that shares the features of traditional instruction, but also has digital
enhancements such as electronic whiteboards, broad access to Internet devices, document
cameras, digital textbooks, Internet tools, and online lesson plans. The Internet, however,
does not deliver the content and instruction, or if it does, the student still lacks control of
time, place, path, and pace.

Summary

This chapter described the purpose of studying a math intervention using a
blended learning model with the use of technology, content, and pedagogy in an attempt
to achieve success with students who struggle with math. I related personal experiences
to convey my passion toward the study. This dissertation set out to find out if there was a
relationship between the addition of technology in a ninth grade low level math class and
student achievement. If a relationship existed, then this study would also seek to

determine how much technology was required to make a significant difference. By
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identifying the optimal blend of technology and face-to-face teaching for secondary ninth
grade students in a developmental math-learning classroom, the analysis adds to the field
of study.

This dissertation is organized into five chapters. Chapter 2 focuses on a review of
the literature by first providing background on the problem with US and Arizona math
score statistics to illustrate the need for this study. TPACK is introduced as one
framework for adding technology to math education through teacher pedagogy and to
situate the positive aspect of technology in the classroom. CAI adds another component
of positive uses of technology. Blended learning studies show the best combination of
teaching and computer integration in the classroom. A summary of these components sets
up the need for technology infusion in the development of ninth grade math curriculum
and explains the need for this study. Chapter 3 describes the methods used in this mixed-
methods study and discusses the purpose of focus groups, pre- and posttest questions, and
provides details relevant to the data collection process. An analysis of the data collected
through focus group discussion and pre- and posttest results relative to the research
questions appears in Chapter 4. Chapter 5 offers a summary, conclusions, and

suggestions for further research.
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Chapter 2
Literature Review
Introduction

This chapter includes a systematic overview of the research literature on blended
learning technology in the math classroom and computer-aided math interventions.
Psychological Information (PsycInfo), Education Resources Information Center (ERIC),
Proquest, What Works Clearinghouse (WWC), Science Direct, and several other
databases provided electronic, peer-reviewed journal articles on interactive computer-
aided learning. Articles were discovered using the following subject phrases as search
criteria: computer-aided instruction, computer-assisted instruction, computer-managed
instruction, mastery learning, web-based learning, web-based instruction, multi-media
instruction, Internet-instruction, hybrid, personalized system of instruction, performance-
based instruction, computer algebra system, interactive, blended instruction, blended
learning, and computer instruction. The bibliographies of the articles found in the initial
search were also reviewed for additional pertinent references.

This study focused on the effects of blended learning (as opposed to computer-
only programs and solely technology-rich environments) where the teacher has a central
instructional role and online resources are tools to enhance teaching and learning. In
blended learning courses, students engage in a variety of face-to-face, whole class, small
group, and individual activities to learn the targeted concepts and skills just as in a
traditional setting. However, in some blended learning environments, instructional
materials include self-paced technological tutorials and activities, which provide instant

feedback based on student performance.
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This literature review is organized in nine sections. The first section reviews math
achievement and underachievement in the US. This section illustrates the need for early
interventions for high school students who struggle with math. The next section situates
the study in the state where it takes place and reviews the literature pertaining to math
achievement and underachievement in Arizona. A summary of math achievement and
support for this study follows, which is in turn followed by a review of math reform and
the role of technology that supports the need for technology in the classroom. The next
section is dedicated to technological, pedagogical content knowledge (TPACK) to show
the importance of technology use as a methodology for teacher’s practice. The literature
review then discusses computer-aided instruction (CAI), which highlights computers as a
vital part of blended learning and provides a deeper explanation of CAI for the purpose of
narrowing the topic from technology to computers in the classroom. CAl is also
discussed in connection with community colleges, and blended learning studies at this
level are addressed. Following that discussion is literature on blended learning as an
intervention in the particular context of achievement in math, which leads into a
discussion of blended learning studies. Finally, a summary of the literature is provided.
The Problem: Low Math Scores in the US

The US has a population in excess of 300 million people, which equates to
approximately a 10% increase since the year 2000 (U.S. Census Bureau, 2010a). With
more than 17 million students in school at the secondary level, or grades nine through 12,
(Wolfram, 2013), it is perplexing to comprehend the number of students who will enter
postsecondary education unprepared for college-level work, and as a result of this

unpreparedness, they will be required to take remedial courses. Each year, the number of
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students needing remedial math classes is increasing (Hodges & Kennedy, 2004;
Krzemien, 2004). Remedial courses, usually in math, English, or reading and writing,
provide instruction to improve basic knowledge and skills within a subject and to develop
studying and social habits related to academic success at the college level (Aud et al.,
2011).

In March 2012, the U.S. Education Reform and National Security report by Joel
Klein and Condoleezza Rice and issued from the Council on Foreign Relations was
designed to offer recommendations to build upon today’s U.S. educational system. The
report declared that the U.S. education system was so failed that it put U.S. national
security at risk. The report stated that 25% of students who drop out of high school are
unqualified to serve in the armed services and approximately 30% of high school
graduates who graduate do not know enough math, science, and English to perform well
on the mandatory Armed Services Vocational Aptitude Battery (Klein & Rice, 2012, p.
3).

The U.S. Education Reform and National Security report warned that the US
cannot be two countries—one educated and one not, and one employable and one not.
Such a divide would undermine the country’s cohesion and confidence and the US’s
ability and willingness to lead. Furthermore, it defies the notion that “opportunity and
promise for all Americans are bedrock principles upon which this country was founded”
(Klein & Rice, 2012, p. xiv).

Approximately 6% of the U.S. population is attending school at the secondary
level (Wolfram, 2013). As the population in this group begins to make their way to
college, many find that they are underprepared to fully achieve at that level (American
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College Test, 2011). Dr. Michael Kirst, a professor emeritus of education at Stanford
University who is also the president of the California State Board of Education and has
studied the proliferation of remedial courses on American campuses, stated that every
year more than 60% of students who enroll at two-year colleges take remedial courses
(Kirst, 2011). These first-year college students discover that, despite being fully eligible
to attend college, they are not really ready for postsecondary studies. After enrolling,
these students learn that they must take remedial courses in English, math, or reading and
writing, which do not earn college credits. Dr Kirst (2011) further stated:
Right now, high schools hand students off to colleges and declare victory. . . .
They say, “A high percentage of our graduates went to college,” but they don’t
look at how many had to take remedial courses or never got a degree. The
colleges blame the high schools for not preparing students, but do not work to
align the courses. The two systems do not communicate well at all. (p. 3)
Kinney (2001) suggested three reasons that explain why college students are in
need of developmental math courses when they arrive at postsecondary institutions: (a)
they did not take the relevant courses in high school; (b) they took the relevant courses
but did not master the content; or (¢) they have forgotten much of the content that they
had previously mastered (p. 10). The gap between college eligibility and college
readiness has attracted much attention, yet the situation persists unchanged. While access
to college level classes remains a major challenge for some students due to skill
deficiencies, states have been much more successful in getting students into college than
in providing them with the knowledge and skills needed to complete certificates or

degrees. Even those students who have done everything they were told to do to prepare
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for college often find their new institution considers them unprepared after they have
arrived or enrolled. Their high school diploma, 12 years of school, high school exit
examination scores, and college preparatory curriculum did not successfully result in
college readiness.

In 2011, only 25% of graduating seniors who took the American College Test
(ACT) exhibited college and career readiness in reading, writing, math, and science.
Likewise, the 2010 U.S. Census Bureau survey reported that 27.9% of the nation and
26.3% of Arizona residents over the age of 25 earned a bachelor’s degree between 2006
and 2010. ACT scores indicated that the 2011 class was best prepared for college-level
English courses, with 73% meeting standards for that subject, though were most likely to
need remedial classes in math and science. Although the results are slightly better than in
2009, only 24% of the 2010 graduating class met all of ACT’s four thresholds. Overall,
the ACT Condition of College & Career Readiness 2011 Report highlighted a glaring
disconnect between finishing high school and being ready for the academic challenges of
college: 45% of those tested met the math benchmark for college and career readiness
(ACT, 2011, p. 3). If one were running a business and only satisfied half of their
customers, then it seems certain that they would not continue to be in business; yet, this
has been the case for the US with regard to math for decades. Regarding this situation,
Tinto (2008) wrote:

We must stop tinkering at the margins of institutional life, stop our tendency to

take an “add-on” approach to institutional innovation, and stop marginalizing

our efforts and in turn our academically underprepared students, and take

seriously the task of restructuring what we do. (p. 3)
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This quote suggests a need to completely overhaul the way math is taught in order to
achieve a different outcome.

Table 1 shows average math test scores in the US in 2009. The ACT reported a
score of 21 out of a possible score of 36. It also stated that only 42% of the students who
took the test were college ready, which means that they most likely will earn a C or better
in a college algebra class. The U.S. standardized test for college admissions (SAT)
reported an average math score of 516 out of a possible 800. The Program for
International Student Assessment (PISA) reported an average math scale score of 487 out
of 1000. All results underscore the lack of math ability and preparedness for college or
careers:

Table 1

Average Math Test Scores in the US in 2009

Test | Average Score | Possible Score

ACT 21 36
PISA 487 1000
SAT 516 800

Note. Data obtained from ACT, SAT, and PISA test results. Information can be found at
http://www.act.org/newsroom/data/2009/pdf/National2009.pdf, http://nces.ed.gov/
fastfacts/display.asp?id=171, and http://nces.ed.gov/surveys/international/reports/2011-
mrs.asp#mathematics.

To further emphasize the importance of much-needed math interventions, the
convention on the Organisation for Economic Co-operation and Development (OECD)

reported the worldwide average score for 15-year-olds taking the PISA test was 496 out

of 1000. The U.S. math score for 15-year-old students was below that score, and below

17



the average of the 34 OECD member countries in 2009 as reported in the National Center
for Education Statistics (NCES) (U. S. Department of Education, 2009). The poor
performance of U.S. students has led math educators to question their instructional
practices.
Math Achievement and Underachievement in Arizona

To situate the math scores in the context of the location of this study, data from
the Arizona Department of Education State Report Card 2010-2011 indicated that 64% of
Arizona’s high school students passed the Arizona Instrument to Measure Standards
(AIMS) math test in 2011 (see Figure 1). Pearl Chang Esau, President and CEO of
Expect More Arizona in 2012, sat down with Arizona’s Superintendent of Public
Instruction John Huppenthal to gain his firsthand perspective on the state of kindergarten
through 12th (K-12) education in Arizona. To summarize, he believed that the education
system needed to change and stated that successful students who graduate from high
school must be “tech-savvy, task flexible and critically thinking, adaptive problem

solvers” (Esau, 2012, p. 3).

90

R Exceeded

i Meets

e 2
¥ ¥ ik Total Passed

Figure 1. Arizona high school students’ 2011 AIMS math test scores. Data from the
2010-11 State of Arizona Department of Education State Report Card.
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Superintendent Huppenthal supported the idea of blended learning classrooms
with innovative technology and believed it would result in significant academic gains for
students; he was dedicated to taking his department in that direction. He understood that
students came to class with varying amounts of information and that they learn
differently and on different timelines. He proposed that a one-size-fits-all method of
instruction created a system of winners and losers whereby some students are trying to
catch up and others are waiting for the teacher to catch up with them
(http://www.expectmorearizona.org/learn-more/newsletters/raising-expectations-april-
2012/). In this scenario, and as indicated by the data in Figure 1, many students are not
achieving grade level expectations.

Summary of Achievement Scores

As reported by ACT, SAT, PISA, and the OECD, average U.S. math achievement
scores were low. Students continued to graduate from high school without all the skills
needed to be considered college ready. This lack of success in math began to drive new
reforms. One such reform is a four-year math requirement to graduate from Arizona high
schools. Common Core State Standards (CCSS) designed to focus on college and career
readiness skills are accepted by all but five U.S. states (http://www.corestandards.org/),
and new curricula created by many districts and teachers integrate CCSS. If past reforms
are any indication of future promise, though, this may not be enough to close the
achievement gaps for students with low skills.

For students with low math skills, the creation and implementation of new

standards and additional math classes may only address a small portion of the problem.
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Math education depends heavily on foundational learning and mastery. Nevertheless,
math education traditionally follows the spiral method whereby instead of teaching
concepts in depth to the point of mastery, teachers simply touch on a wide number of
math concepts. In this case, numerous, varied topics are presented in units and some
students may not be given the time to explore the same topic for several months or
possibly until the next grade level. As a result, some students never truly master a
concept and therefore lack the foundation needed for connecting concepts and
transferring basic knowledge to more complex math. Without basic, complete mastery,
students encounter a compounding effect, which creates gaps in skills. Because of the
gaps, many students fall behind in grade level skills (Schmidt, McKnight, & Raizen,
1997). Today, too many students have gaps in their math skills and are leaving the U.S.
K-12 education system without the skills needed to be considered college ready or
military ready in math, as evidenced by ACT, SAT, PISA, and other tests.
Math Reform and the Role of Technology

Professional organizations of math educators have been promoting the reform of
math education dating since the 1920s when The National Council of Teachers of
Mathematics (NCTM) was founded. The NCTM remains at the center of math education.
The association's influence has been evident in the growth of research-based math
teaching methods, curriculum, focal points, and standards. Most recently, NCTM’s
(2008) stated position on technology is that:

Technology is an essential tool for learning mathematics in the 21st

century, and all schools must ensure that all their students have access to

technology. Effective teachers maximize the potential of technology to
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develop students’ understanding, stimulate their interest, and increase their

proficiency in mathematics. When technology is used strategically, it can

provide access to mathematics for all students.
This suggests that those who have struggled with math concepts may benefit from the
infusion of technology into current teaching methods.

In 1996, President Bill Clinton announced a transformative vision for computing
in schools. Christensen, Horn, and Johnson (2008) quoted Clinton when discussing the
vision of technology and education, which included:

(1) modern computers and learning devices available to all students, (2)

classrooms connected to one another and the outside world, (3) making

educational software an integral part of the curriculum and as engaging as the
best video game, and (4) having teachers ready to use and teach with

technology. (p. 72)

Technology tools in the math classroom can include the use of calculators, interactive
software, spreadsheets, online tutorials, etc., to enhance teaching and learning. This is not
to say that technology is the cure-all to math achievement for all students, because it
cannot replace conceptual understanding, computational fluency, or problem-solving
skills (NCTM, 2008). However, in a balanced math program, the strategic use of
technology enriches math teaching and learning when teachers are knowledgeable
decision makers in determining how much technology to use, when to use it, and what
type of technology is appropriate for various learning environments.

Since digital technologies have evolved, strategies for their effective integration

into the learning of math have evolved as well. Technology has forever changed what
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people need to learn as well as the way people acquire information. To reach today’s
digital natives (those who have been interacting with technology from an early age), it is
important that math teachers have an understanding of modern digital technologies in
math curriculum and instruction. To this end, other math-related organizations such as the
International Society for Technology and Education (ISTE) challenged teachers to think
about the technology skills and knowledge students would need in an increasingly tech
savvy world (Niess et al., 2009, p. 6). In 2002, the National Educational Technology
Standards for Teachers (NETS-T) were released (ISTE, 2002). ISTE’s NETS-T was the
comprehensive framework for digital-age learning, teaching, and leadership. They
defined what students, teachers, and administrators should know and be able to do with
technology. At the same time, with the best intentions for reform, these standards did
little to change instructional practices in the classroom (Niess et al., 2009). In 2007, ISTE
transitioned from its original intent to provide basic skills and knowledge needed to
operate the technology to how to effectively use the technology through NETS-S (NETS
for students). Earle (2002) framed the shift most clearly when he wrote:
Integrating technology is not about technology—it is primarily about content and
effective instructional practices. Technology involves the tools with which we
deliver content and implement practices in better ways. Its focus must be on
curriculum and learning. Integration is defined by not only the amount or type of

technology used, but by how and why it is used. (as cited by Niess et al., 2009,

p.7)

TPACK: Technological Pedagogical Content Knowledge
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With the increasing use of Internet-based devices, the development of
sophisticated software in our society, and the desire to integrate both into the classroom,
professional organizations like NCTM and ISTE have called for students and teachers to
become effective users of technology (ISTE, 2002; NCTM, 2008). The Association for
Mathematics Teacher Educators (AMTE) wrote in their position statement that
“mathematics teacher preparation programs must ensure that all mathematics teachers
and teacher candidates have opportunities to acquire the knowledge and experiences
needed to incorporate technology in the context of teaching and learning mathematics”
(AMTE, 2006, p.1).

To integrate technology effectively, teachers need to have knowledge of
pedagogy in their specific content area (Niess, 2005). The concept of TPACK builds on
Lee Shulman’s (1986) theoretical framework of pedagogical content knowledge (PCK).
To build an effective framework for technology integration in the classroom, leading
educators have paved the way by adding technology to Schulman’s existing PCK
framework. The interconnection and intersection of technological, pedagogical, and
content knowledge for thinking and learning math with technologies constitutes the
TPACK acronym (Niess, 2008). Technology in the classroom is a fluid process that
continues to change the way students learn and teachers teach, and TPACK’s intention is
to provide a framework for viewing teachers’ knowledge necessary for the design of
curriculum and instruction focused on the preparation of their students thinking and
learning of math with digital technologies (Niess et al., 2009). Mishra and Koehler (2006)
created a graphic that showed the heart of the TPACK framework as a complex interplay
of three primary forms of knowledge: content knowledge (CK), pedagogical knowledge
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(PK), and technological knowledge (TK) (see Figure 2).
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Figure 2. The TPACK model by Mishra and Koehler (2006). Used from http://tpack.org/
and reprinted with permission.

With the addition of the model, TPACK has been labeled by some as the Total
PACKage required for integrating technology, pedagogy, and content knowledge in the
design and instruction for thinking and learning math with digital technologies (Niess,
2008). This framework informed teachers how to integrate knowledge for appropriately
teaching math with suitable technologies, which can assist learners who struggle with
math.

Computer-Aided Instruction (CAI)

To catch the wave of technology-infused math reform, TPACK offers a
framework for the addition of CAI for struggling math learners in the traditional high
school classroom. Although remediation efforts for math learning disabilities have
generally focused on early identification and intervention, recent studies indicate that

difficulties persist for older children (Gersten, Jordan, & Flojo, 2005; Mabbott & Bisanz,
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2008). Another study (Jordan & Montani, 1997) found that students with math
deficiencies would be better served if problems were presented visually as compared with
orally via direct instruction. In addition, Guskey (2010) emphasized the importance of
mastery learning as foundational blocks: “the core elements of mastery learning also
provide the foundation for many innovations and interventions that teachers are
implementing in classrooms today” (p. 1). Christenesn et al. (2008) wrote that computer-
aided learning could fill in gaps for failing students when remedial classes are
unavailable (p. 94).

Teaching in a lecture-style venue is typical for math instruction (and for other
subjects, too) but can become problematic for some learners because the classes are
instructor-paced and not learner-centric. Often times, this method of delivery becomes
whole-group based in which the teacher is forced to teach to the middle, which leaves
advanced learners bored and slow learners confused. Eventually, many students are left
behind as the curriculum moves forward without them (Esau, 2012; Johnson & Rubin,
2011).

Twentieth century research on math pedagogy concluded that CAI programs have
failed to revolutionize instruction because most have been designed to replicate
traditional instruction; thus, they often produce the same results as previous instruction
methods (Englemann, 1992, & Skinner, 1963, as cited by Johnson & Rubin, 2011).
Contrary to Tinto’s (2008) suggestions, the literature reported that computers are being
used as an add-on to the current educational system to enhance direct instruction.
Christensen et al. (2008) wrote, “Schools have crammed the computers into the existing

teaching and classroom models. Teachers have implemented computers in the most
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common-sense way—to sustain their existing practices and pedagogies rather than to
displace them” (p. 84). As previously illustrated by statistical data, continuing to do what
we have always done has produced the same results. It is only when technology is used
differently and for a different purpose that we may see different academic outcomes.

Early research found that blended learning has been widely investigated in the
areas of business and higher education for the learner but little tested for effectiveness at
the K-12 grade levels. In 2010, the Department of Education published a meta-analysis
review of online learning studies, including those that focus on blended learning, and
found that there exists very little research on the effects of online learning for K-12
students. Data from this research showed that between 1994 and 2008, there were only
five experimental or controlled quasi-experimental studies that compared the learning
effectiveness of online and face-to-face instruction for K-12 students. Means, Toyama,
Murphy, Bakia, and Jones (2010) reported that student populations from these studies
included eighth grade students in social studies classes, eighth and ninth grade students
taking algebra I, middle school students taking Spanish, fifth grade students taking
science in Taiwan, and elementary school-age students in special education (p. xiii).
Three of these studies favored blended learning conditions (Means et al., 2010).

Finding a solution to low math achievement is of constant concern to policy
makers and educational leaders from kindergarten through college in the US. Blended
courses offer an alternative learning method for students who do not learn well in a
lecture-only environment (Garnam & Kaleta, 2002; Spika, 2002). According to Means et
al. (2010), policy makers and practitioners wanted to know about the effectiveness of

Internet-based interactive learning approaches and need information about the conditions
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under which online learning is effective (p. xi). Additionally, Cavalluzzo, Lowther,
Mokher, and Fan (2012) noted that there was a considerable body of literature on both
technologies’ effectiveness in improving instruction for teacher delivery and how
teachers can use technology most effectively. However, they reported that the evidence
on the effectiveness of technology in improving student performance was mixed (p. 3).

Studies that are more recent show favorable results. In a comparison of 10 studies,
Johnson and Rubin (2011) found that in eight of them, CAI instruction generated a better
performance than lecture-style instruction (p. 66). Other findings indicated that
instruction should be designed to promote more meaningful responses than those required
by a simple digital textbook. In addition, interactions should be confirming, which
requires the learner to show they understand a given point (mastery) before proceeding to
new material. Furthermore, using CAI for mastery can be a game changer for some
students: “The possibility of allowing economical, enforced, and demonstrative
interactions is the one unique offering of CAI, one that distinguishes it from other
instructional alternatives” (Johnson & Rubin, 2011, p. 58).

Wenglinsky (1998) created a national assessment on the effects of simulation and
higher order thinking technologies on math achievement. Findings led to the conclusion
that the use of a computer has positive effects on math instruction. Students who used the
software implemented by the study showed gains in math level, and teachers who were
trained on how to use the computer showed gains in math scores. Interestingly, this study
found that the computer is more effective in high schools than primary schools.

In another study, doctoral students, Aliasgari, Riahinia, and Mojdehavar (2010)
studied the effectiveness of CAI on attitude and achievement in math with students in two
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high schools in Iran. They compared CAI with traditional instruction and found that
students’ motivation and achievement increased in the CAI class as a result of this
intervention. The authors suggest that CAI should be used with all classes and especially
math because abstract concepts are taught.

CAI: Community College Connection

Upon graduating from high school, students seeking an associate degree or a
transfer to university must take a placement test to assess reading, writing, and math
skills. At that point, students who did not receive the correct intervention for their
learning style usually find that they test into a developmental math class.

Epper and Baker (2009) studied many community colleges in the US and found
that in most cases there was not a significant difference in learning outcomes based on
teacher delivery methods. However, they recognized that teaching developmental
learners in a variety of ways enhances students’ persistence (Epper & Baker, 2009, p. 13).

At the community college level, CAI traditionally has been used as an add-on to
direct instruction. Students typically use some form of math tutorial or practice software
in a computer laboratory setting or online and work independently to build skill levels
while filling in gaps in learning. Epper and Baker (2009) found that many of the math
education software products available are designed to identify skill deficiencies and use
artificial intelligence systems to help students master increasingly challenging material
through feedback and formative assessment. Most programs are commercial products
available from a variety of publishing and educational software companies. They used the
following examples in their research: My Math Lab, Math Zone, ALEKS, PLATO,
Cognitive Tutor, EnableMath, and Nspire. This study was designed to use a CAI
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intervention similar to these products at a precollege grade level. Theoretically, if the
intervention proves successful and is then implemented in precollege curricula, then the
need for this intervention at the college level may, over time, be partially eliminated.

While scientific evidence based on controlled experiments is lacking, there are
studies documenting improved results for developmental math students who use CAI
(Testone, 2005, as cited by Epper & Baker, 2009, p. 10). For instance, one of the
community colleges researched in Epper and Baker (2009) in Denver had a 40% success
rate in college math three semesters after the technology intervention in comparison to a
12.5% success rate for the comparison group after five semesters (p. 8). The math classes
used a mastery approach supported by Pearson’s MyMathLab software (Epper & Baker,
2009, p. 8).

Epper and Baker (2009) also noted that students who were successful in algebra II
were more than twice as likely to graduate from college as students with less math
preparation. Furthermore, the highest level of math completed in high school is one of the
strongest predictors of whether a student will enter postsecondary education, be prepared
for college-level courses without remediation, and complete a bachelor’s degree (Long,
latarola, & Conger, 2009, as cited by Cavalluzzo et al., 2012). Knowledge of these
indicators makes a strong case for early remediation for struggling math learners. The
available data suggests that current K-12 methodologies are not doing the job of
preparing students for college math. Teachers in high schools may need appropriate
technology-enabled means to leverage their skills in order to further engage and excite
students to maximize learning. Through the framework provided by TPACK and the
standards set forth by ISTE and NCTM, teachers now have the tools to successfully
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implement technology into their math curriculum.
Blended Learning

The definition of blended learning that is currently accepted in the field has
become common in curricular practice, and is expected to evolve, expand, and be refined
as needed in order to remain current. For example, in Horn and Staker’s 2011 report The
Rise of K-12 Education, the definition of blended learning included six models whereas
in the 2012 report Classifying K-12 Blended Learning, blended learning was refined to a
four-model taxonomy. The four blended models include: (a) rotation: station rotation, lab
rotation, flipped classroom, and individual rotation; (b) flex; (c) self-blend; and (d)

enriched-virtual (Staker & Horn, 2012; see Figure 3).
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station rotation .y Self-Blend — Enriched-
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Figure 3. The four aspects of a blended learning model as developed by Staker and Horn
(2012). Created with permission from author Heather Staker.

There are many reasons why an instructor may choose a blended learning method
over other learning options. Osguthorpe and Graham (2003) identified six reasons why
one might choose to use a blended learning system: (a) pedagogical richness, (b)
immediate access to knowledge, (c) social interaction, (d) personal agency, (e) cost
effectiveness, and (f) ease of revision. Blended learning literature indicates the most

common reason instructors chose this method was to combine the best of both worlds:
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online and face-to-face, which incorporates all six.

The learning styles of today’s students are increasingly viewed as more diverse
than ever before. In addition, many students may be more technologically proficient than
their teacher. As digital natives, these students have grown up with a computer, have
surfed the web, and have used the Internet to conduct research for homework help before
they enter high school. Dziuban, Hartman, and Moskal (2012) found that:

Some characterize today’s generation of learners by their technological

empowerment: stimulus junkies and gamers who multi-task, demand response

immediacy, and communicate by text messaging. They are not proficient in
higher order thinking and are unwilling to take intellectual risks and who view

problem solving as a series of choices on a monitor. (p. 13)

To reach these learners, an active learning environment may be advantageous. For the
learners who struggle, implementing a blend between traditional teaching and the use of
technology may be beneficial for addressing various learning styles with those who might
need extra practice or repetition.

Blended learning classes may range from fully online with options for face-to-
face instruction, to classes that include online resources with limited or no requirements
for students to be online. According to Larry Ragan (2007) of Rice University’s
Connexions, a project for the collaborative development and free sharing of educational
content on the web, blended learning is “the planned integration of online and face-to-
face instructional approaches in a way that maximizes the positive features of each
respective delivery mode” where the goal is to build from each approach and “to create

an innovative and effective learning experience for students” (Ragan, 2007, as cited by
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Larson & Murray, 2008, p. 9). In this approach, a teacher adds online multimedia to
improve her teaching effectiveness and efficiency. She prepares the students ahead of
time using face-to-face teaching to create the foundation for class activities and then
incorporates CAL The theory is that blended learning has the potential to offer multi-
method instruction through the blend, which can have better results that are increased as
more methods are incorporated. Blended learning leverages the strengths of current in-
class teachers and extends the total learning experiences of the students through
engagement and a strong feedback loop that allows for mastery of skills (Larson &
Murray, 2008).
Blended Learning Studies

Researcher and author James Kullik (2003) conducted many formal meta-analytic
studies of experimental and quasi-experimental evaluations on the impact of best-
described CAI on student outcomes over the last 25 years. Current research might label
many of these environments as blended learning (Cavalluzzo et al., 2012). Kullik’s
(2003) review of 61 studies included seven studies performed in the area of math for
Grades 2 through 8. Results reported an effect size (estimated magnitude of a
relationship) of + 0.38 for increased math test scores. Kullik also examined six tutorial
programs that focused on a single topic in social studies and science from 10 days to six
weeks in Grades 3 through 12. His analysis yielded an average effect size of + 0.36 for
student test scores.

Other meta-analysis studies on CAlI in the traditional classroom published
between 1999 and 2003 show small effect sizes. Waxman, Lin, and Michko (2003)
looked at 42 journal article studies of approximately 7,000 students with a mean sample
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size of 184; as a result, 282 effect sizes were calculated from the 42 studies. Most of the
studies included in the synthesis used a quasi-experimental pre- and posttest to examine
the effects of CAI and online activities for students in traditional K-12 education settings.
The authors reported a “small, positive, significant effect on student outcomes when
compared to traditional instruction” (Waxman et al., 2003, p. 11). Concerning the views
and attitudes of students in the blended leaning environment, Waxman et al. (2003)
reported about 57% of the affective outcomes were student attitudes about computers,
and 18% were students’ motivation or self-concept (p. 11).

Akkoyunly and Soylu (2006) gathered data directly from students. They used
open-ended questionnaires, achievement scores, and they kept a record of the amount of
student participation in an online college course. Their study took place in the fall
semester in a college class with 64 student participants. Most of the communication was
carried out online through a forum, while other materials were downloadable from
websites. Students met face-to-face every two weeks. The authors found that students
with low achievement felt their barriers to success were having too little face-to-face time
with the instructors and difficulty with the technology. The students in this study were
completing their online activities away from teacher supervision and without immediate
support. This study made the point that blended learning success depends greatly on the
self-directed ability, motivation, and attitude of the learner.

More recently, in a bold move to push technology on schools, U.S. Secretary of
Education Arne Duncan said on October 2, 2012, that the nation should move as quickly
as possible away from printed textbooks and toward digital ones. In addition, Duncan

claimed that “over the next few years textbooks should be obsolete” (www.foxnews.com/
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politics/2012/10/02/education-chief-duncan-wants-textbooks-to-become-obsolete/). Some
in the education reform movement have welcomed this growth of technology in the
classroom; however, others who have investigated digitally based programs have found
mixed results (Dynarski et al., 2008). In addition, these educators found that various
types of education technology applications like Cognitive Tutor, PLATO, and Larson
Pre-Algebra had minimal effects on math achievement.

Results from this research prompted a review of more contemporary literature
performed by Cheung and Slavin (2011), who set out to find if education technology
applications improved math achievement in K-12 classrooms compared to traditional
teaching methods without education technology. Data from 75 studies including over
56,000 students at the K-12 level revealed a significant, positive effect in math with
educational technology (Cheung & Slavin, 2011, p. 11). Three major categories were
tested for academic achievement outcomes: computer managed learning (CML),
comprehensive models, and supplemental CAI including computer-assisted, computer-
aided, or computer-based instructional technology. Among the three types of educational
technology applications studied, CAI had the largest effect on math achievement, with an
effect size of +0.18 (Cheung & Slavin, 2011, p. 17). Over 70% of all studies researched
by Cheung and Slavin in 2011 fell into the supplemental program category, which
consisted of individual CAI and described programs (as described by the authors) such as
PLATO and Jostens. These programs provided additional instruction at students’
prescribed level of need to supplement traditional classroom instruction (Cheung &

Slavin, 2011, p. 15)
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In The Rise of K-12 Blended Learning, authors Horn and Staker (2011) of the
Innosight Institute, a global strategy and innovation consulting firm committed to
advancing the theory and practice of innovation, profiled 40 blended learning programs
throughout the US. The profiles provided brief case studies of organizations that were
beginning to blend online learning with supervised brick-and-mortar settings (Horn &
Staker, 2011). The following school profiles relate to this study.

Grades 6 through 12: all subjects. Carpe Diem Collegiate High School and
Middle School (CDCHS) was a charter school located in an urban area of Yuma,
Arizona. At the time this study was conducted, the school had been in operation for over
12 years with nearly 300 students learning in Grades 6 through 12. Demographic
information indicated that over 60% of the student population received free or subsidized
reduced lunches. Per pupil spending was $6,639.00 (http://www.carpediemschools.com/).

CDCHS first launched its blended learning program in the 2006-2007 school year
with all core subjects. Technology used in the program included Education2020 with
Acuity for additional testing. Students who attended this school arrived each day to a
building with 300 cubicles and computers housed in a central learning center, similar to
the layout of a call center. Class days consisted of four days from 8:00 a.m. to 4:00 p.m.
Students attended school 145 days per year and received a total of 1,007 hours of
instruction. Typically, there was little or no outside homework. Students blended their
learning by rotating throughout the day between online activities in the learning center
and face-to-face classroom instruction where a coach or teacher retaught, enhanced, or

applied the material introduced online. Each rotation lasted for 55 minutes. Students
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completed the cycle between online and face-to-face instruction two to three times per
day.

Results of this profile found that in 2009, CDCHS ranked first in its county on the
AIMS test in student performance on almost all grade levels and subjects by having at
least 90% of all students passing the test in all subject areas. In 2010, CDCHS ranked
first in Yuma County in student performance in math and reading and ranked among the
top 10% of Arizona charter schools (http://www.innosightinstitute.org/blended-learning-
2/blprofiles-innosight/carpe-diem-collegiate-high-school-and-middle-school-cdchs/).

Grades 5 through 8: math. Los Altos School District, located in a suburban area
of California, launched their blended learning program in the 2010-2011 school year.
Nearly 3% of the student population received free or subsidized reduced lunches and they
had a $9,500.00 per pupil funding allotment (http://www.lasdschools.org/).

Starting with the 2011-2012 school year, the blended learning program expanded
to include all nine schools in the Los Altos School District—all fifth and sixth grade
classrooms, and many seventh and eighth grade math classes, which encompassed over
1,000 students using technology for math instruction and practice.

The technology being used to blend the learning in the Los Altos School District
is the program of the Khan Academy. Blended learning in these math classrooms has
grown over the last few years from a few simple YouTube videos into a fully featured,
interactive educational system that allowed students to learn and measure their progress
at their own pace. As directed by individual teachers, students using this program were
required to spend fixed amounts of time rotating through Khan Academy during their

math period. Students moved through the videos and tutorial lessons and then practiced
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exercises at their own pace. Students received real-time data on performance and were
able to set individual goals that focused on their specific needs; they then worked at their
ability to achieve those goals. This model provided teachers with real-time data on
student achievement, which enabled them to work one-on-one with struggling students
who needed further intervention.

While this profile report is not considered a scientific study, one measure of
success has been the California Standards Test (CST) that Los Altos students in pilot year
one took at the end of the 2010-2011 school year. In two of the seventh grade classrooms
where students did not historically perform well in math, there were significant increases
in CST scores. Forty-one percent of the students were proficient or advanced, compared
to just 23% the prior year. In the fifth grade classrooms, Los Altos students historically
performed quite well and they continued to do so. Over 96% of students in the pilot
classrooms were proficient or advanced, but that is comparable to the non-pilot, district-
wide performance (91%). CST exam results, however, do not tell the whole story,
because the test only measured performance on grade-level skills. Significant benefits in
allowing students to challenge themselves with more advanced topics were also noticed
with this blended learning model using Khan Academy. At the time of this study, the
district was working on how to better evaluate these above-grade-level learning gains
(http://www.innosightinstitute.org/blended-learning-2/blprofiles-innosight/los-altos-
school-district/).

Grades 9 through 12: all subjects. Virtual Opportunities Inside a School
Environment (VOISE) Academy High School was located in the poverty-stricken, crime-
ridden neighborhood of Austin on Chicago’s West Side in Illinois and provided schooling
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for Grades 9 to 12. Almost 100% of these students received free or subsidized reduced
lunches, and of the 500 students, per pupil funding was $7,424.00
(http://www.voiseacademy.org/).

Students attending VOISE often entered ninth grade at the fourth grade reading
level and fifth grade math level. They often found that jumping into the Apex
(personalized digital learning) curriculum was initially too demanding. Thus, the VOISE
model has evolved to provide traditional, teacher-led instruction for roughly 20% of the
learning time, and online learning for the other 80%. VOISE grouped its students by level
to allow teachers to gear the teacher-led instruction time to students at about the same
place in the Apex curriculum. Some teachers used this time to introduce key concepts to
their class before having the students move individually through an online lesson relating
to that topic.

The Apex blended learning environment corresponded to an increase in VOISE’s
freshman on-track rate by 10% each year since the school opened. The freshman on-track
rate was 90% during year three of the blended learning program, which was above
Chicago’s average freshman on-track rate of 69%. This placed VOISE in the top quintile
of Chicago Public Schools high schools (http://www.innosightinstitute.org/blended-
learning-2/blprofiles-innosight/voise-academy-high-school/).

Grade 9: math. The U.S. Department of Education published a report on the
Kentucky Virtual School’s hybrid program in 2012. This hybrid blended learning algebra
program for algebra I combined the best features of online and traditional teaching to
promote active learning (U.S. Department of Education, 2012, p. vii). The intent-to-treat

sample consisted of all ninth grade students in treatment and control schools enrolled on
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September 1, 2007. The study enrolled 25 schools in school the 2007-2008 school year
(13 treatment and 12 control) and 22 schools (11 treatment and 11 control) in the 2008-
2009 school year. The intervention was applied in one school year and evaluated the next
fall. The course was structured with 60% face-to-face teaching and 40% use of online
resources. The algebra I program prescribed a standard three-part procedure for each
lesson. Each lesson began with an activity that activated prior knowledge associated with
the day’s lesson, and could consist of whole group, small group, or individual work. The
second stage introduced new learning, which could include face-to-face or online
activities. The final stage was lesson closure, which was designed to have students reflect
on their learning by processing information by writing to retain new information.
Teachers also used reflection as a formative assessment tool. Cavalluzzo et al. (2012)
reported there was no statistically significant main effect of the treatment in the overall
sample for performance on the pre-algebra/algebra PLAN test in the fall of 10th grade
math. The test results were obtained through the ACT for 10th grade students—a test
between the eighth grade EXPLORE test and the usually 11th grade ACT test, but in this
case, the 11th grade SAT test. In addition to the intervention, information was collected
from teacher surveys and classroom observations. This information was used to describe
the extent to which the intervention was being implemented. Lack of significant effects
was the result of confounding, uncontrollable limitations of the study.

In other studies, a worldwide trend has developed with technology in schools.
There have been several laptop initiatives to increase student achievement in many
countries including Australia, Canada, France, and New Zealand (Rosen & Beck-Hill,

2012). The ideas for technology-rich environments for learners have inspired educational
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stakeholders in the US to implement a similar program. Currently, the US has added a
laptop program to 500 schools (Rosen & Beck-Hill, 2012). In an article published in the
Journal of Research on Technology in Education, Rosen and Beck-Hill (2012) reported
on a study of 476 fourth and fifth grade students from four elementary schools in the
Dallas, Texas area. The researchers chose to use two experimental schools and two
control schools that were demographically matched. The experimental school used
technology and the control school used traditional face-to-face teaching methods. The
researchers studied their participants during the second year of the program
implementation. Their findings showed that learning with technology significantly
increased learning achievement. In addition, the study revealed that the technology
promoted differentiated learning in the classrooms by effectively implementing a
constructivist technology-enriched method. The study also found that more teacher-
student interaction occurred by blending technology into the teaching methods (Rosen &
Beck-Hill, 2012, p. 236).
Summary

A number of reports from community colleges and the U.S. Department of
Education reveal that too many students are graduating from high school without the
math skills they need to be considered college ready. As a result, many of these students
are forced to take several semesters of developmental math before they are accepted into
college math. The literature reviewed in this chapter addressed technology as an
intervention in the classroom. The ISTE program challenged teachers to think about the
technology skills and knowledge students would need in an increasingly tech savvy world
(Niess et al., 2008, p. 6). In 1996, President Clinton addressed the need for computers for
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all students. Arizona Superintendent Mr. Huppenthal confirmed that students need to be
technologically savvy. In 2002, NETS-T released its teaching standards (ISTE, 2002).
After some time, researchers found that teachers were not implementing the standards
because they did not know how to do so. With increasing knowledge of this fact, leading
educators created a model to assist teachers. A model for integrating technology into
existing pedagogy and content knowledge—or TPACK—presented a framework that
viewed teachers’ knowledge as a necessary consideration for designing curriculum and
instruction that focused on preparing students to think of and learn about math with
digital technologies (Niess et al., 2008). Through the framework provided by TPACK
and the standards set forth by ISTE and NCTM, a growing conversation ensued about the
need for teachers to successfully implement technology into the math curriculum. A
review of the current literature found that, depending on the environment, technology
often increased student achievement. Finding the right blend of teaching methodologies
within the math curriculum is the focus of this study.

As an addition to traditional instruction, CAI can offer better teaching strategies at
the individual level. Unlike group instruction, the pace is tailored to the individual
student. Unlike textbooks, interactive engagement occurs. This study set out to find an
appropriate blend of teaching methodologies by using different levels of technology for
different groups of students in math classes at an Arizona high school. Chapter 3 outlines
the methodology used to examine the impact of participation in a technology-infused,

blended learning environment with struggling math learners at the ninth grade level.
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Chapter 3
Research Methods

This study assessed low-level secondary math students in one high school in
Maricopa County in Arizona. The study included three classes, with teaching methods
that did not utilize any blended technology as well as methods that included blended
technology in the math curriculum. The aim of this study was to assess the academic
outcomes of each class to find the impact of technology on academic success.
Additionally, I investigated what these students thought and felt about technology being
blended into the curriculum as an intervention in their math class.

This study focused on three groups of students who learned the same information
using three different methods (see Table 2). Teachers will be introduced in the discussion
of Liberty High School. Each group took a pretest before being taught and a posttest after
being taught. Outcomes were measured by student academic achievement. Comparing the
mean test scores before (pretest) and after (posttest) the students completed a math
course. The objective was to determine if the intervention improved students’ scores on
the test. Data collection consisted of a mixed-methods approach. The mixed-methods
design allowed for the use of descriptive statistics for the quantitative analysis (Fraenkel
& Wallen, 2006) as well as open coding through a grounded theory approach for
qualitative analysis (Auerbauch & Silverstein, 2003; Corbin & Strauss, 2008).

Table 2

The Class, Teacher, and Type of Instruction for the Classes Used in the Study

Class Class 1 Class 2 Class 3
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Teacher Mrs. Jaycee Mrs. Jaycee Mr. Holiday

Instruction Type | Computer-aided | Add-on Tutorials Traditional
Instruction

Research Questions
This study seeks to answer two main questions:
1. What is the impact of using technology as a teaching method on math
achievement for low achieving ninth grade students?
2. How do students feel about technology as an instructional method in their math
class?
Restatement of the Problem
Too many American students are graduating from high school without the math
skills they need to be considered college ready. For those graduates who find themselves
starting their higher education at community college, remedial math has become an
insurmountable barrier that has sometimes ended their aspirations for a degree or
certificate due to the requirement of completion of a college-level math course. Some
students must take as many as four remedial courses before they are considered college
ready. Members of The National Center for Public Policy and Higher Education, and the
Southern Regional Education Board (2010) found that as many as 75% of incoming
college freshmen need remedial work. In some community colleges, more than 90% of
students who entered the school were deemed insufficiently prepared to start college-
level work (Kerrigan & Slater, 2010). Math, in particular, appears to be a nearly
insurmountable barrier for a large proportion of the community college student

population (Achieving the Dream, 2006c).

43



Background

Some students who have been struggling with math have experienced years of
failure and frustration by the time they receive an intervention. These struggling learners
may benefit from early interventions aimed at improving their math ability and ultimately
preventing subsequent failure. Some instructional approaches such as direct instruction
attempt to overcome this problem by using placement tests to form homogeneous groups
in an attempt to ensure that everyone in the group is an average learner (Slocum, 2004).
However, when students are still struggling at the high school level, then other options
must be utilized. Trends in literature on the issue indicated that the following intervention
strategies were helpful: scripted instructional sequences, fill-in-the-blank over multiple-
choice exercises, and utilizing a high number of practice items (Johnson & Rubin, 2011).
Gersten, Jordan, and Flojo (2005) also reported that students found the following
teaching methods helpful: provided detailed, systematic, explicit instructions; used visual
representation such as manipulatives, pictures, and graphs; provided peer-assisted
instruction; and used ongoing, formative assessments.

The International Association for kindergarten through 12th grade (K-12) online-
learning supported that blended learning (combining online delivery of educational
content with the best features of classroom interaction and live instruction to personalize
learning) increased student achievement. By implementing this method as an intervention
with two groups, | attempted to find the best possible blend of traditional instruction and
technology for these low-skilled ninth grade students. The intervention was measured

based on progress (pre- and posttest) and grade-level achievement (district benchmark).
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Research Design and Procedures

Overview. Today’s digital native students expect their learning environment to
include technology because it is an intrinsic part of their lives. Market research analysis
by The NPD Group (https://www.npd.com/wps/portal/ npd/us/news/press-releases/more-
than-400-million-devices-are-connected-in-us-homes-according-to-the-npd-group)
indicated that there are 425 million devices connected to the Internet in U.S. homes for
approximately 311 million people. The National Center for Education Statistics estimated
that the average school has one Internet-connected computer for every three students, up
from one computer for every seven student in 2007 (http://nces.ed.gov/programs/digest/
d11/tables/dt11 109.asp); three decades prior, there was one computer for every 125
students (Christensen, Horn, & Johnson, 2008). Some schools now have a laptop for
every child, and if a $100 laptop becomes a reality, then they will likely be everywhere.
Over the decades leading up to this study, schools spent well over $60 billion in
equipping classrooms with computers (Christensen et al., 2008, p. 81). For students who
are comfortable using a computer, computer-aided instruction (CAI) is much like a one-
on-one teacher and can offer personalized instruction. For students who struggle with
homework problems, Internet-based tutorials give some relief. This study set out to find
if a blended learning environment would impact math achievement scores with the
population of ninth grade students used for the study.

Three Foundations of Algebra classes with two different teachers were studied.
Class 1 received CAI, while tutorials were added to Class 2 with the same teacher. Class
3, taught by a different teacher, learned by traditional, face-to-face instruction with very
little technology. The classes ranged in size from 32 to 34 students. All three classes were
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administered a pretest to measure prior knowledge and a posttest to measure knowledge
gained over the study. I observed the implementation of the instruction, took field notes,
spoke with students, and analyzed their test scores. The math curriculum in Class 1 and
Class 2 had technology for the first quarter of the school year. Students who started at
this Foundations of Algebra level were required to take two semesters of elective credit
math with the same teacher, which allowed some flexibility in pacing. Instead of this
study taking the nine weeks that was originally estimated, it actually took 12 weeks to
complete the first quarter. Students were tested for academic and affective outcomes
during the fall of the 2012-2013 school year (see Figure 4 for the visual overview of the

design plan). Students were taught and tested and academic outcomes were analyzed.

Tutorials
N Benchmark
Traditional Test

"

Figure 4. The research design overview used for the study that includes teaching, testing,
and outcomes.

Location. This study took place in Arizona. With a population of 6.4 million

residents, Arizona is home to a diverse high school population. The high school chosen
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for this study is located in Maricopa County, Arizona, which has a population of
approximately 3.8 million citizens (U.S. Census Bureau, 2010b). Liberty High School is
one of seven high schools in the Peoria Unified School District, located in the city of
Peoria. According to the 2010 Census Bureau, the population of Peoria is 154,000.
Demographically, the population of Peoria is 85% Caucasian, 3% African American, less
than 1% Native American, 2% Asian, and 8% other race. A further delineation ethnically
identifies Hispanic origins in approximately 18% of the population (www.clrsearch.com/
Peoria-Demographics/AZ/Population-by-Race-and-Ethnicity). The average median
household income in 2009 was $61,000 and the average home costs approximately
$198,000 (http://www.city- data.com/city/Peoria-Arizona.html).

Liberty High School. Liberty High School was chosen for this study based
largely on the school’s demographics (see Table 3). Additionally, I hypothesized that this
student population would be the most likely to have access to a computer at home, would
be somewhat tech savvy, and that they would be the most likely to bring their own small
version of earbud headphones, which would make working on the computer during class
time more personalized for them.

Liberty High School had a student population of 1,772 students, with 471 in the
ninth grade (see Table 3 for ethnicity breakdown). Students were 51% male and 49%
female. Only 2% received 504 accommodations (a legal document that outlines a plan of
instructional services for students in the general education setting), 10% received special
education services, none were considered economically disadvantaged, and 0.2%

received English Language Learning services.
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Table 3

The Ethnicity of the Sample School Population for the 2011-2012 School Year According

to Grade Level

Grade | Asian African Hispanic | Native Caucasian Total
American American
9th 2% (10) | 1% (7) 15% (71) | 0.8% (4) | 80% (379) | 471

10th | 2% (11) | 5% (22) | 10% (51) | 0.4% (2) | 82% (389) | 475

11th | 2% (10) | 2% (8) | 14% (67) | 0.2% (1) | 81% (376) | 462

12th | 2% (8) |3%(10) |10% (36) |0.4% (2) | 85% (308) | 364

Total | 2% (39) | 3% (47) | 13% (225) | 0.5% (9) | 82% (1452) | 1772

Students for this study were recruited (see Appendix B) from Liberty High School’s ninth
grade student population, and the students were presorted for the Foundations of Algebra
math classes using a rubric (see Appendix C).

This excelling school reported an 88% pass rate for first-time testers in the area of
math on Arizona Instrument to Measure Standards (AIMS)—the Arizona state
competency test—an average math score on the standardized test for college admissions
(SAT) of 548, and an average math score on the American College Test (ACT) of 20.93
(see Table 4).

Table 4

Liberty High School Math Scores in 2011

Test Average Score | Possible Score

ACT 20.9 36
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58%

AIMS | 88% PASS RATE 100%

SAT 548 1600

34%

Since the high school’s inception in 2006, five years of trend data suggested a
25% failure rate among incoming freshmen in the area of math (freshmen demographics
can be found in Table 3). In addition to the demographics, this school was chosen
because of the CAI pilot program that occurred on their campus and due to the number of
students who entered the school with low math scores, which meant they could be evenly
placed into Foundations of Algebra classes, of which three out of four were involved in
the study.

Instructors. Two teachers were involved in this study: Mrs. Jaycee and Mr.
Holiday (Mrs. Jaycee’s name is a pseudonym to protect her identity; Mr. Holiday
permitted the use of his real name). Both teachers were highly qualified by the state of
Arizona to teach secondary math. They instructed the same subject and grade level;
however, their method of delivery was different. They planned together, graded together,
and both offered tutoring sessions before and after school to support their students.

Mrs. Jaycee. Mrs. Jaycee is a veteran teacher who possesses deep knowledge of
remedial math education and expressed a sincere appreciation for students with deficits in
their learning. She earned a bachelor’s degree in education and a master’s degree in
administration. Mrs. Jaycee was highly qualified to teach math as measured by the

Arizona Educator Proficiency Assessment Test (AEPA). To her students and her
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classroom, she brought the benefit of her wisdom from parenting three children and from
over 30 years of teaching experience. Mrs. Jaycee is a singer and guitarist who
incorporated music into her instruction to emphasize sequential skill development and
musical games involving rhythm and pitch to increase student knowledge. She stayed
current with state standards by serving as a member of the district math curriculum
writing committee and she implemented the Common Core State Standards (CCSS) into
her curriculum. As a master teacher of math, social studies, and science, she understood
and related how math fit into all areas, which allowed students to grasp the larger context
for math while endeavoring to accommodate and assimilate new information.

Mr. Holiday. A recent graduate from the College of Education at Siena Heights
University in Adran, Michigan, Mr. Holiday was named to the Dean’s List six times and
the Academic Achievement List one time. In addition to this, he was named an Academic
All-American three times for his abilities on the baseball field and his academic
achievement in the classroom. His expertise was in the area of building relationships with
students due to his natural ability to work with children. At the time of the study, he was
a new teacher with only one year of teaching experience, and he planned to coach the
Liberty High School’s baseball team when the season opened.

The student participant population sample: sorting students for the
Foundations of Algebra classes. The members of the incoming freshman class for the
2012-2013 school year were assigned classes according to their skill level. Eighth grade
teachers from the feeder schools along with high school teachers and high school
counselors met to discuss the placement of all arriving freshmen. A rubric (see Appendix
C) with AIMS test scores along with eighth grade final grades and teacher
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recommendation were considered when placing students. These incoming freshmen were
placed into four Foundations of Algebra classes (see Table 5) along with other students
who received special services (whom were not part of this study). In total, there were 130
students placed in the Foundations of Algebra classes. This study compared the outcomes
of 3 of those classes. Classes studied were similar and comparable based on skill (which
was confirmed by the pretest given within the first week of school).

This study included general education students only and did not include students
who received special services. Within the four Foundations of Algebra classes there were
108 total general education students. Within the three sections included in this study,
there were 88 students solicited but two were moved to a higher-level class after the
pretest revealed their ability to perform on grade level. As a result, 86 students were
given the opportunity to participate in this study. From the 86 eligible to participate, 76
students actually returned their parent signed permission slips. I studied the data from 76
students.

Permission to collect data. A parental letter of consent (see Appendix D) was
given to each student participant. The letter included a statement that would allow
students to withdraw from the study at any time. In addition, this consent allowed me to
view each participant’s data at any time without discomfort to the participant. After the
letter was signed and received from the parents, students were asked for their consent by
signing and returning a student consent form (see Appendix E), which allowed me to
view their math data and allowed them to possibly be chosen for a focus group.

Table 5
Liberty High School Foundations of Algebra Students Solicited for Study
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Classroom
Description

Total Enrolled

Total Solicited

Total permission
slips returned

Class 1

34

24

19

(Traditional plus
2.0 CAI blended)

Class 2 32 32 30
(Traditional plus
Tutorial blend)

Class 3 34 32 27
(Traditional/face-
to-face)

Class 4 30 0 0
(Traditional/not
used in study)

Totals 130 88 76

Classes

Mrs. Jaycee taught Class 1 and Class 2 while Mr. Holiday taught Class 3 as well
as the fourth class. I studied three out of four of these math classes. My intention was to
study three classes taught by one teacher, however, near the start of the study, the
principal of this school decided to split the classes up between two teachers to create a
Professional Learning Community (PLC).

Class 1. Class 1 was held in Mrs. Jaycee’s classroom, which had 10 desktop
computers lining two sides of the classroom—five on each side. By having the computers
in the classroom, students were able to maximize the time they spent on the task while
receiving CAI Catchup Math and CAI blended instruction was designed for
implementation in Class 1 only. This class was blended using the rotation model whereby
students rotated around separate stations. The plan was for students in Class 1 to spend

the first 20 to 30 minutes receiving the day’s lesson (traditional face-to-face teaching).
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Next, students rotated through four stations: (a) Catchup Math for the CAI component,
(b) small group instruction with the teacher, (c) bell work and menus or choice boards
where students worked collaboratively on projects, and (d) homework help with peer
tutoring. Several weeks into the study, after the teacher was able to get to know each
student by name, student rotation was moved from random sorting to teacher-selected
groups, which helped to better assist students. Upon entering the classroom, students
knew at which station to sit. Eventually, they got started on their own to maximize time
spent on a task. There were four groups: two groups of nine and two groups of eight for a
total of 34 students; I received permission slips to study 19 of the students. Students put
their CAI username and password into their cell phone to ensure that they had it anytime
they needed it.

Class 2. Class 2 was held in Mrs. Jaycee’s classroom and was taught by
traditional means with the addition of online math tutorials via an LCD projector and a
computer with Internet access. Internet sites such as Kahn Academy were added onto
most lessons and additional instructions on how to view them at home were provided. In
addition, during two lessons per month, class was held in the computer lab and students
were given a website with a tutorial and instructed to teach themselves. Lesson closure by
the teacher included review of content and of correct answers.

Class 3. Class 3 was held in Mr. Holiday’s classroom and instruction was taught
in a traditional face-to-face manner with very little technology support.

Description of classes. The students in all three classes were observed during the
first quarter, which accounted for approximately 12 weeks of the school year. One

teacher was in charge of Class 1 and Class 2, and the other teacher was in charge of Class
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3. Students were placed in their semester-long class on the first day of school and each
class period consisted of a 90-minute teaching block. Within the first week of school, all
students were given a pretest to ensure correct placement. The pretest added internal
validity to the study because the ability and knowledge of math concepts could be
determined and used as a baseline. The establishment of a baseline assisted in figuring
out which group actually had the largest gain in scores at the end of the study. Students
were given the entire class period to finish the pretest. If students passed a predetermined
scoring benchmark, then they moved up and were placed in the algebra I elective credit
class. During the 12 weeks of the study that followed the pretest, all the students were
exposed to the same math concepts. All classes used the same curriculum in the form of
district pacing guide (see Appendix F), which was supplemented with a textbook,
worksheets, and other materials.
Supplemental Materials

The eighth grade Glencoe Pre-Algebra book was used for all three classes
(www.pre-alg.com). The textbook was adopted in 2004, and it was field-tested during the
2001-2002 school year. One main reason for adopting this textbook was due to the
variety of technology tools that were included. DVDs were available with engaging
videos that showed how math can be implemented in real-life situations. Also included
were mind jogger video quizzes that included chapter-by-chapter review sessions in a
game show format to make reviewing material more interesting and active.

PowerPoint presentations in chapter format were included to interactively teach
each skill. Workbooks, enrichments, remediation worksheets, vocabulary building along
with tests and reviews, study guides, practice tests, end-of-chapter tests, mid-chapter
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tests, S-minute checks for bell work, and access to the book online with enhancements
such as brain-pop videos with short quizzes were also available. The textbook adoption
included online Internet tools such as, www.pre-alg.com/webquest, www.pre-alg.com/
extra_examples, www.pre-alg.com/self check quiz, www.pre-alg.com/
vocabulary review, www.pre-alg.com/chapter test, www.pre-alg.com/standardized test,
www.pre-alg.com/careers, and www.pre-alg.com/other calculator keystrokes. In
addition to the Internet tools, the textbook chapters used during this study included:
Chapter 1: Expressions
Decimals, variable expressions, properties, ordered pairs, scatter plots.
Chapter 2: Integers
Absolute value, +, -, X, / integers, coordinate system.
Chapter 3: Equations
Distributive property, solving equations by +, -, X, /, write two-step
equations, use formulas.
Chapter 4: Factors and Fractions
Factors, monomials, powers, exponents, GCF, simplifying algebraic
fractions, multiplying and dividing monomials, negative exponents, and
divisibility shortcuts.
Chapter 5: Rational Numbers (Fractions)
Writing fractions as decimals +, -, x, /, rational numbers, LCM, +, - unlike
fractions, solving equations with fractions; multi-step fraction equations.
Students in this study were taught these five chapters and were tested several

times during the semester over the material in the chapters. The teachers in this study
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were involved in a PLC, which allowed them time to plan lessons together and compare
student outcomes on quizzes and chapter tests for the purpose of changing practice.
However, the way in which the math concepts are taught remained different for each
group or class.

Instruments

Pre- and posttest. Prior to the start of the study, the teachers administered a
pretest to all participating students to determine prior knowledge of seventh and eighth
grade math skills. The Liberty High School math department created the paper and pencil
assessment. The pretest was made up of 40 multiple-choice questions (see Appendix G).
This test was used to measure student achievement to ensure that students were sorted
correctly and evenly across all four Foundation of Algebra classes. The same test was
used for the posttest. From the 40 items on each pre- and posttest, the instructors used the
first 20 items on the pretest to determine whether incoming students had adequate
preparation to enroll in the next level course or to stay in the class in which they were
placed. Three students were moved to the next course and their pretest scores were
removed from the data. I studied outcomes on 19 students in the CAI class (Class 1), 30
students in the add-on tutorial class (Class 2), and 27 students in the traditional class
(Class 3).

District benchmark test. The purpose of analyzing the Foundations of Algebra
benchmark test was to obtain clarity of where these students were in relationship to
course outcomes and in addition to personal growth from the pretest to the posttest. The
test covered math skills from Grade 6 to Grade 8. Students needed foundational skills
from Grade 3 through Grade 5 to be able to solve these problems. A committee of highly
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qualified math teachers created the many-question test bank to correlate with the district
pacing guide (see Appendix F). These multiple-choice questions were placed into a
testing bank. The test had questions that were pulled from the test bank each year. There
were approximately 30 to 35 questions on the test. This test was given in the 12th week
of the fall semester. The grade that each student received on this test was recorded and
placed into the Internet-based teacher grade book for the first quarter. The score on this
test was calculated into the final quarter math grade for each student.
Technology

Literature indicates that technology-filled learning has had an impact on the
learning environment. [ believe that learning that incorporates technology has tremendous
potential in the way it could revolutionize learning for developmental learners, and
through much research, I found that curriculum that incorporates technology has rapidly
evolved into a concept of blended learning. As the name suggests, blended learning
blends online learning with methods that are more traditional. By integrating teacher
knowledge of technology, content, and a computer, tailored learning is the most logical
and natural solution to the challenges that face struggling math learners. Technological
pedagogical content knowledge (TPACK) and blended learning represent an opportunity
to integrate the innovative and technological advances offered by online learning while
continuing to have interactions with the teacher and participation with other learners.

Catchup Math: CAI intervention used in the study (Class 1). Online math CAI
products can be a significant component of math class review or remediation programs.
The entirely online, web-based program Catchup Math (catchupmath.com) was chosen

for this study because it contained the components needed to influence student
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achievement in secondary math. Those components being: (a) an intervention providing
supplemental and differential instruction and practice in the skills most needed, (b) a
multi-modal presentation of lesson material to enhance learning, and (c) ability to work
out solutions to develop problem-solving skills. The program aligned well with the study
because it adhered to The CCSS and standards of the National Council of Teachers of
Mathematics (NCTM) and due to evidence that students who diligently used this program
showed large knowledge gains in short amounts of time (catchupmath.com).

Program effectiveness as a remediation tool for struggling learners is proven
through research. An analysis conducted by Dr. Sarah Chance, Director of Research at
Chance Consulting, collected data in a nationwide study during the 2010-2011 school
year by testing growth of students who used catchupmath.com. Data included 20,000
individual pre- and posttest scores. Results indicated that students with an average failing
grade of 40% were able to improve their scores by 38% to an average passing score of
78%. Furthermore, the transition from failing to passing a section corresponding to one-
sixth of a full math course was achieved in 3.7 sessions—a short amount of time in the
context of math instruction. In addition, usage history at Catchup Math showed that
students using the program two to three times per week completed a full course review in
seven to eight weeks on average. In addition to reporting success, a press release by
Catchupmath.com dated April 25, 2012, announced that it would allow schools and
students to use its most popular basic programs for free. The program needed and used
for this study was Essentials, which was one of the programs offered by Catchup Math at

no cost.
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Essentials is a web-based resource that operates on PC and Mac computers
connected to the Internet using any popular modern browser. Adobe Flash Player version
8.0 or higher was required. Students logged on at school, at home, or anywhere that they
had access to a computer and the Internet. This easy-to-use, flexible, self-paced, and
engaging program’s primary function was to remediate students experiencing difficulty
with math concepts and skills. Topics for this study included math skills through seventh
grade to help struggling secondary students get caught up so that they could achieve
personal success in math. The teacher also wove eighth and ninth grade math concepts
into the curriculum to meet state standards and grade level success. Students took an
Internet-based pretest to diagnose level of proficiency, then, immediately after the test,
they were assigned review topics based on their performance. Students were only
assigned topics they needed to learn and were prepared to learn. Students were able to
take quizzes that determined learning gaps and then they received individualized
instruction on those gaps. The quizzes were set at a 70% must-pass rate. In addition, the
choice of dozens of multi-model basic math lessons that contain video lessons, activities,
skills builders, math games, and more meant that students were able to choose activities
that reflected their preferred learning method.

Catchup Math Essentials overview. The Catchup Math Essentials Proficiency
Program used for this study reviewed the course content covered through seventh grade
math textbooks and was divided into six sequential sections. Pretests that resembled
quizzes were given for each section, and students were assigned lessons based on
incorrect answers. Students were given several choices in how they preferred to learn

based on their specific learning style. Lessons were offered via text lessons, videos,
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activities, and practice problems with tutorial solutions. A student took quizzes

repeatedly and received lesson prescriptions until the student passed each section.

Teachers reviewed student work written on the online whiteboard and that written work

gave insight into student thinking. The Essentials sections presented material in the

following order and included activities that built on the preceding sections’ activities, as

described here:

1.

Adding and subtracting decimals, adding and subtracting fractions, adding
and subtracting negatives, basic operations, converting fractions to
decimals, equivalent fractions, integers, least common denominator, mean,
median, and mode.

Adding and subtracting decimals, adding and subtracting fractions, adding
and subtracting negatives, basic operations, converting fractions to
decimals, irrational numbers, least common denominator, mixed numbers,
order of operations, percent and decimals, simplest form of a fraction,
square, square roots.

Adding and subtracting fractions, adding and subtracting negatives, basic
operations, comparing fractions, converting fractions to decimals,
exponents, greatest common factors, improper fractions, least common
denominator mixed numbers, multiplying and dividing with negatives,
order of operations, percent, prime factorization, simplest form of a
fraction.

Distributive property, dividing by a fraction, exponents, multiplying a
fraction by a fraction, prime and composite numbers, quadrants, range of
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data, reciprocals, simplest form of a fraction, solving equations, variables,
and word problems.

5. Adding and subtracting fractions, dividing by a fraction, divisibility tests,
graphing on a coordinate plane, least common denominator, median,
mixed numbers, multiplying a fraction by an integer, percent, prime
factorization, rounding numbers, simplest form of a fraction.

6. Dividing by a fraction, least common denominator, mixed numbers,
multiplying a fraction by an integer, multiplying and dividing with
decimals, multiplying and dividing with negatives, percentage, rate, and
ratio, simple interest, simplest form of a fraction, square, square roots.

Mrs. Jaycee used an online administrative page for tracking student effort and
progress. The administrative page enabled her to view the class as a whole or sort by quiz
grade, login, work time, etc. Graphs were created to illustrate general progress of students
through assigned problems and to show which lessons were most frequently prescribed so
that the teacher could target reteaching lessons or offer one-to-one tutoring on an
individual basis. For each student, an individual report card was generated and sent home
for parent signature on a biweekly basis. Mrs. Jaycee constantly monitored each student’s
effort and progress.

History of Catchup Math. Developed by Hotmath, Inc., Catchup Math is an
online review and remediation service created for secondary math students. Established
in 2000 by a team of math teachers, math professors, educators, and technology
developers, Hotmath, Inc., was developed to provide timely help to students struggling
with math. At the time of this study, Hotmath, Inc., was reportedly used in more than
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10,000 schools and colleges nationwide to provide supplemental support to students
(catchupmath.com). Catchup Math was introduced as part of Hotmath, Inc., to meet the
growing need for interventions to help overcome difficulties with algebra, which
stemmed from insufficient preparation and a need for additional instruction on
challenging concepts or skills. Catchup Math has been assisting students in math since
2009.

Math tutorials: intervention used in the study (Class 2). Unlike CAI, tutorials
were designed to produce high-quality video lessons for the most important concepts that
a student needs to learn. They presented clear explanations in a fun and friendly manner
to engage the learner. Tutorials were interesting, and they were accessible through the
Internet with the use of any search engine. Instead of looking through a math textbook for
a specific skill, students were able to search for a needed skill online and chose the
tutorial that best fit their learning style to suit their needs and help them grasp a particular
concept. Many free, open source math tutorials were implemented as an intervention to
augment classroom instruction and to enrich and engage students in Class 2 (see
Appendix A).

Tutorial example: Kahn Academy. Former successful American hedge fund
manager and innovator Salman Khan has been assisting students by being a one-on-one
teacher in online tutorials. Mr. Kahn is a graduate of Massachusetts Institute of
Technology (MIT) who holds degrees in math, electrical engineering, and computer
science with a master’s degree from Harvard in business administration. He has helped
countless people worldwide by creating and posting tutorials online for all to view. He

founded the Khan Academy (khanacademy.org), which is a free online educational outlet
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with more than 3,000 tutorial videos designed to instruct those who need assistance
outside of the classroom, and in addition is a resource for teachers to use in the classroom
with their students. The vision for Khan Academy includes: (a) individualized learning
by replacing one-size-fits-all lectures with self-paced learning and (b) taking a mastery-
based approach to learning critical knowledge and skills whereby every student takes as
long as he or she needs to learn and master each concept fully. Kahn Academy tutorials
and other Internet-based tutorials were blended into the curriculum of Class 2 in this
study to support and enrich lessons. Students who struggled with the day’s lesson and
who did not have appropriate notes to rely on were encouraged to view the tutorial again
at home.

When technology was available, these students were able to access a tutorial
online to receive needed information about concepts with which they struggled. These
tutorials were personalized because the student watched it whenever he or she wanted
and as many times as needed. The tutorial acted much like a personal tutor to assist the
student with his or her math homework by using short bursts of systematic procedures to
solve problems.

Data Sources and Collection

Quantitative: pre- and posttest. The following research question was used to
guide the collection of quantitative data:

Research Question 1: What is the impact of using technology as a teaching

method on math achievement for low achieving ninth grade students?

[ utilized quantitative data to address the first research question. In order to ensure

the treatment and control groups were equal in regard to their academic math skills, I was

63



provided presorted students based on current AIMS labeling data and other testing
criteria in the area of math from prior school years for each student in all three classes
(see Appendix C). A pretest was administered and provided evidence of students’
preexisting knowledge before treatment. This data was analyzed as soon as it was made
available to ensure equal placement of students. Next, a blended learning experience was
administered while the traditional face-to-face learning experience in Class 3 remained
stable. Math teachers in the Peoria Unified School District (where Liberty High School is
located) created the instrument used to measure student academic achievement. This
benchmark common assessment was designed to measure a student’s level of proficiency
for first quarter state standards at the Foundations of Algebra level. A pretest was given
within the first week of school in the fall 2012 semester and the posttest was given at the
end of the first quarter approximately 12 weeks later.

Qualitative: focus groups. The following research question was used to guide
the collection of qualitative data:

Research Question 2: How do students feel about technology as an instructional
method in their math class?

A good way to find out about student’s perceptions is to ask them. I utilized
qualitative data (gathered via focus group) to address the research question. In order to
ensure that the treatment groups and control group were equal, a random sample of five
students was pulled from each class. A total of three focus groups were conducted near
the end of the study during week nine. By that time, the students receiving the technology
interventions had some experience with the curriculum. The conversations were led in a

relaxed, open dialogue style so that the students would not assume that I was looking for
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particular answers to any of the questions. Utilizing groups instead of one-to-one
interviewing was chosen as a method that could most contribute to student comfort. I
conducted post lesson focus groups with five students at a time on the day following a
lesson. The focus group sessions were audio taped using an iPad and the Notability app;
the recordings were then transcribed. The focus groups took place in the school’s library
with other professionals observing the group to ensure the emotional safety of students.
The focus groups lasted approximately 30 minutes each. The final selection of focus
group participants occurred through a random, stratified sample that selected five
students from each of the three classes.

The randomized selection was done using Smart Notebook version 10. To sort the
students, [ utilized the Gallery Essentials tab and then clicked on Lesson Activity toolkit.
Next, I clicked on the interactive and multimedia tab. I scrolled down to random group
picker (text). I typed the name of each of the students for whom I had a returned form
signed by their parent. I selected the option to generate two groups with five members.
This tool sorted the students into groups of five. I chose the first group of five for my
focus group. The second group of five was kept for my substitute group. This was done
for each class.

Focus group questions were semi-structured and recorded. A transcript was
created from the recording. The recording and any identifying student information were
destroyed immediately upon completion of the study. Focus group questions can be
found in Table 6.

Table 6
Focus Group Questions
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Question | Question
number
1. What do you think you learned from the lesson on comparing decimals and
fractions?
2. How did you learn the material from the lesson on comparing decimals and
fractions?
3. What do you do at home to support your math homework?
4. What do you think about your math class this year compared with your math
class last year?
5. What do you like or dislike about this year’s class?

Researcher Bias
To be clear on how my past experience may inform how I approach the study, I
disclose that I was a former math teacher in the Peoria Unified School District. I have
never worked at Liberty High School, nor do I know any of the students at Liberty High
School. This allowed me to conduct the study without any undue bias.
Reliability and Validity
In order to ensure reliability and validity with this study, it was necessary to
employ triangulation of multiple data sources along with test scores, focus groups, field
notes, and observations to measure the research questions. This was a mixed-methods
study; therefore, both quantitative and qualitative methods were used.
Data Analysis
Quantitative analysis. The quantitative data was analyzed in an attempt to
answer the following research question:
Research Question 1: What is the impact of using technology as a teaching

method on math achievement for low achieving ninth grade students?
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The study design included the recruitment of students. These students were sorted
into three groups. Each student was allocated to one and only one group. Each of the
three groups was given different learning conditions. Each group received the same
outcome measure (dependent variable). The study design is illustrated schematically in
Figure 5 below.

Treatment

Groups
Handom\ sorted students !
y CAl
Classi'
c Different participants
Tutorials Same subject
Class 2 i Same dependent variable measured
Original group of individual Traditional .
participants Class 3
|

Figure 5. The study design of participants split into three smaller groups.

To answer Research Question 1, [ used a mixed factorial design, in which there is
more than one treatment factor being explored. This factorial design is a 3 x 2 design (see
Table 7). The three indicates that there are three levels of one grouping factor (Class 1,
Class 2, and Class 3). The two indicates that there are two levels of the other grouping
factor (pre- and posttest).

Table 7

A 3 x 2 Subject Design

Classroom Description Pretest | Posttest
Score Score

Class 1 (Traditional plus 2.0 CAI blended) 43.579 | 71.263

Class 2 (Traditional plus Tutorial blend) 42.867 | 68.966
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Class 3 (Traditional/face-to-face) 44.185 69.000

I used this design to look for the group’s posttest score to stand out. It is the posttest
scores between the groups that is important to see, and which are the foci of this study.

A one-way analysis of variance (ANOVA) was used because there are three
independent variables (classes) influencing one dependent variable (test scores). One
factor is the intervention and the second factor is the test. I measured each group twice
(pre- and posttest). The one-way ANOVA was used to determine if there were any
significant differences in achievement between the means of the three independent
groups. If a significant difference had been found between groups, post hoc tests would
have been run to specify which groups were significantly different from each other and
which were not.

In addition, to stay abreast of student progress throughout the study, field notes
were taken based on observations to help explain possible variances between classes for
possible use on the posttest and benchmark test outcome analysis.

Qualitative analysis. The qualitative data was analyzed in an attempt to answer
the following research question:

Research Question 2: How do students feel about technology as an instructional
method in their math class?

In order to understand students’ perceptions about technology use in their math
class, focus groups were conducted and audio taped. Randomly selected students

conveyed their opinions and attitudes about technology in math class while speaking with
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me in an interview setting. The audio files of the interviews were downloaded and then
transcribed.

Upon reading each transcript, data were coded and categories were created for
discussion topics that came up. Corbin and Strauss (2008) recommended beginning the
transcript review process with a microanalysis, which they defined as a “detailed coding
around a concept, a form of open coding used to break apart data and look for varied
meanings of a word or phrase” (p. 46). As each code was defined, it was checked against
multiple quotes and against other codes. Codes were expected to change as a deeper
analysis was conducted. Chunking and coding text drove the analysis due to the use of a
grounded theory approach in which categories were created as concepts emerged. A
summary of qualitative findings was written with themes that helped to further explain
the quantitative data results by understanding to what degree students felt they were
engaged with technology.

Observations

Students were observed throughout the study and field notes were taken. Each
day, I met with Mrs. Jaycee prior to the start of the school day to discuss the day’s
technology implementation. Class 1 used Catchup Math. Student data was collected
within the Catchup Math cloud and was analyzed for group patterns on skill achievement
for the purpose of scheduling small group assistance during rotation time. Some days,
students were given different work to do on Catchup Math to exercise one specific skill
from the day’s lesson that was hard for them to master. For Class 2, website searches
were conducted to find the perfect tutorial to supplement the current day’s lesson. I also

frequently met with Mrs. Jaycee after school to reflect on the use of technology in Class 1
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and Class 2 and to plan for the future. I observed each class on a rotating schedule during
this study. I visited one class each day of the study except when the teacher was out. For
instance, on Monday I observed Class 1, Tuesday Class 2, Wednesday Class 3, Thursday
Class 1, Friday Class 2, Monday Class 3, and so on. I did not observe these classes on the
five separate days that a substitute was hired to teach due to teacher absence. On all days

that classes were observed, field notes were taken and then analyzed.
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Chapter 4
Data Analysis

Today’s generation of digital learners were born into a computerized world with
smart phones, iPods, iPads, tablets, and computers. According to a 2011 Pew Research
Center Report, some 77% of U.S. teens now own cell phones. Digital-born students may
benefit from a curriculum rich with Internet access and non-traditional modes of learning.
Leveraging technology to create a blended learning curriculum might be the answer to
increased academic achievement in math for some students. Technology can transform
the way teachers instruct and enhance student learning through instant feedback and
personal pacing, which are important features of learning and the ability to store math
concepts in one’s long-term memory. I believe that the students in this population sample
might benefit from a math curriculum that includes the use of digital materials with
which they can easily identify.

The collection of both quantitative and qualitative data was intended to provide a
degree of triangulation to the study with the expectation that the outcomes of the
quantitative data would support the conclusions of the qualitative data, and vice versa
(Creswell, 1998). The main focus of the data analysis was to determine whether student
achievement was significantly affected by different teaching methods that used
technology in a blended learning environment for instruction. The purpose was to
compare the learning outcomes of students in three different Foundations of Algebra
classes. Each class received instruction in a learning environment with different teaching
methods to determine which method best enhanced their learning. Specifically, the study

investigated whether there was a significant difference in math performance between
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classes as measured by a posttest. In addition, field notes were collected and examined to
discover how the teaching methods affected achievement.

During the fall 2012 semester, one focus group from each class met with me. In
addition, students and teachers were observed, and test scores were collected and
analyzed. The overarching purpose of this study was to find information about the
effectiveness of technology in a math class with a specific population of students. The
inclusion of tutorials—a modification of the lecture approach—was a minor addition to
provide added dimension but was not a significant focus of the study. The results of the
study are shared in terms of both quantitative and qualitative outcomes.

Quantitative Analysis

The purpose of the quantitative data analysis was to examine the effect of blended
learning on achievement scores from students’ math pretest to their math posttest. In
addition, the district benchmark tests for each class were reviewed to establish
curriculum-level competence. The research question pertaining to the quantitative data, as
proposed in Chapter 1, is: What is the impact of using technology as a teaching method
on math achievement for low achieving ninth grade students?

Pretest. Using the Statistical Package for the Social Sciences (SPSS), an analysis
of variance (ANOVA) was used to analyze pretest scores. Table 8 shows the mean pretest
scores and standard deviations for each class. An assumption of ANOVA is that
variances of the populations from which the samples came are equal, i.e., homogeneity of
population variances. Levene’s test for equality of variances indicated that the

assumption of homogeneity of variances was met, p = 0.128.
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Table 8

Foundations of Algebra Pretest Score Descriptive Analysis

Method N M S.D.

CAI 19 43.579 11.6729
Tutorial 30 42.867 13.6350
Traditional 27 44.185 11.3002

Note. Means and standard deviations of pretest scores for the three groups of subjects. N
= number of students; M = mean; S.D. = standard deviation.

After satisfying the assumption for homogeneity of variance, pretest means of the
three classes were analyzed for significant differences. An ANOVA indicated that there
was no significant difference in pretest scores among the three groups of subjects, or
F(2,73) =0.081, p > 0.05 where p = 0.922.

Posttest. [ investigated the effects on math achievement after students were
exposed to different levels of technology. The class to which the students belonged is the
treatment variable or the grouping factor. Math achievement was the outcome measure.
The experimental design can be found in Table 9 with three levels of one variable
(technology).

Table 9

Experimental Design Grouping Factor

Group/Class 1 Group/Class 2 Group/Class 3
Computer Aided Add-on Technology Traditional
Instruction Tutorials

Foundations of Algebra
Math

Foundations of Algebra
Math

Foundations of Algebra
Math
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An ANOVA was calculated using prior data from the pretest to determine if the
null hypothesis should be accepted or rejected. Findings indicated that there was no
significant difference among the three levels of independent variables: F(2,72) = 0.295, p
> 0.05. The blended learning and the tutorial conditions did not differ significantly from
the traditionally taught class in math test scores. I failed to reject the null hypothesis that
there is no significant difference between groups because the technology variables did not
have an effect on posttest scores. These results show that the students in this population
might have scored just as well without the addition of technology. Because a significant
difference was not found between groups, post hoc tests were not run to identify
significant differences between means.

Benchmark test. The purpose of the quantitative data analysis was to examine
the effect of various factors on achievement scores from the pretest to the posttest and to
analyze the district benchmark test. To maintain the integrity of the district-provided
benchmark test, I was not able to include it as an appendix with this study. Benchmark
scores by class can be found in Table 10, and were reviewed for curriculum-level
competence.

Table 10

First Quarter Foundations of Algebra Benchmark Average Scores by Class

Methods M N S.D.
CAI 81.105 19 10.2735
Tutorial 78.034 29 13.9527
Traditional 81.480 25 9.4168

Note. M = mean; N = number of students in class; S.D. = standard deviation.
All three classes scored similarly on the district-provided benchmark test and

averaged scores from 78% to 81%. The results showed that the average score per class
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with the added computer-aided instruction (CAI) technology (Class 1) and the
traditionally taught class (Class 3) mastered curriculum expectation outcomes with a B
average while Class 2, with the added tutorials, scored three percentage points lower. The
mean average scores of these classes, which are provided in Table 11, indicated that most
of the students were learning the skill expectations of this class.

The results of this study indicated that the participants in all three classes
increased their math content understanding (see Table 11). Though the study sought to
determine what level of blended learning was most effective, the results indicated that
significantly higher levels of academic achievement were not realized with the addition
of blended learning when compared to a traditional learning environment.

Table 11

Average Test Scores for Each Subject Class

Pretest Posttest Benchmark
Class 1 43.579 71.263 81.105
Class 2 42.867 68.966 78.034
Class 3 44.185 69.000 81.480

Quantitative data summary. The study sought to discover the extent to which
there is a difference between academic outcomes of secondary Foundation of Algebra
students learning from curricula that incorporated various levels of technology blended
into the learning in comparison to students learning from traditional lectures. It was

discovered that students in all three classes showed no significant difference in posttest
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scores. Although all students’ posttest scores greatly improved over their pretest scores,
students average scores were virtually the same in all three classes.
Qualitative Analysis

This section presents the processes by which the data for the qualitative
component of the study was generated, retrieved, and analyzed. Findings from the
qualitative data gathered for this study are reported in the form of lists that depict
emerging themes and subthemes from student dialogue obtained during focus groups. My
attempt was to answer the second research question as presented in Chapter 1: How do
students feel about technology as an instructional method in their math class?

For the focus group data, I audio taped conversations using my iPad. I used the
application Notability as a tape recording device while taking notes on the iPad. Dialogue
from three separate groups (one group from each class) was recorded. Each group
included randomly chosen students who volunteered and the students answered the same
set of questions. The students were not required to prepare for the focus group and did
not receive the questions prior to the focus group dialogue. I saved the audio files to my
Internet-stored Dropbox account and transferred them via the Internet to a transcription
service following the focus group sessions. The transcriber then transcribed the audio
tapes onto a Word document and sent the transcriptions to me via e-mail.

I organized the data into three groups to represent each class and the type of
blended learning incorporated within the group. I analyzed the transcripts and generated
themes and patterns for the most frequently occurring words and phrases, discovered

relationships, and developed explanations about the issues presented in the research
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questions. Lastly, the results of the quantitative and qualitative data from all sources were
triangulated to provide support for the emerging concepts derived from this study.

Findings from the focus groups. To best interpret the findings from the focus
group data, it was important to remember that all of the students in this study have below
grade level math skills, which in most cases included students who are at or near
frustration levels in math class most of the time. The students in the study were in one of
three classes, and each of the classes in the study received a different method of teaching
that incorporated different levels of blended learning. There were two teachers in this
study: Mrs. Jaycee taught Class 1 and Class 2 while Mr. Holiday taught Class 3.

To assist me in further understanding the data, I used the transcribed focus group
responses. I copied student’s answers from the Word document and pasted the text into
several Wordles (primarily used to visualize frequency distribution of keyword data) to
search each class for repeatedly occurring words to make sure that I captured the meaning
of students’ perceptions. From the results, word art of the most frequently occurring
words was generated (see Appendix H). I used this information to cross-check categories
to ensure I captured intended meanings to the best of my ability.

Open coding. The analysis of the focus group data was centered on the second
research question regarding students’ perceptions of technology in their math class. Even
though Class 3 was taught by traditional methods, questions were set up to extract
student’s perceptions about using technology to assist them in their learning of math
concepts.

The process of coding the focus group transcripts included a manual system of
open coding as described by Creswell (1998) to categorize themes during which the
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author writes to pull out meanings and then connect those meanings to arrive at
explanations and interpretations. This data analysis involved collecting open-ended data
by asking general questions and developing an analysis from the information supplied by
the students. After several readings of the transcripts, initial themes that ran through the
focus group conversations along with their assigned codes were as follows:
Bold = Positive reaction to the addition of technology
Italics = Math homework support
Underline = Type of technology used in the classroom
Yellow highlight = Mention of learning style
Violet highlight = Comments about perception of the class
Red highlight = Negative reactions to the use of technology
Pink highlight = Comments about last year’s math class
Blue highlight = Math is easy
Teal highlight = Math is hard
Grey = Perception of how students ended up being placed in their class

Using an inductive framework, I read through the transcripts of each focus group
session many times. As patterns and themes emerged from the study of data, [ made lists
to organize and sort common themes. To find patterns in students’ responses, I used the
above code list to organize the data by highlighting and applying different formatting to
the text. After I coded the data, I opened a new Word document and placed it on my
computer desktop next to the coded transcript file. I typed the main categories that
emerged into the new Word document. Next, I copied each highlighted, bold, underlined,
and italicized section and pasted each one under the corresponding category per class. To
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assist me in visualizing emerging categories, I created a mind map using the application
on my iPad called Idea Sketch (see Appendix I).

Axial coding. The second step in grounded theory is axial coding. After I had all
of the data coded using the codes listed above, I began making connections between
categories and moving from inductive to deductive analysis by asking myself questions
like “What is this?”” and “What does it represent?” For each idea, I thought about the
conditions that gave rise to the statements, the context from which it was embedded, how
it was managed, and the consequences of the conclusions that [ was drawing. By
expanding my knowledge of the above-coded list, the following broad categories
emerged:

e Learning style: how, and under what conditions.

e Self-efficacy: beliefs a student holds regarding their own power to affect

situations.

e Homework: difficulty and effort level.

e Technology/blended learning: in class and at home.
With these broad categories in mind, I reviewed all of the excerpts of text under each
category by class. Final lists of collected themes for each focus group are discussed in the
following sections.

Focus group: Class 1 overview. Five members comprised the first focus group
and were from Class 1, which was taught by Mrs. Jaycee using blended learning with
CAL Emerging themes from the student perception data included:

e Learning style: Students reported their preferred way of learning as being taught

one-on-one by the teacher, doing hands-on activities, and their last preference was
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learning by using notes. They enjoyed rotating between stations and appreciated
learning visually with the ability to choose a video that reviewed the skill being
taught with CAI while at that station.

o Self-efficacy: Students report knowing that it is important to practice math skills
and they know they have the power to do so, yet they choose to do other activities
after school, such as playing video games.

e Homework: For homework help, students used notes first, then family members,
and then Google as a search engine to search math concepts. They expressed
having too much math homework.

e Technology/blended learning: The students enjoyed working at their own pace
and at their own level. One person reported using Catchup Math at home to fill in
skill gaps, which might transfer to 20% of the class using it at home as this
sample suggests. Others who reported not using Catchup Math at home reported
being too busy with other homework to be able to fit it in. In addition, students
appreciated being able to move through stations and at least one person in the
group liked each station offered. Students agreed that the CAI would be helpful if
they were to give it more time. However, during the study they did not feel as if it
helped them to increase their math skills because it was not directly related to the
current lesson being taught.

Focus group: Class 2 overview. Five members comprised the second
focus group and were from Class 2, which received the add-on tutorials in Mrs.

Jaycee’s class. Emerging themes from the student perception data included:

e Learning style: Students reported that, in order to learn, they need one-on-one
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sessions with their teacher, guided notes, quiet time to practice math skills, and
accountability for math work. Students pointed out that their biggest math deficits
are lack of focus, not knowing their multiplication facts, and trouble working with
big numbers.

Self-efficacy: Students admit to lack of effort sometimes when it comes to
classwork and completing homework. Students blame the classroom management
in their previous year’s math class for their low skills and placement into their
current class.

Homework: Students report that they rarely, if ever, did their homework. They
stated that they did not have enough time to do it when they returned home.
Although they had the day’s lesson tutorial link to assist them with their math,
some reported either forgetting about it or not getting to it for various reasons.
Four out of five students did not use the link at home, and they reported finding
the addition of tutorials engaging during class but not useful at home.
Technology/blended learning: One student in this group used Internet tutorials at
home to assist him with math homework when his notes failed. (This method was
taught to this class.) Students reported enjoying going to the computer lab to
complete the day’s lesson by playing structured math games on the computer and
being held accountable for the day’s math work on paper. They admitted to
searching the web when the teacher was not looking. They all like technology
when it is fun but did not leverage it for homework help, which they viewed as

not fun.
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Focus group: Class 3 overview: Three of the students on the first list of five focus
group members were absent, so I used the substitute list to fill the three spots. Five
members comprised the third focus group where very little technology was incorporated
into the curriculum and material was taught in the traditional, face-to-face method. The
perceptional data for the students in Mr. Holiday’s class (Class 3) included the following
emerging themes:

e Learning style: Students said that receiving a visual representation of the material
helped them the most. They also learned best with one-on-one teacher support and
with many notes and bell work problems visually illustrated on the whiteboard.
Students said that they needed the classroom to be quiet and free from distractions
while working on math problems. Additionally, they reported enjoying math
during the year in which this study was conducted because their teacher took his
time by staying on one topic for a long period and for assisting them one-on-one.

e Self-efficacy: Students reported classroom management problems with the
previous year’s math teacher. During the previous school year, students had
teachers who incorporated Smart technology through the use of a Smart board.
They reported that this level of technology did not help them learn.

e Homework: When a student’s notes failed, he or she turned to a family member
for help. When the family member was not available, two of the students turned to
the Internet to search for math tutorials. At times, they felt distracted because
there were so many things to look at on the Internet.

e Technology/blended learning: Two students searched Google and resourced

YouTube for homework math help and for personal reasons.
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Focus group summary. Overall, students from the three classes offered similar
answers with regard to learning style, self-efficacy, homework, and the use of technology
and blended learning by teachers and themselves. I gleaned the following helpful
information from these groups:

e Students believe themselves to be visual learners.
e Students need the class to be quiet in order to learn.
e Students prefer to be taught one-on-one by their instructor.
e Students blame others for their low math skills.
e Students first ask family members for homework help before going to the Internet
for assistance.
¢ Students use technology mostly for their own personal needs.
e Most students do not view technology as a medium for learning math.
e Students are engaged by technology while at school but this does not transfer to
using the same technology at home for homework help.
During the focus group sessions, student responses were forthcoming and candid.
Students openly shared their concerns regarding homework, teacher quality, technology
use, and their personal needs to achieve academically.

The qualitative data matches the quantitative data in that the student population in
the study all started out at the same math level with lower than grade level skills. The
students were sorted into the different classes. Students knew what they needed to do to
be successful, yet they did not always take the steps necessary to achieve the best
outcome for themselves. For example, students know they needed to practice math skills

correctly in order to become proficient, but they stated that they did not think it was fair
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that they go to school all day and were then expected to do homework when they get
home; therefore, they did not always complete their homework. There were many
commonalities between the focus groups in how they felt and how they achieved, and
these similarities led to comparable outcomes in achievement. With or without
technology, different teaching methods did not make any significant difference for this
student population.

Supervised by a school administrator, I facilitated the focus group sessions. The
discussions that took place during the focus groups allowed me to gain insights and
viewpoints that otherwise could not be acquired. Unlike one-on-one interviews,
participants were able to exchange ideas and share information with others in the group.
These feedback sessions provided me with ideas and opinions in a nonthreatening
environment.

The framework for discussion was based on how or if technology assisted this
population of students to learn math. Students were encouraged to share personal views
of classroom practices. Responses were recorded verbatim in order to deliver authentic
statements that honored each participant’s thoughts. Students from all three classes
shared similar viewpoints toward math and the use of technology in class for learning.
Observations and Field Notes

Students from all three classes freely and without being asked shared with me the
reasons they were placed in this class. Themes were consistent throughout all three
classes. Students said that they did not put forth very much effort during the previous
year’s math class, which was in part because their classroom was in a state of constant

chaos due to weak classroom management by teachers. The students were not held
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accountable for homework or for tests scores, and when given the opportunity to work in
the computer lab, it was free time used for playing games. Students had the perception
that they would be promoted to high school whether they did any math work or not
during their eighth grade year.

Online learning is becoming increasingly popular. In Arizona State University’s
(ASU) 2013 mission and goals statement, they aspired to enroll 100,000 students in
online and distance education programs. Knowing this, I asked a few students from each
class how they felt about using the Internet as a tool to assist them with math. Most
students responded by saying that they liked using technology for social and personal
pleasure while also noting that they did not respond favorably to leveraging it for learning
math because it was easier to ask a family member.

After combing through all my notes and data, I am of the opinion that student
responses indicated that they do not leverage the Internet for math help because they do
not have the intrinsic motivation to complete their homework. When the homework
became difficult, they gave up. The students indicated to me that they would be promoted
to the next class regardless of whether they completed their math work. This perception
may have made the mastery of math skills less likely because the students could easily
give up when the math became difficult, perceiving that they would still pass their class.
As an educator, [ believe that this is a response to years of being promoted from grade to
grade without being held accountable for mastery of skills.

There are many reasons why these particular students responded negatively and |
have offered my best assessment. Perhaps given the right atmosphere for their individual

circumstances, their opinion would change to one of finding favor with the blended mode
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of learning. Future research should control for motivation to better understand student’s
negative responses.

I observed the three classes many times. These classes were, at most, one day
apart in their lessons. All of the students in this study were taught the same skills using
different teaching methods. The classes were comprised of students with low math skills
who stated that they were accustomed to more freedom in their previous math class. The
structure of high school and their current teachers were a new concept for them. When I
asked why, they said that they never had so much homework before, stating that they had
homework in every class, Monday through Thursday. When I asked if they were given
time in class to complete the work, they replied with “sometimes.” As I probed deeper, I
tried to find out if they were taking advantage of the time that some teachers gave them.
Over 60% of the students in the focus group said that they do not use their time wisely by
completing homework during the time allotted. Probing further, I asked them if they
thought it would be a good idea to complete their homework with their teacher present,
just in case they needed assistance and most replied “no” because they have a family
member to help them later that day.

Student feelings about homework included the following comment, verbatim,
from one student:

I do it when I get home because I have an older sister that's in like Algebra II, I
think, right now and she's really smart, so I just ask her for help, but normally she
won’t help me so I just look back at my notes, and well, we have like the
computer stuff that you guys give us, but [ don't really go on that so I just don’t do
it.
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Another student said:

If I'm stuck on a problem, I usually go to my grandma and ask her for help,
because she was a teacher, I mean she used to be a sub. She had like straight A's
and 4.0 throughout all high school, so I just usually go to her.

Other responses included: “When I don't get it, I just stare at it till it pops in my head, or I
just skip it until later, because I learned it once, so I try to remember” or “I don't really do
anything when I'm home, like, I usually forget about homework, but when I do
remember, [ usually go to my dad” and “I go to my parents, but most of the time they
don't remember, so then I just try to work it out again, and sometimes I get it, but other
times I go to the teacher the next day.”
During a focus group with Class 2, students had the following dialogue about
homework:
D: The thing that I don't understand much is, like, we have school for seven hours
and then we have homework. Like, homework, it obviously isn't for another seven
hours, but it's still homework, and people, listen, we still don't like it that much,
and, like, when you get older and you go to work, you work, like, however many
hours a day, and then you get to go home and relax, instead of going home and
doing homework.
Q: Iagree with D. Like, honestly, I think we should not have homework every
day, and we go home from school that we had for seven hours, now, that's hard
right there. Like, that homework takes me two hours to do sometimes and that's
nine hours, like, basically, of school, then we get the rest off. I think, at least, we

should have homework, like, probably, like, three times a week, like, or we could
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just have a huge packet of homework and it's due on Friday.
K: Iagree with Q, like, yeah, I think, like, we should start doing that instead of
homework, because, like, dude, especially the homework she gives us, holy
frickin', it's like 30 problems. I'm just like, holy crap. I can't finish that. It's hard to
finish homework. I don't even know how other people do it. And I'm like, I can
never call anyone, like, at home it's hard for me to concentrate, because I got six
other siblings. So I'm just like, I'm like, I have, like, three brothers and they're all
smaller than me. I'm the oldest one, so they're always asking me, can you get this,
can you do that, can you fix that? I'm just like, so, I give up and help my brothers.
The students also listed a big change in being accountable for their behavior. They
reported that in high school, they had to be quiet and listen to the teacher. They reported
that unlike elementary school, they received lunch detentions or worse if they were to
disrupt the learning environment. Classroom management is not easy in this type of class.
The teachers I observed were experienced in lesson delivery. Classes were taught
during a 90-minute block. A typical day had the following sequence: bell work,
homework review, lesson delivery, and time to begin homework. Each class had its own
plan for engagement (computers, tutorials, projects, board work, etc.) that was mixed into
the framework to help motivate students to learn and achieve. Time was given for
homework during class. When students did not finish, it was an expectation that it would
be completed after school.
Homework was a problem for most of these students. When they returned home
from school, for many it was after clubs or sports, several hours later. They told me that
they had forgotten the steps for how to complete the math problems. Most of the time,

88



they would return the next day without their homework done because it was too hard. The
problem is that the next skill taught in their class was built on the foundation from the
previous skill. This is how students develop gaps in their learning. By moving on before
they master a skill, students become confused and stay that way for the remainder of the
chapter. Students seem to understand this, yet they do not take the needed steps to take
charge of their learning and master these skills by asking questions during the teaching of
the lesson or attending personal tutoring.

Students in Class 1, who learned in a CAI environment, reported that they liked
Catchup Math. They liked being able to work on skills that they had not mastered. The
problem is that these skills are not the skills being taught in class at that time. While the
program is helping them in the long run, it did not transfer to higher test scores in the
math class during the short time of this study. Students reported that they only worked on
Catchup Math at school and did not work on it at home because it was not connected to
the day’s lesson and appeared to be extra work.

Throughout the study, I asked teachers to report their perceptions of progress to
me so that I could stay current with the possible immediate effects of the interventions. I
fully expected to hear outcomes ranging from high to low from Class 1 to Class 3. During
the first two chapters, the results matched my expectations. In Chapters 3 and 4, the
traditionally taught class scored better than the tutorial class. In Chapter 4 and especially
in Chapter 5 during the unit with fractions, scores decreased for all classes.

Keeping in mind that every skill taught in this class is a review for these students,
Chapters 4 and 5 included fractions, decimals, and percentages. Adding and subtracting

fractions are among the most challenging math skills for students at any grade level to
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learn, and the concepts behind the skills are foundational to many math concepts.
Previously, these students showed lack of competency in dividing whole numbers in their
homework problems and on bell work problems. Long division is a fourth grade math
skill, which was generally the skill where many students said that math began to become
difficult for them. Without solid knowledge of multiplication and division, working with
fractions became challenging for many students as evidenced by test scores.

Teachers are aware of the need for students to master multiplication tables no
later than third grade so that division skills can be mastered in fourth grade. These
essential skills are missing for many of the students at the Foundations of Algebra ninth
grade level—the level being studied here—which leads to low grade level math scores.

Students showed misconceptions about working with fractions that were left
unaddressed for years. For instance, it was not uncommon to see students solve 1/2 plus
2/3 as 3/5 due to their existing knowledge of adding whole numbers without
distinguishing the difference between whole numbers and fractional numbers.

Summary

Regarding Research Question 1, the data shows that blended learning did not
make a significant difference in academic outcomes for this student population. As for
Research Question 2, students liked technology for their personal use but did not
prioritize it as a tool to be used for math learning. Students in Class 1 rotated through the
CALI station every day for 20 minutes. Most reported that they enjoyed getting up to rotate
and learning at their own pace, but this did not transfer to increased test scores for Class 1
as compared to their peers in Class 2 and Class 3. Students in Class 2 enjoyed watching

the videos as an added visual representation to their lessons, but overall did not report
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viewing them at home when their notes failed during homework time. Students in Class 3
reported using the Internet for homework help even though they were not taught to do so
and only after they attempted to receive help from a family member. The answer to
Research Question 2 helped to support the findings in Research Question 1. Overall, all
classes performed, on average, the same. Through field notes, I noted that some students
in all three classes used the Internet, on occasion for homework help. Students in Class 1
reported that the implementation of blended learning in class was engaging; students
enjoyed the rotation sequence and working at their own pace on the computer through the
use of CAI Students in Class 2 reported having enjoyed the visual tutorials implemented
into the direct instruction. However, this did not raise student achievement for Class 1

and Class 2 during this study when compared to the traditionally taught class.
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Chapter 5
Discussion

The purpose of this study was to evaluate the effectiveness of blended learning
environments in comparison to a traditional, face-to-face learning environment on student
academic achievement for ninth grade developmental math students. This chapter focuses
on the key findings and provides conclusions, limitations, recommendations and
implications based on the research. The results were reported to address the following
research questions:

1. What is the impact of using technology as a teaching method on math achievement
for low achieving ninth grade students?
2. How do students feel about technology as an instructional method in their math

class?
Summary of the Study

As stated in Chapter 1, low math scores in the US are a problem. Too many
students are leaving high school without the math skills they need to be considered
college ready. This phenomenon of unpreparedness has been documented by Hodges and
Kennedy (2004), Kinney (2001), Kirst (2011), Klein and Rice (2012), Krzemien (2004)
and has been previously reported throughout this dissertation by the standardized test for
college admissions, the Program for International Student Assessment, the Organisation
for Economic Co-operation and Development and the American College Test. The lack
of college preparedness is a problem that established a rationale for studying a math
intervention for the ninth grade students presented in this study. During the study, a
blended learning model with the use of technology, pedagogy, and content was
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implemented in the teaching curriculum to determine if blended learning increased
academic outcomes. My passion for this topic was directly related to my own personal
learning practices during my college experience at Glendale Community College in
Arizona.

By using blended learning as a teaching method, this dissertation set out to find
out if there was a relationship between the addition of technology in a ninth grade, low
level math class and achievement. If there had been a relationship, then this study would
have also attempted to find out how much technology was required to make a significant
difference. By finding the perfect blend of technology and face-to-face teaching for
secondary ninth grade students in a developmental math-learning classroom, the study
attempted to add to the field of knowledge on the evolving topic of blended learning.

Some literature prior to 2008 showed inconsistent findings about a relationship
between technology and academic achievement in the kindergarten through 12th grade
(K-12) setting. As blended learning has evolved, more recent literature from authors Horn
and Staker (2011) and other similar studies reported increasing success with different
blended learning models throughout the US.

Today, several organizations are dedicating significant human and material
resources to address the problem of low math skills and are looking for schools to draft
grant proposals to include some form of blended learning where students have some
control over time, place, path, or pace and at least partially at a supervised brick-and-
mortar location away from home. The fact that this is a trend in education makes this
topic increasingly important to study because schools applying for grant money want to

know what type and what extent of blend has been found to be most successful for
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academic achievement. This mixed-methods study consisted of quantitative data using
pre- and posttests, a district-provided benchmark test, and qualitative data using focus
groups, notes, and observations. All of this data was analyzed to establish and support the
findings presented here.
Key Findings
Regarding Research Question 1, the blended learning and the tutorial conditions

did not differ significantly from the traditionally taught class with regard to math test
scores. Therefore, I accepted the null hypothesis that there is no difference between
groups because the interventions did not have a significant effect on posttest scores,
comparatively speaking. One can conclude that the outcome indicated the students in this
population might have scored just as well without the use of any technology and with the
traditional, face-to-face method of teaching. I was surprised at this outcome because this
generation of students is living in a world in which they are immersed in digital
technology. By their own reports, they spend over 10 hours a day using cell phones,
computers, and surfing the web (Rideout, Foehr, & Roberts, 2010), thus, I fully expected
to see Class 1 have the highest outcomes followed by Class 2 and then Class 3.

Key finding 1. In Class 1, students did not leverage the potential of Catchup
Math’s capacity for development by working on it at home.

Key finding 2. In Class 2, students did not view the online tutorials for homework
help after school.

The data gathered in order to answer Research Question 2 assisted me to
understand the quantitative data through student responses from focus groups, field notes,

and observations. Students’ answers to my questions were categorized to find themes that
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would bind them together. Students from all three classes shared similar viewpoints
toward math, homework, and the use of technology in class for learning. They reported
being engaged by the technology while at school but did not leverage it at home because
that was their time. They report that they go to school for seven hours and should not be
required to do “more school” at home. I believe that this is due to years of being socially
promoted from grade to grade, year after year, without being held accountable or required
to master skills in order to move to the next level. My perception is that these students
believe that they will be promoted to the next course level whether they complete their
homework or not due to this being the pattern for years. Typically, without this extra
practice, concepts are not mastered, which can result in skills gaps. Retaining students is
not the answer, unless students are taught differently than they were previously, and these
students have learned from years of social promotion not to try.

As presented in Chapter 3 and Chapter 4, students in this study fell behind or began
to struggle when they were exposed to fractions. This is because many students did not
have the foundational knowledge needed to complete these complex tasks. Due to
district-mandated curricular expectations, students did not have the time needed to master
these below-grade-level skills during class. Students were not motivated enough to
practice these skills outside of school because they do not believe that there would be
consequences such as being held at their current grade level until they mastered the
foundational skills needed to move to the next grade.

Conclusions
Students in this study need to be met where they are in relation to their skill level.

They need to be taught according to their learning style and be given enough time to
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master a concept before they move on to the next, more difficult skill. In addition, in
order to be successful, they need to be taught study habits, including how to move
information from short-term memory to long-term memory.

Students in Class 1 liked having the opportunity to get up and rotate around the
room. Their classes were 90 minutes, and they told me that they enjoyed being able to get
up, move around, and to do different tasks. They liked parts of the computer-aided
instruction (CAI), such as progressing at their own pace and learning only what they
needed to learn. However, due to the program change, CAI was intended to fill in their
individual skills gaps and did not directly relate to the day’s lesson, chapter, or unit. As
such, the CAI did not really help them in class from an immediate perspective. Students
in Class 2 enjoyed having the direct instruction being broken up with a visual tutorial but
reported that it did not help them learn because they preferred to learn one-on-one from
the teacher. Most of the time, they did not remember to view the tutorial again at home
because they were too busy or just did not want to complete their homework. If they
struggled on their homework, then they would ask their parent or a family member for
help because it was easier than turning on the computer, searching for the tutorial,
watching the tutorial, learning the skill, and then transferring that knowledge to help them
with their homework. Students in Class 3 reported that they liked it when their teacher
used a projector to illustrate problems on a whiteboard because the problems were easier
to see. The teacher would allow students to write under the projected problems on the
white board to show their work. They liked this form of direct instruction because it
allowed them to get up and to write on the white board. Class 3 also reported that they
sometimes resourced the Internet for assistance with homework even though they were
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not taught to do so. Students in all classes appreciated the engagement that their teachers
added; however, motivation for using technology at home to support the learning of math
did not occur on a regular basis.

While student motivation was not the focus of this study, it is important to touch
on it because students in remedial classes at the high school level are sometimes found to
be unmotivated due to years of feeling unsuccessful. Christensen, Horn, & Johnson
(2008) wrote that the U.S. education system does not intrinsically motivate a large
percentage of students, which is often considered the root cause of the country’s
struggles. They also noted that the best blended learning schools at the time of their study
were great because they reached the students who appeared to be unmotivated. With the
knowledge that there could be a connection between blended learning and motivation, the
population sample for this study was considered an ideal population. The students in the
sample had been previously socially promoted from grade to grade based on seat time
and not on mastery of skills. Hypothetically, using digital learning coupled with a
competency-based learning system where students kept working on a concept until they
mastered it should have shown increased outcomes over other classes, but it did not.
Therefore, the data suggests that when CAl is used as an add-on to the curriculum,
remedial students are unlikely to increase their math test scores as compared to remedial
students who are taught by traditional means.

Limitations

High school sorted students. After the group of students was selected for the
Foundations of Algebra class, they were assigned consistent with school protocol and
placed into Class 1, 2, or 3. By luck of the draw, Class 2 ended up being composed of
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73% boys, and half of the class was from one elementary school. According to the
teacher, “this class was impacted because these students were not expected to do much
math work last year, which included taking notes and doing homework.” She believed
that the class’s previous math class experience accounted for the fact that they did not
watch the videos outside of class and did not do their homework. By individually sorting
the students, this scenario could have been prevented and some of these students may
have increased their achievement.

CAL. The biggest problem with the data collection for the study was the fact that
the CAI was used as an add-on to the curriculum. The study was designed for the CAI to
be the curriculum, but when students tested at the fourth and fifth grade level on the CAI
pretest, the CAI, which was designed to assist at the students’ level (not at the class
curriculum level), ended up filling in skills gaps while the teacher taught the district-
mandated curriculum. For the intended blended learning model to have worked to its
fullest potential, the district-mandated curriculum would have had to be disregarded and
the students would have had to be permitted to work at their own skill level and progress
at their own pace.

Tutorials. Tutorial viewing did not work for Class 2 for various reasons. No
access to a computer at home and no desire were among the most frequent reasons
reported by the students in the focus group session. Some students said that they worked
enough at school and they did not feel that it was fair to have to do more work at home.
More than once, a student used the statement “that’s my time.” This response indicated
that it is important to know one’s audience, and it would be important to take such an

attitude into account when planning innovations.
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Permission slips. Not having access to data for all the students created a smaller
sample size for me to study. The recruitment strategy that I had developed included
handing out permission letters on the first day of school with all of the other papers that
went home with the students. However, certain conditions were beyond my control. Due
to the principal making last minute faculty changes and the governing board rescheduling
my presentation to the school board, I was not able to receive permission to proceed with
my study until after the first day of school. Ultimately, I was not able to receive every
student’s permission slip. Each school system will have unique procedures for studies
conducted on its campuses, therefore, it is important for future studies to plan accordingly
and anticipate possible delays in approval as well as to allow permissions to be handed
out and received as planned.

Teacher effect. Another limitation of the study was that the study included two
different teachers who had different amounts of teaching and life experience. I planned
this study to have one teacher with three classes. However, changes in faculty
assignments necessitated my studying two teachers with three classes.

While both teachers were highly capable, it is useful to be mindful of the pressure
faculty is under when they enter a classroom. This is especially true for teachers who
have classes full of developmental ninth grade students who are not accustomed to being
held accountable for course work mastery, which can cause a great deal of stress for the
teacher. A great amount of effort was required to perform confidently in front of a group
of students who had yet to find the connection between math and their lives. The
developmental levels of the students mandated that, beyond teaching, both teachers spend

time managing the behaviors in their classrooms. Keeping the attention of these students
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for 90 minutes required masterful classroom management skills. Both teachers had to
account for this time when planning instruction, which is a common reality with this
student population. Comparing the novice teacher to the veteran teacher was not
necessary because Class 3 (novice teacher) scored equally to Class 1 and Class 2.

Implementation challenges. The fact that 77% of teens own cell phones and
79% own iPods or equivalents (http://www.pewinternet.org/Static-Pages/Trend-Data-
(Teens)/Teen-Gadget-Ownership.aspx) led me to believe that the students in this
population would have earbuds to listen to the lesson on the computer on their own, but
more than half did not. The inability to hear the CAI was a problem for these students. In
future studies of this nature, earbuds or headphones need to be made available for student
use.

Internet tutorial links. Blended learning is intended to break down the barriers
of time, place, path, and pace. In this study, students in Class 2 were given daily links to
view tutorials pertinent to the day’s lesson. The tutorials could be viewed in any place, at
any time, in the order they preferred, and at their own pace. I think that some students
may have been limited in their ability to proceed due to waiting on the day’s link. In
future studies, I recommend having all of those tutorials with links posted on the
teacher’s website along with content outcomes before the start of the school year so that
students have the opportunity to progress at their own pace without being in the physical
presence of the instructor.

Computers. The computers in the classroom were another limitation for Class 1
because the technology needed to work consistently and reliably for the intervention to be

used. On a few occasions, a computer or two would malfunction and have to be shut
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down until fixed. On those days, a backup plan was required to allow students to rotate
naturally.

Computer Lab. The computer lab was only available on every other Tuesday.
Students may have increased their achievement with more time using the computer. Class
1 may have advanced with more time spent on CAI and Class 2 may have benefitted with
increased time during the school day to view the tutorials.

Collaboration. Socialization is often perceived as a negative process in many
schools, but in the literature and in blended learning schools, social interactions are
reported to be far healthier and focused on helping each student improve. To be able to
rotate, a longer class period is ideal. For the implementation in Class 1, long class periods
made it possible to rotate stations. Students are social, so it may be beneficial to allow a
rotation that encourages collaboration. I found that students wanted to get up and rotate to
see new people, to power up, to learn something new, and to be slightly challenged.

Time. I was not able to eliminate the barrier of time. Although all classes were
taught using different methods and students were expected to do some math work outside
of school, the intervention classes moved at the same pace as the face-to-face traditional
class. Therefore, students in the blended learning environment were not able to work at a
different pace than the traditional class. A faster pace could have allowed students to gain
a deeper understanding of the curriculum standards, which consequently could have
increased their academic achievement in the course.

Recommendations and Implications
The scope of this study was narrow and only incorporated three classes, two

teachers, and one subject. Results showed that the students in the intervention classes did
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not academically surpass those in the traditionally taught class. Perhaps this was due to
the length of the study (12 weeks). With CAI as an add-on technology component instead
of being the curriculum itself; it is possible to suggest that the study did not last long
enough to be conclusive. Providing CAI for the entire course (18 weeks) might have
increased scores for Class 1 in comparison to the other classes because, theoretically,
students would have mastered the foundational skills they needed to problem solve
correctly by the end of the course.

As noted in an earlier chapter, Professor of Education Vincent Tinto (2008)
appealed to people in education to stop tinkering at the margins of the problem, but I
believe that is exactly what the teacher and I did by adding on technology in a blended
learning format. The implication of using CAI to fill in skills gaps over a short amount of
time resulted in not solving the developmental math problem. The challenge, as I see it, is
to redesign the practices from which CAI was implemented by changing policy to allow
students to be met at their individual skill level and to work independently at their own
pace.

A model school that completely changed from traditional teaching methods is
Carpe Diem in Yuma, Arizona. This school reported great achievement with its blended
learning program. Students in this school learned several full subjects using CAI.
Teachers constantly reviewed and analyzed student data. With this information, they
created groups of like-skilled students to remediate or enrich through the rotation model
of blended learning. Students knew what they needed to do learn, and they were given
choice regarding the time, place, path, and pace for learning. I recommend future

researchers study this type of blended learning environment.
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Blended learning is important to study and some school districts have responded
to the popularity of media use among students by increasing the presence of technology
in schools by adding new computers and high-speed Internet access (Gray & Lewis,
2009). As more devices are utilized in the classroom, there is growing consensus that
mobile computing will be commonplace in all schools in the not too distant future
(Johnson, Smith, Levine, & Haywood, 2010). The knowledge that an increasing number
of students are receiving access to Internet services helps to leverage mobile devices to
better serve individual learning styles and is plausible through the supplementation of
blended learning into the curriculum. Many colleges are finding the addition of
technology through blended learning classes helpful for closing the achievement gap for
math students (Young, 2002) and that is what I attempted to do here.

Furthermore, researchers Christensen et al. (2008) predicted high amounts of
blended learning opportunities in the future. More specifically, regarding blended
learning, they wrote:

It results from four factors, (1) technological improvements that make

learning more engaging, (2) research advances that enable the design of

student-centric software appropriate to each type of learner, (3) the

looming teacher shortage from the baby boomer era retiring, and (4)

inexorable cost pressures. These factors have scholars predicting that ten years

from now, computer-based, student-centric learning will account for 50% of the

classes in U.S. secondary schools. Given this current trajectory about 80% of
courses in 2024 will have been taught online in a student-centric way

(Christenson et al., 2008, p. 102).
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At Liberty High School, students in Class 1 were given the opportunity to fill in
their math gaps with CAI. This program taught students math skills that they had learned
but had not yet mastered. Due to this method of additional math being taught versus
learning math that would reinforce the day’s lesson, many students reported feeling like
they were being made to due extra work. The stress created by being asked to do more
work caused a lack of motivation and resulted in students not taking full advantage of the
program’s potential. I was surprised by the disconnect between theory and practice.
Theoretically, the personalization of working on the skills that they needed should have
motivated them to learn and practice as much of it as they could. However, in practice,
the implication of using technology was that some of the students in this study did not
want to learn at the computer station because it did not allow them to interact with other
students and because they viewed it as more work, even though they needed it.
Recommendations for Future Research

It 1s critical to acknowledge that all children learn differently and teaching them
all the same things, on the same day, and in the same way, will never allow teachers to
educate students in customized ways. Ultimately, by finding out what works for each
individual student instead of what works on average for students, we will finally have
answers to the problem of low achievement in the US. Opportunities for future research
include studies of the abnormalities and outliers in current blended learning research.
Such studies would help to gain insight for planning future studies. According to reports,
computer-based learning works best with motivated students. Future studies should
research different software packages to find programs that offer learning paths for
different learners. Additionally, future researchers should study programs that offer a
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curriculum where the teacher acts in the role of one-on-one tutor rather than teaching
monolithically (preparing to teach, actually teaching, and testing the entire class)
(Christensen et al., 2008, p. 111). A tutor-based environment would allow a shift away
from keeping order and commanding attention to assisting students based on need.

This study was conducted with ninth grade math students. I recommend the study
be broadened to include other grade levels and subjects. Teaching through this method
may contribute to increased outcomes for students of different ages and could have a
different effect on academic achievement. Future researchers should examine as many
blended learning studies as they can find in K-12 schools to better understand the effects
it has on learning. Studies should incorporate different software in as many different
ways as they can.

In conclusion, the process of this project proved to be highly effective in
determining the effects of a blended online learning environment. While the results of
this study showed no significant positive effect of the intervention on student academic
achievement, it also implied that the blended online learning environment did not have a
significant negative effect on student learning either. The students in the blended groups
had academic outcomes comparable to the traditionally taught class. Furthermore,
students’ perceptions did not affect their academic achievement in any class. Therefore,
students performed similarly on all measures of student academic achievement regardless
of their perceptions on technology. Finally, motivation is often the catalyzing ingredient
of successful innovation and the same is true for learning. Using the results of this study

along with the addition of studying student motivation, future researchers along with
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other stakeholders will continue to explore the potential of blended learning to increase

academic outcomes for all students.
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APPENDIX A

MATH WEBSITES FOR PRACTICE OR HELP AT HOME
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www.khanacademy.org
www.mathplayground.com
www.ehow.com
www.virtualnerd.com
www.aplusmath.com
www.aaamath.com
http://nlvm.edu/en/nav/vlibrary.html
www.catchupmath.com
WWww.regentsprep.com
www.mathforum.com
www.teachertube.com
www.phschool.com
mathantics.com

learnzillions.com
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My name is Staci Bolley, I am a doctoral student under the direction of Professor
Schugurensky in the Mary Lou Foulton Teachers College at Arizona State University. [
am conducting a research study that looks at technology in the math classroom.

I am recruiting 9™ grade students to allow me to view their first quarter pre and
post test benchmark math scores. Additionally, I will be recruiting students who would
like to participate in a small focus group, which will take approximately one hour. The
focus group will be audio taped and the tape will be destroyed upon the completion of the
study. If you are willing to participate in allowing me to view your test scores and/or in
the focus group, you will need to return an assent form that must be signed by you and a
parental permission form that must be signed by your parent.

Your participation in this study is voluntary. If you have any questions concerning

the research study, please e-mail me at sabolley@yahoo.com.
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Achievement
Data

Recommended Placement for High School Mathematics

Descriptor
Foundations | Algebra I Algebra I Algebra 11 Advanced
of Algebra | Yearlong Block Block Geometry
Honors
Average Less than From 70% 93% to From 70% to | Greater than
District 70% - to 92% - 100% - 90% - 90% -
Benchmarks — | Pre-Algebra | Pre-Algebra | Pre-Algebra | Algebra I* Algebra [
8™ grade OR
Less than
80% -
Algebra I[*
Stanford 10 | Belowthe | 26" —40" [ 41¥-89™ [ 75" -90" 85" — 100"
NP Score — 7" | 25" percentile percentile percentile percentile
grade Math percentile
AIMS Math FFB / Low Approaches | Meets / Low | Very High Exceeds
7™ grade Approaches | / Low Meets | Exceeds Meets /
Performance Exceeds
Level
AIMS Math FFB / Low Approaches | Very High Very High Exceeds
5™ grade Approaches | / Low Meets | Approaches | Meets/
Performance / Meets / Exceeds
Level Low
Exceeds
AIMS Math FFB / Low Approaches | Very High Very High Exceeds
3" grade Approaches | / Low Meets | Approaches | Meets/
Performance / Meets / Exceeds
Level Low
Exceeds
DSS — Student | Consistently | Math Doesn’t Appears to Excels in all
Profile Math struggles in | Courses appear to excel in math, | math
Performance Math show mostly | struggle but may need | courses
Courses (D’s | B’s, C’s & greatly with | to adjust to taken
& F’s) D’s math block
(mostly A’s, | scheduling
some B’s)
District Less than From 70% From 85% Records of Records of
Placement 70% to 85% to 100% Algl Algl
Test — new Competency | Competency
students Test Required | Test
>70% Required >
85%
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Dear Parents:

I am currently pursuing my doctoral degree at the Mary Lou Fulton’s Teacher’s College
at Arizona State University under the direction of Professor Schugurensky. I am
conducting a research study to understand the effects on student achievement that
different levels of technology use have in freshmen level math classes at Liberty High
School.

I am inviting your child's participation, which will involve allowing me to see his/her first
quarter, district provided pre and post-test, and the possibility of being chosen at random
for participation in a focus group. Your child's participation in this study is voluntary.
Your child may decline participation in a focus group and having me view their test
scores at any time. There will be no penalty or discomfort and, it will not affect your
child’s grade.

Although there may be no direct benefit to your child, the possible benefit of your child's
participation in the study may be used to make decisions regarding the district chosen at
random for participants respond favorably or unfavorably to the interventions it could
have an effect on future policy making by the school district. There are no foreseeable
risks or discomforts to your child possible benefit of your child's participation in the
study may develop a deeper understanding of how students respond to technology as an
intervention in math class at Liberty High School. This information may assist in making
changes to technology innovations to better suit the needs of all students in the Peoria
Unified School District.

Scores on all tests will be anonymous and any other forms of identifying information will
not be requested. If your child volunteers to participate in a focus group, it will be tape-
recorded. The tape recording will only be heard by the researchers involved in the study
and will not be made public. Students will provide their first name only for the focus
group. Due to the nature of focus groups complete confidentiality may not be able to be
maintained. However, no questions will be asked that may be sensitive in nature and the
tape recordings will be destroyed upon the completion of the study. The results of this
study may be used in reports, presentations, or publications but your child’s name will
not be used.

If you have any questions concerning the research study or your child's participation in
this study, you may e-mail me at sabolley@yahoo.com or call Deputy Superintendent Dr.
Heather Cruz at (623) 486-6000.

Sincerely,

Staci Bolley, M.Ed

By signing below, you are giving consent for your child

(Child’s name) to participate in the above study.
Please identify your child’s level of participation.

Signing here means that you consent for your child to participate in one focus group
interview.
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Signature Printed Name Date

Signing here means that you consent for your child to be audio taped during the focus
group interview.

Signature Printed Name Date

Signing here means that you consent for me to view your child’s first quarter benchmark
math test scores (without me seeing their name).

Signature Printed Name Date

If you have any questions about you or your child's rights as a subject/participant in this
research, or if you feel you or your child have been placed at risk, you can contact the
Chair of the Human Subjects Institutional Review Board, through the Office of Research
Integrity and Assurance, at (480) 965-6788.
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August 2012

Dear Liberty High School Student:

I am currently pursuing my doctoral degree at the Mary Lou Fulton’s Teacher’s College
at Arizona State University under the direction of Professor Schugurensky. I am
conducting a research study to understand the effects on student achievement that
different levels of technology use have in freshmen level math classes.

I am inviting your participation, which will involve allowing me to see first quarter,
district provided pre and post-test scores, and the possibility of you being chosen at
random for participation in a focus group. The focus group will last for approximately
one hour and I will ask you 5 questions about a math lesson that you previously
experienced. Your participation in this study is voluntary. You may decline participation
in a focus group and having me view your test scores at any time. There will be no
penalty or discomfort and, it will not affect your grade.

There are no foreseeable risks or discomforts to your participation. Through this work,
you will help me to develop a deeper understanding of how students respond to
technology as an intervention in math class at Liberty High School. This information may
assist in making changes to technology innovations to better suit the needs of all students
in the Peoria Unified School District.

Student confidentiality will be maintained because student-identifying information such
as name or identification number will not be requested on your test scores. Due to the
nature of focus groups complete confidentiality may not be able to be maintained.
Students who participate will not use their full name and may use an alternate name if
desired. Tape recordings of the focus groups will be used for research purposes only and
will be destroyed upon completion of the study. The results of this study may be used in
reports, presentations, or publications but your name or any identifying information will
not be used.

If you give permission to be tape recorded, you have the right to ask for the tape
recording to be stopped. The tape recording will be stored on the computer of the
researcher and will be destroyed by removing the information from the computer no later
than May 2013. If you are under the age of 18 your parents must give you permission to
participate by signing the parent consent form. The tape recording will only be heard by
the researchers involved in the study and will not be made public.

If you have any questions concerning the research study or your participation in this
study, you may e-mail me at sabolley(@yahoo.com or Dschugur@asu.edu.

Sincerely,
Staci Bolley, M.Ed

Signing here means that you have read this form and that you are willing to allow me to
see your first quarter benchmark math test scores (without your name on the test).
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Signature Printed Name Date

Signing here means that if chosen you consent to be audio taped during the focus group
interview.

Signature Printed Name Date

Signing here means that if chosen you consent to participate in one focus group
interview.

Signature Printed Name Date

If you have any questions about you or your child's rights as a subject/participant in this
research, or if you feel you or your child have been placed at risk, you can contact the
Chair of the Human Subjects Institutional Review Board, through the Office of Research
Integrity and Assurance, at (480) 965-6788.
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Unit Overview with Benchmarking Periods —
Foundation Block & Year Long

This document’s purpose is to show a brief overview of units and their content, across
one academic school year. This document is not a stand-alone document-it must be used
with the unit planning guides

Please note — Allocation of questions for each benchmarking period will be determined
by an assessment committee representing each high school. Information regarding the
number of questions from each Unit will be made available at least 1 month prior to each
benchmarking period.

Benchmark 1 - Block

Benchmark 1 - Year Long Benchmark 2 - Year Long

UNIT A: Whole number operations UNIT B: Integer Operations
A.1 Properties of numbers B.1a/b - Round positive and negative numbers
A.2 Round and name whole numbers and identify numbers and opposites
A.3 Compare whole numbers B.2a/b - Add, subtract, multiply and divide
A.4 a-Add 2 whole numbers integers.

b-subtract two whole numbers B.3a - Perform long division with and without

c-multiply whole numbers remainders

d-Divide whole numbers
A.5 Long Division
A.6 Exponents
A.7 Simplify square roots(perfect squares
through 225)
A.8 Matrices
A.9 a-Order of operations (+-)
b- Order of operations(x/)
c- Order of op.(Powers and square roots)

B.4a - Apply properties of exponents
B.5a - Simplify perfect square roots including
positive and negative coefficients
B.6 a - Simplify absolute values
B.7 a - Perform operation on matrices
B.8 a - Simplify expressions - order of ops
b - Simplify - order of ops - grouping
B.9 Simplify expressions - like terms
d- Order of op. (grouping symbols) B.10a/b Simph:fy expressions - distributive
A.10 Combining like terms property and like terms
A.11 a/b-Distribution & with like terms B.11a/b - Evaluate expressions

A.12 a-Evaluate expressions without grouping | B-12a-f - Solve one-step to multi-step equations
symbols B.13 - Solve for a variable in a given formula

b- Evaluate expressions with grouping Unit C: Decimal Operations
symbols C.1 a - Name, Round, Compare

A.13 a-Solve one-step equations(all 4 operations) C.2 a-Combine ) . )
b-Solve two-step equations(all 4 operations) b - Multiply/Divide (Without

c-Solve two step equations with variables on Remainders)

both sides c - Long Divide (Round answer to
d-Solve two step equations with like terms on nearest hundredth)

one side of the equation d - Exponents

e- Solve multi-step equations with e - Absolute Value

distributive property and like terms f - Matrix

f- Solve multi-step equations with like terms Addition/Subtraction/Scalar

on both sides Multiplication
g-Solve multi-step equations with distributive | .3 ++a - Simplify Square Roots (Perfect
property on both sides Squares Only)

h-Solve multi-step equations with distributive
property and adding like terms on both sides
A.14 Solve for a variable (one-step)

b - Estimate Irrational Square Roots
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Benchmark 2 - Block (Course Assessment)

Benchmark 3 - Year Long

Benchmark 4 (CA) - Year Long

C.4 a - Order of Operations with/without
grouping symbols
b - Evaluation Expression
with/without grouping symbols
c - Distributive Property
C.5 Solving Equations (with/without clearing
decimals):
a - One-step Equations
b - Two-step Equations
c - Variable on Both Sides of
Equation
d - Like Terms on One Side of
Equation
e - Distributive Property 1-side
UNIT D: Fraction Operations
D.1 a - Find the prime factorization of
whole number
b - Find the greatest common factor
of two whole numbers
c - Find the least common multiple
of two whole numbers
d - Find the least common
denominator of two fractions

D.2 Name fractions, improper fractions,
and mixed numbers
D.3 a - Simplify to lowest terms

b - Write equivalent fractions
c/d - Convert mixed numbers to
Improper fractions (visa versa)

D.4 Compare

D.5 a - Combine b - Multiply and divide

D.6 Exponents

D.7 Simplify perfect fractional square
roots (high value = 225)

D.8 Scalar Multiplication

D.9Absolute value with one operation

D.10 a - Order of Operations

D.11 Combine Like Terms

D.12 a/b Distribution and w/ Like Terms
D.13 Evaluate w/ & w/o Grouping Symbols

D.14 a - One-Step Equations
b - Two-Step equations
¢ - Two-Step variables both sides
d - Two-Step Like terms one side
e — Multi-Step dist. and like terms
f — Multi-Step like terms

D.15 a - Solve for variable one-step
b - Solve for variable multi-step

UNIT E:Area, Volume, and Surface Area
E.1l a - Area of rectangle, square,
triangle, parallelogram, trapezoid

b - Area of Circle and semi-circle
¢ - Area addition postulate

E.2 Volume of cube, cylinder, sphere,
cone, square pyramid

E.3 a - Nets of cube, cylinder, cone,
square pyramid

UNIT F:Measurements of Angles
F.1 Find a counterexample.

F.2 Find the length using the segment
addition postulate.

F.3 a- Vertical Angles
b- Complementary Angles
c- Supplementary Angles

d- Angle Bisectors

F.4 Angle Chasing
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Name #

Pre/Post Test
Date: Per:

1. Mary purchased 8 boxes of cereal at WalMart and paid a total of $24. Which
equation can be used to find out how much Mary paid for each box?

A . x+8=24 C. x-8=24
MO08-S3C3-01

B. 8x =24 D. -
8
2. Evaluate: 48+ f(z— ) forx=8, y=3,andz=6
A. 18 C. 2
B. 3 D. L
2

3. Simplify the expression and state the property you used. 4+ +

A. 4x + 7, Distributive C. x+ 11, Associative
MO08-S3C3-03
B. x + 11, Commutative D. 4x + 7, Commutative
4. Simplify:
A. —-10 C. 6
MO08-S1C1-04
B. —6 D. 10

5. Simplify: 4 —(=3)

A -1 C. 7
M07-S1C2-01

B. -7 D. 1
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6. Simplify: 2 (-3)(10)

A. =50 C. 60
MO07-S1C2-01

B. —60 D. 50
7. Simplify: ——

A. 16 C. -16
MO07-S1C2-01

B. 18 D. —I8

8. Name the quadrant that the point (—4, —2) lies in.

A. Quadrant I C. Quadrant I
M06-S4C3-01
B. Quadrant III D. Quadrant IV

9. Simplify: 12(x +4) — 2x

A. 10x+4 C. 10x +48
MO08-S3C3-03

B. 14x+4 D. 14x +48

10. Translate the verbal sentence into an algebraic equation.

“Four less than three times a number is 20.”

A. 4-3n=20 C. 4-20=3n
MO08-S3C3-03
B. 3n-4=20 D. 3n-20=4

11. Solve: —12+x=8

A x=20 C. x=-20
M08-S3C3-01
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12. Solve: —— =5
.Dolve: ——— =
0
A x=-2
MO08-S3C3-01
B. x=50

13. Solve: 4 —x=10

A x=6
MO08-S3C3-01

B. x=-6

14. Solve: 4x — 18 =-34

A. x=-13
MO08-S3C3-01

B. x=4

15. Solve: x —6x+5=-30

A x=-5
MO08-S3C3-03

B. x=-7

16. Solve: 25=2x-9

A. x=17
MO08-S3C3-03

x=—4
Xx=-5
x=-50
x=14
x=-14
x=13
x=—4
Xx=5
x=17
x=38



B. x=-17 D. x=-8

17. Write the expression using exponents:

A —12-x-y C. 12:x*y
MO08-S1C2-01
B. 81 x>y’ D. 81-x* -y’

18. Factor completely: 50xy”

A 5-10-x-y-y C. 2:25-x-y
MO08-S1C2-01
B. 2:55-x-yy D. 2:55-x-y

19. Find the GCF: 70 and 28

A 2 C. 140
M08-81C2-01
B. 7 D. 14
. 56m’n
20. Simplify:
32mn
28m’ c Tm’n
16 ’ 4
M08-81C2-05
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21. Find the product and express using exponents: 5>

A 5’ c. 25°
MO08-S1C2-01

B. 10 D. 5'

22. Write 0.00036 in scientific notation.

A 36= C. 3.6=
MO08-S1C2-04

8
23. Write E as a decimal.

A. 05 C. 5.
MO08-S1C1-01

B. 1.875 D. 0.53

24. Write 0.48 as a fraction in simplest form.

48 24
100 50
MO08-S1C1-01
12 1
B. — D. —
25 2
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25. Which symbol makes the following statement true?

0.3 Q;

A > C. =
MO8-SIC1-01

3
26. Find the Least Common Denominator of g and E
A. 8 C. 20
MO08-S1C2-01
B. 24 D. 48
23 . .
27. Add: ? + E , write your answer in simplest form.
34 91
A, — C. —
15 18
MO08-S1C2-01
17 34
B. — D. —
9 18

28. Solve: x+4.1=93

A. x=52 C. x=-52
MO08-S3C3-01

B. x=134 D. x=54

o]

s
29. Solve: — = -X
5 38

MO08-S3C3-01
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30. Max drives 8 hours and travels 496 miles. What is the average rate of his travel? (Use d = rt)

A. 3,968mph C. 72 mph
M08-S3C3-02
B. 512 mph D. 62 mph

31. Solve: 5x—12=2x

A x=3 C. x=4
MO08-S3C3-03
_ 12
B. x=-+4 D. x=-=
7
~7
32. Solve: §x— = x—
R X
A x=-12 C. x=-4
MO08-S3C3-03
24
B. x=— — D. x=7
25

33. Solve: 6 -2(x—4)=3(x—4)

A x==2 C. x=26

MO08-S3C3-03
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B. x=- i D. x=- q'é
2 5
1
34. Solve: Z(l 2+ -x
A x=— 3 C. x=- 7
8 2
MO08-S3C3-03
B. x=- ‘2 D. x=-— 7,
8 3
35. Solve: 8(2x — 6) =3(5 + 2x)
A x= @ C. x= ﬂ
10 9
MO08-S3C3-03
B x=_2 D. x=2
14 10
36. Solve: 0.4x+3=x-0.12
A. x=52 C. x=0.15
MO08-S3C3-03
B. x=0.025 D. x=0.52

37. Write an equation and then solve for:
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“Six more than twice a number is three less than the number.”

A 2n+6=3-n; n=-1 C. 2n+6=n-3; n=-9
M08-S3C3-03
B. 2n+6=3-n; n=-3 D. 2n+6=n-3; n=1

38. Write an inequality for:
e s e p——® | |

y 3

I I I I I I I I |
5 4 -3 -2 -1 0 1 2 3 4 5

A x >2 C. x>2
MO08-S3C3-05

B. x <2 D. x <2

39. Solve the inequality: 4 <2x + 10

A x<3 C. x<3
MO08-S3C3-03

B. x>3 D. x> -3

40. The perimeter of the rectangle is 56 feet. Find the dimensions of the rectangle.

X
2x+4
A. 10 ftby 18 ft C. 8ftby20ft
MO08-S3C3-01
B. 16 ftby 40 ft D. 5ftby23 ft

139



APPENDIX H

WORDLES

140



% 3 B gy, AONy
IS ¥R 27
Iy f §
t< .,.«@w 4
tﬁﬂ.s—ﬂ f # “

._hj&.‘\v
m.u.Su_zS § mﬁm:m&# N
aﬁafﬂ_ f. %
}Ga
Lmﬂ_.E.:____._..__-E
S VAN

141



Mis=

Evewune U:IHW Urk |ﬂamnd|Ba[nﬂm Blassnag:[u%:mnh#ﬁacllla||y s

u i w .~ 10Ig
dlﬁemnt 35113' N cu B[hesi P s

........ et El iune“ milfcalin b ™ fagter b uwknuwk

a%il?““ﬁﬁ[ﬁa uwgmmleachg[surnﬂ '"Uh[]mBWl][
e = T

llllll “th u[ retty g 820100 computers
duck  1iohl

142



frackion

though games™® porerenee fasb
|aSE i oin. Yok i
know g s loamed T year
ask fracblonsable aSIer sit

o 2 e undersband € g
Jeally homework ws: %E
bh nk personexal‘nli)'espm,,,em

U someblmes b scoualy Prebby %
Geach he|p I[;Egg bqlpmee beaCheI‘

wMabhen” Fevnobes people o salsa
sker B dmmucﬂ, home  Galkin make o
cicker works Pa" chos g dadwub k%um.:: klndm

143



APPENDIX I

FOCUS GROUP CODING

144






APPENDIX J

IRB APPROVAL

146



To: Daniel Schugurensky

From: Mark Roosa, Chair Soc Beh IRB

Date: 07/06/2012

Committee Action: Exemption Granted

IRB Action Date: 07/06/2012

IRB Protocol #: 1207008000

Study Title: Examining the effects of technology in the math curriculum in grade 9.

The above-referenced protocol is considered exempt after review by the Institutional Review Board
pursuant to Federal regulations, 45 CFR Part 46.101(b)(1) .

This part of the federal regulations requires that the information be recorded by investigators in such a
manner that subjects cannot be identified, directly or through identifiers linked to the subjects. It is
necessary that the information obtained not be such that if disclosed outside the research, it could
reasonably place the subjects at risk of criminal or civil liability, or be damaging to the subjects' financial
standing, employability, or reputation.
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