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ABSTRACT

AMBER ALLMON HARRIS. Comparing effects of two grouping conditions to teach
algebraic problem-solving to students with mild disabilities in inclusivengstt
(Under the direction of DR. DAVID PUGALEE)

This study compared two grouping conditions (Direct Instructgoan
instructional package containing Direct Instruction, Peer AssistathibgeStrategies,
and self-monitoring) on"6and #' grade special education students’ abilities to solve
algebraic equations in inclusive settings. Results show that there wereenertiéfs
between experimental and comparison groups based on students’ abilities to
independently solve one-step equatiolmsaddition to these findings, it was also
suggested that students in bothatd 7' grade levels had similar growth on posttests
after ten days of instruction (witf'@raders scoring one point higher). Results indicated
that students in experimental groups had higher retention rates than students in
comparison groups for up to two weeks after instruction had ended. Finally, results
suggested that there were no statistically significant differenagg®ups’ abilities to
generalize strategies to more complex problem solving; students in bothetneatm
conditions scored approximately eight points higher on posttest measures fay solvi

two-step algebraic equations.
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CHAPTER 1: INTRODUCTION

1.1 Statement of the Problem

Special educators and students with mild disabilities are increaskigly taced
with the impact of high stakes assessments associated with mandatory laves the:
newly reauthorized Individuals with Disabilities Education Improvement(lOEIA) of
2004 and No Child Left Behind Act (NCLB) of 2001. Along with these demands, many
states (e.g., North Carolina, Virginia, and Maryland) are now requiring the etbompbf
algebra courses, in addition to standardized algebra assessments, as reguioe gt
school graduation (Witzel, Smith, & Brownell, 2001). With these initiatives in mind,
educators are placing many special education students in inclusive agtimgs where
many of them struggle without much needed instructional support such as effective
instructional materials, self-management strategies, or acadetoimanodations

(Maccini & Gagnon, 2000; Steel & Steele, 2003).

Mathematics is a common area of difficulty for students with mild digiaisili
For this reason, it is not only important for teachers to be aware of student chalbenges
to also be familiar with instructional strategies that foster matheahdiarning in a
variety of special education settings (Montague, 2003). Established refedirmis
suggest that students with disabilities are often at serious risk of matie foimpared to
their average non-disabled peer, because they do not possess the criticalcaglafianye

for independent problem-solving (Montague & Applegate, 1993). Although many of



these students can acquire basic problem-solving skills, they have diffelaling them

to real life experiences. In such cases, students must be taught how to become more
competent problem solvers and how to apply these skills to everyday use. This can be
accomplished through a variety of evidence-based practices, such as egbtietion

and self-regulation (Montague, Warger, & Morgan, 2000).

Students with math learning disabilities have been described as havingsdefic
the ability to represent or process information in one or all of the many matt@&mati
domains or in one or a set of individual competencies within each domain” (Geary, 2004,
p. 4). Other characteristics exhibited by students with disabilities incléfaeikty with
multi-step problems, misunderstandings of math language, inability to recdlenum
facts, and failure to verify/recheck answers (Bryant, Bryant, & Hammill, 2@@@gini
& Gagnon, 2000; Miles & Forcht, 1995). Each of these characteristics can have a direct
impact on multi-step problem solving, which warrants an urgent need for instructional
attention to be given in this area of mathematics.

Maccini and Gagnon (2000) conducted a study to examine the perceptions of
secondary general and special education teachers towards standatdedrstithe
National Council of Teachers of Mathematics [NCTM]. Using a survey, the author
concluded that special education teachers found effective instructionaibjees (small
group, teacher-directed instruction, and pacing) to be the most important components for
teaching abstract concepts to both students with learning disabilities rid@naotional
disorders (ED). On the other hand, regular education teachers believed that the use of
manipulatives and cooperative learning were the most important aspecthitogeaath

to students with disabilities. This study also indicated that both special aggligen



education teachers believed that the NCTM standards provided a solution to cgnnectin
students with disabilities to real-life problem solving. Teachersdsthtd the standards

not only allowed for equal opportunities, but also provided students with disabilities
access to the same math knowledge as students without disabilities.

In 1997 Carnine suggested that low mathematic achievement often experienced
by students with disabilities could be attributed to mismatches between individual
learning characteristics and instructional strategies used withinads@bm setting.
Instructional designs that often speed through introductions of new concepts and provide
little repetitive review may negatively impact students with legrdisabilities.

Therefore, problem solving strategies which involve both math and/or language (e.g.,
vocabulary, language coding, and memorization) can become particulatgnghay for
students that continue to struggle with mathematics (Bryant, 2005; Geary, 2004;
Hallahan, Kauffman, Weiss, & Martinez, 2005; Jordan, Hanich, & Kaplan, 2003)

Despite the obstacles that special education students often face whetotrying
solve multi-step equations, few researchers have examined the effegesboaal
interventions on students with disabilities. A previous review of algebradditgrature
revealed only six studies involving students with disabilities (Maccini, MgNR&n, &

Ruhl, 1999). In this review, researchers suggested the use of instructional sgquence
which lead students through concrete, semiconcrete, and abstractAevelample of

this type of instruction is the Search, Translate, Answer, Review (SihAR)ictional
strategy. Maccini and Hughes (2000) examined the effects of the STAR)gtoate
algebraic problem solving involving integers. STAR involves searching a word proble

translating the words into a math problem, answering the problem, and reviewing the



answer to make sure that it is correct. This strategy was taught irsépa@eate phrases:
(a) concrete-using manipulatives, (b) semiconengtang two-dimensional drawings, and
(c) abstract- using numerical symbols. Results indicated that students did show
improvements in solving equations involving integers and strategy use.

Witzel, Mercer, & Miller (2003) investigated the impact of a concrete-to-
representational-to-abstract (CRA) algebra model on sixth and sevedthfgath
students’ ability to solve complex equations. Participants in the study wese (@)
classified as LD or (b) at risk of math failure. The CRA model introducekk$isen,
modeled new procedures, guided students through the procedures, and began students at
an independent level. Results found that students in the CRA group outperformed
comparison group students on multiple-variable equations and follow-up maintenance
tests.

Other researchers have found computers as effective tools for teachiorg &bge
students with disabilities. For example, Bottge (1999) investigated #etef teaching
contextualized word problems (CP) using videodisc instruction (simulatingfesal-
problem solving) with below-average and average-achieving middle school students i
prealgebra classes. Six of the students in the remedial class welfeedlasshaving
disabilities (e.g., LD, speech and language deficits, emotionally disalrld Attention
Deficit Disorder). Each videodisc accounted for the application of various mdgh skil
such as proportions, adding/subtracting money, and adding/subtracting fractionts Resul
indicated that students had higher performances on word problem posttests arfdavere a

to generalize problem solving skills to other tasks.



In a separate study, Kitz and Thorpe (1995) investigated the effectiveress of
Mastering Equations, Roots and Exponents videodisc instruction program (System
Impact, Inc., 1989) on preparing 26 students with learning disabilities (LD) fegeoll
algebra. Students were randomly assigned to either videodisc instruction or a control
group. The videodisc program consisted of mastery learning, stranded instruadion, a
support materials to teach equations, roots, and exponents. Participants in the control
group received traditional direct instruction using text-based teachirmgpdsetResults
found that students who received videodisc instruction outperformed the comparison
group on posttest measures (paper-and-pencil cumulative review of exponentsgabsolut
values, equations, and inequalities), while also earning higher grades in their firs
semester college algebra class.

In more recent years, research involving algebra and special educationtsstude
has indicated that students with mild developmental disabilities benefitigiry
structured teacher-based instruction (Butler, Miller, Lee, & Pierce, 200&sbergen,
2003). Methods may include direct/explicit instruction (modeling), self-regulated
instruction (mnemonics, structured worksheets, or graphic organizers) and computer-
assisted instruction (Bottge, 1999; Scruggs & Mastropieri, 1997; Miller, Butlege%
1998). Each of these methods not only provides students with explicit instruction, but
also allows for immediate feedback along with opportunities for drill-aadtige.

In summary, although existing studies haeen associated with increasing the
effectiveness of teaching algebra to students with disabilities, cunstniational
packages surrounding independent problem solving still remain unclear (Bottge, 1999;

Maccini & Hughes, 2000; Witzeét al., 2003). The majority of algebra studies involving



students with disabilities focus on the use of one particular strategytodiegbraic
word problems (e.g., concrete manipulatives, mnemonics, self-regulation, dsepesar
tutoring, or videodiscs) in resource or self-contained settings. These studies have
neglected to teach students with disabilities to work independently without the use of
teacher/peer prompting or computer-assisted instruction leading theflystégp
through the problem solving process.

Although the majority of states believe algebra to be a right of passauggltior
school graduation, mathematic educators see it as part of everyday problem. dvi
an educator and organizer ditfe Algebra Proje¢t Robert Moses (1995), described
algebra as the “new civil rightThe Algebra Projecthttp://www.algebra. org/ index.
html) is a program that seeks to provide quality math education for underprivéleded
minority students. Supporters of the program maintain that algebraieprabolving is
both “powerful” and “liberating.” They not only believe that higher order pracgss
necessary for success on a daily basis, but it also equips students N\githegkied for
equal opportunity in the future job market. The idea of educational equality, along with
previously stated findings, has led to development of this study.
1.2 Purpose of the Study

The purpose of this study is to investigate the use of an algebra instructional
package that combines a set of strategies (Direct Instruction [DI] ABsisted Learning
Strategies [PALS], and self-monitoring) to teach one-step algedgaations to middle
school students with mild disabilities in inclusive settings. The ultimadéaf this study
is to promote student independence in solving algebraic equations (without the use of

prompts expressed by teachers, peers, or computers).



The instructional package (an independent variable) for this study will be
designed to lead students through the process of algebraic problem sobchgi(te
instruction, peer assisted instruction, self-monitoring, and independenceajip@ats
within the study will be exposed to teacher modeling of step-by-step probleimgs
while also learning to implement their own self-monitoring stratebresigh the use of
cognitive prompts. The ultimate goal will be students’ abilities to indepdydeite
one and two-step algebraic equations. The intervention will be divided into five
components: (1) piloting of pretest, (2) pretesting the present level ohstude
performance before instruction begins, (3) instructional time given to stu@nts
posttest measures taken at the end of the instructional phase, and (5) maintenance
measures taken two weeks after instruction has ended. Teacher traihsigwid
increase both regular and special education teachers’ abilities to usstthetional
intervention and to ensure that all teachers have background knowledge on the
importance of teaching algebra to students with disabilities.

Dependent measures collected throughout this study will include individual
student’s ability to complete one and two-step algebraic equations independdralyt w
the use of a self-monitoring checklist. Data will be collected based on stualalties
to correctly solve simple equations using a step-by-step problem solvireggtrat
Solutions to equations will be measured using a 3-point scale. Therefore, students wil
receive: (a) 3 points for writing the correct answer with all work showr®, flmints for
correct use of the problem solving strategy with all work shown, but not receiving the
correct answer due to a fact error, (c) 1 point for an attempt to solve problem with all

work shown, but not using the correct strategy, and (d) O points for not attempting to



answer or show worlBecause strategy-use will be included as part of dependent
measures, students will be asked to use a “metacognitive process” of setfrimgni
during daily problem solving. This is where students will share steps of the problem
solving process with peers along with using a checklist to ensure each steprhas be
completed. Generalization will be collected on more complex two-stepralge
equations.

1.3 Potential Contributions

Although previous studies suggest that current instructional strategiescoamtac
for possible solutions in teaching algebra to students with disabilities, contesesdceh
is needed. Maccini and Hughes (2000), stated that their research wad bynthe fact
that it only focused on one specific type of problem within algebra (solving equations
involving integers); therefore, it is essential that future research begipltoethe
effects of instructional strategies on the many facets surrounding theotohedgebra.

The current study will address this issue by combining a variety of instratttrategies
that have previously been show to benefit students with disabilities, along with also
exploring abstract concepts (solving for more than one unknown variable and
generalization to more complex equations).

Also noted is the importance of continued research in the areas of both problem
solving and computation (Bottge, 1999). This study will ask several questions such as,
“Can students with disabilities improve math computation skills through the process of
problem solving?” and “Will students be able to generalize and maintain thes effect
this multi-step strategy, leading to strategy use with more compldxralgequations?”

A benefit of this research is that it involves innovative instructional method« alhd



using pretests and posttests for both computation and algebraic problem solving allowing
researchers to determine whether students were able to improve both natietkids
through the process of a given intervention.

Previous research by Calhoon and Fuchs (2003) employed a PALS method of
teaching algebra to students with learning disabilities; their studyéal on students
with disabilities tutoring other students with disabilities in self-contaiasdurce
classrooms. With the present emphasis on least restrictive environmentapibiitant
that future research focus on instructional methods used within inclusive settings
Therefore, the current study will implement PALS with peers that are settldd and in
general education inclusion classrooms. In addition, the study will be behieficia
determining whether both students with and without disabilities in inclusivegsetan
be successful in acquiring abstract reasoning skills that are needed todssfliac
algebra.

Potential contributions of this study may provide educators with reliablegtat
to assist students with problem solving in a variety of settings (e.g., sedhoed
resource classrooms, remedial math classes, prealgebra classes, gedrailte
courses). Strategies for instructing students in higher order math skipisesently in
high demand because of mandatory laws (IDEIA and NCLB) that require stwdémt
disabilities to have access to the general curriculum. Teachers dne ooy persons
being held responsible for teaching algebra to students with disabilitelen8t are also
being held accountable for what they have learned. Teaching students to work véith peer
along with self-monitoring strategies, can lead to independence in problem s8kgifig

monitoring strategies will make it easier for students to independeiatlyzarand
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reexamine complex problems, which are necessary in moving to higher level math

courses and eventually leading to a high school graduation.

1.4 Research Questions

This study will seek to answer the following research questions:

1.

Is there a difference between experimental (instructional package mgludi

DI, PALS and self-monitoring) and comparison groups’ (DI only) of middle
school students’ (with mild disabilities) abilities to independently solve one-
step algebraic equations?

Is there a difference between the four individual “classroom assignments” and
their students’ abilities to independently solve one-step algebraic equations?
Is there a difference between experimental or comparison groups’ ability to
maintain the effects of multi-step strategy for at least two weeds aft
instruction has ended, leading to independence in solving one-step algebraic
equations?

Is there a difference between experimental or comparison groups’ ability to
generalize the effects of multi-step strategy, leading to straitegwith more

complex two-step algebraic equations?

1.5 Definitions

Since educational terms can often have multiple definitions, the following

definitions will be used. Knowledge of these terms may be essential to thetanderg

of this study.

Behaviorally-Emotionally DisabledA condition exhibiting one or more of the following

characteristics, displayed over a long period of time and to a marked degree that
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adversely affects a child's educational performance: (a) An inabiliéatn not
explained by intellectual, sensory, or health factors, (b) An inability to build or
maintain satisfactory interpersonal relationships with peers or teaat)ers, (
Inappropriate types of behavior or feelings under normal circumstances, (d) A
general pervasive mood of unhappiness or depression, or (e) A tendency to
develop physical symptoms or fears associated with personal or school problems.
This term includes schizophrenia, but does not include students who are socially
maladjusted, unless they have a serious emotional disturbance (P.L. 105-17, the

IDEA, 1997)

Generalization“Expansion of student’s capability of performance beyond those
conditions set for initial acquisition” (Alberto & Troutman, 1999, p. 495).

Inclusion “the practice of educating all or most children in the same classroonngimg!
children with physical, mental, and developmental disabilities” (McBrien &
Brandt, 1997, p.7).

Individualized Education Program (IEPA legal contract written for each child with a
disability. IEP’s include student’s disability classification, studeptesent level
of performance, annual goals, an explanation of services, projected dates for
duration of services, the extent to which a student will participate in tleraje
education classroom, accommodations, and modifications (IDEA, 2004).

Maintenance“The ability to perform a response over time, even after procedures have

been withdrawn” (Alberto & Troutman, 1999, p. 496).
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Mental Disability “a significantly subaverage general intellectual functioning, exgsti
concurrently with deficits in adaptive behavior and manifested during the
developmental period, that adversely affects a child's educational part@rha

Mild Disabilities: “focuses on four high-prevalence disabilities including: mild mental
retardation, learning disabilities, behavioral disorders, and ADD, as welkéesr br
consideration of other mild conditions such as Asperger Syndrome.

Other Health Impaired“having limited strength, vitality, or alertness, including a
heightened alertness to environmental stimuli, that results in limitededsrwith
respect to the educational environment, that (a) is due to chronic or acute health
problems such as asthma, attention deficit disorder or attention deficit
hyperactivity disorder, diabetes, epilepsy, a heart condition, hemophilia, lead
poisoning, leukemia, nephritis, rheumatic fever, sickle cell anemia, and Eourett

syndrome and (b) adversely affects a child's educational performance.”

Specific Learning Disability’ a disorder in one or more of the basic psychological
processes involved in understanding or in using language, spoken or written, that
may manifest itself in an imperfect ability to listen, think, speak, redtg,spell,
or do mathematical calculations, including conditions such as perceptual
disabilities, brain injury, minimal brain dysfunction, dyslexia, and developmhent
aphasia. Specific learning disability does not include learning problemaréhat
primarily the result of visual, hearing, or motor disabilities of mentatdatan,
of emotional disturbance, or of environmental, cultural, or economic

disadvantage" (IDEA, 2004)



CHAPTER 2: REVIEW OF LITERATURE

The following review of literature is designed to provide a comprehensive and
concise overview of empirical research, providing the rationale for why thentatoely
is essential to special education. As such, this review will reflect bothtraxseé seminal
studies that are key to the development of the proposed study. Therefore, research
reviews will begin from the early 1980’s when the nation’s math wars began. The review
will take an in-depth look into two opposing viewpoints, which include the National
Council for Teachers of Mathematics’ (NCTMAH Agenda for Action:
Recommendations for School Mathematics for the 1980d"the National Commission
of Excellence in Educations’ (NCEE) “A Nation at Risk”. The review will thesgpess
through to the present year of 2009.
2.1 Innovative Reforms for Extraordinary Students

In 198Q “An Agenda for Action: Recommendations for School Mathematics for
the 1980s”(NCTM) was only a foreshadowing of what was to come for mathematics
instruction. This report established eight specific recommendations fasvmgrublic
mathematics education. With these recommendations, the NCTM suggested timas stude
were no longer expected to learn basic computation before moving on to more complex
problem solving. The report stated that math curriculum should focus on problem solving

at all grade levels. Teachers were encouraged to assess studenitsigerés based on
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their abilities to problem solve, work collaboratively, and effectively solviama
problems with the use of calculators, computers, and manipulatives.

More significantly, this report changed the views of educators, politicians, and
parents by drawing much needed attention to the use of higher level thinking skills
Teachers in grades K-12 were expected to use a variety of teachimgdmencluding
mathematical discussions and everyday problem solving techniques to meetithefnee
students at varying levels. Rather than creating “one-size fitsuatitalum and
assessments, teachers began to examine the needs of individual studeraseand m
accommodations based on diversity of the student population. Textbook companies also
took part in the reform by promoting series of texts that focused more on logical
reasoning than basic mathematical computations (Center for the Study ofridatse
Curriculum [CSMC], 2007).

Another critical look at public education was published just three years later in
1983.“A Nation at Risk”(NCEE) reported a decline in our nation’s academic
achievement beginning in the year 1963. The authors stated that betweengloé year
1975 and 1980, there was an increase of 72 percent in college remedial math courses.
This accounted for more than a quarter of our public college students that need
remediation before moving on to higher level mathematics’ courses. The NCEE noted
international discrepancies in our students’ math and science scores, stating tha
American students never scored in first or second place, but scored in lash plané |
of 19 academic tests. Recommendations by the NCEE included an increase in college

math skills, hiring and training of more qualified teachers, and more rigorobso&st
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Although both of these reports were intended to seek reform in public education,

they were by far mostly recognized for their impact on the development ofXhdN

first standards document in 1989 (http://www.nctm.org/standards/focalpoints.aspx?

id=260). The first standards document for mathematics was released by MQDED.

These standards were, first and foremost, intended to “ensure quality, to igd@iste

and to promote change" (NCTM, 1989, p. 2). To assist in public education’s reform,

along with creating mathematically literate US citizens, the NG@EVeloped a list of

five goals (NCTM, 1989, p. 1):

1. Learn to value mathematics.
Students should have numerous, varied learning experiences that
illuminate the cultural, historical, and scientific evolution of mathematics
These experiences should be designed to evoke students' appreciation of
mathematics' role in the development of contemporary society and to
promote their understanding of relationships among the fields of
mathematics and the disciplines it serves: the humanities and the physical,
social, and life sciences.
2. Learn to reason mathematically

Skill in making conjectures, gathering evidence, and building an argument
to support a theory are fundamental to do mathematics. Therefore, sound
reasoning should be valued as much as students' ability to find correct

answers.
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3. Learn to communicate mathematically
To express and expand their understanding of mathematical ideas, students
need to learn the symbols and terms of mathematics. This goal is best
accomplished in the context of problem solving that involves students in
reading, writing, and talking in the language of mathematics. As students
strive to communicate their ideas, they will learn to clarify, refine and
consolidate their thinking.
4. Become confident of their mathematical abilities.
Study that relates to everyday life and builds students' sense of self-
reliance will lead them to trust their thinking skills and apply their
growing mathematical power. School mathematics should prompt students
to realize that doing mathematics is a common, familiar human activity.
5. Become mathematical problem solvers.
Problem solving is the process through which students discover and apply
the power and utility of mathematics. Skill in problem solving is essential
to productive citizenship.
By 1994, the NCTM had established several task forces to determine appropriate
resources for closing achievement gaps in all areas of mathematiesi@uu®©ne
particular group, the Algebra Working Group, acknowledged the notion that “children
can develop algebraic concepts at an early age” and “all students can |elara’alge
(NCTM, 1994, p. 5). This reaffirmed the NCTM’s commitment to goals and assessment

standards previously stated (Middleton & Goepfert, 1996).
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In 2000, the ongoing debate surrounding mathematics education continued. Much
resistance came from parents and educators over the usefulness of thesdsstanda
Therefore, the NCTM began consulting with the American Mathematizéty, along
with several other well respected organizations, to create an updated verkion of t
standards calletPrinciples and Standards for School Mathemati¢sl!CTM, 2000).

Building on earlier reform initiatives, the NCTM identified five conteanslards of
mathematics instruction. These content standards include (a) number and opebations, (
measurement, (c) data analysis and probability, (d) geometry, anddle)aalglthough
NCTM standards are often criticized for their lack of research baseartheyill

considered a vital effort to reform American’s mathematical instnu¢Hofmeister,

2004).

2.2 Issues in Inclusion

Inclusion can be defined as “a process in which children and adults with
disabilities have the opportunity to fully participate in all community actwitiffered to
people who do not have disabilities” (Special Education Programs [Department of
Education/Office of Special Education and Rehabilitative Services], 1996, p.7). Over the
past two decades, many proponents and critics of inclusion have written articles
discussing its positive and negative aspects. Understanding the pros and consioiinclus
can assist parents, students, administrators, special educators, and regatarseiiuc
developing preferred school-wide and community-based inclusive programs.

Over the past two decades, the field of special education has continued to have
many debates concentrating on the pros and cons of including students with igisabilit

within the general education classroom (Crockett & Kauffman, 1998). Althougtafede
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laws are in place that mandate educating students with disabilities wetHeast

restrictive environment (i.elndividuals with Disabilities EducatiorAct (IDEA) andNo

Child Left Behind (NCLB) parents, teachers, and support associations have continued to
voice concerns that students’ needs are not always met within inclusive settings
(Mclesky, Henry, & Axelrod, 1999). With this in mind, we are left to ask, “Does

inclusion really work?” and “How can we give students with disabilitiessscmethe

general curriculum without neglecting the individualized instruction thaftes

needed?”

Decisions of how to best educate students with disabilities have fluctuated fr
one extreme to another. That is, individuals who believe that any type of inclusion is
unfavorable and those who support abolishing special education all together by fully
including all students with disabilities in the general education classrooroglradi
inclusionists). There are also individuals who believe that providing both special and
general education services is the key to academic and social succésddotsswith
disabilities (responsible inclusionists). Therefore, the following paragmsgiihsrovide
an array of theories related to inclusion, along with successful attributesusiancthat
ensure every child with a disability receives a “free appropriate puhlicagion.”

2.2.1 Noninclusion

Critics of inclusion have stated that, “the rationale for restructuringnétusion
is based on moral values, not research data showing that one model is superior to another
in outcomes” (Kauffman, Bantz, & McCullough, 2002, p.150). Although many
inclusionists believe that special education is considered a “separat® Sysivocates

for special education suggest that it should be seen as a service and not a plaogeeDr. J
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M. Kauffman, a noted professional in the field of special education, and retirethigom
University of Virginia, Charlottesville, Virginia, has an extensive nundbgrublications,
including books and research articles focusing on myths about special education and the
negative aspects of inclusion. In an interview with Dr. Kauffman (personal
communication, April, 18, 2005), he stated:
As an across-the-board policy for all students with disabilities, placement
regular schools and regular classes is just plain illegal. The law dethahds
placement decisions be made on a case-by-case basis, and then only after
appropriate education is defined. And it requires the availability and consideration
of a full continuum of alternative placements (including special schools and
special classes), regardless whether advocates call for full inclusion.
| hope people won't be taken in by the idea that inclusion in regular
classrooms and schools are important because we live in an inclusive society. |
think we neither live in nor want an inclusive society--one in which there are no
requirements of interest or competence, never mind other qualifications such as
age or gender for participation in any activity. No, | think we want and should
have (and social justice requires) a society in which you have to meen certai
requirements to participate in lots of activities. Exceedingly few ocaursti
recreational activities, and privileges have absolutely no requiremeotsatsd
with them. No, in our society there are lots of options for most people, but there
are also requirements for almost every one of those options.
Although special education is often criticized for its low expectations andrigbeli

of students, the success of special education should not be dependent on the
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correspondence of special and general education teachers. Its success shoaltidre bas
the quality of instruction (academic and social competence) provided bglspeci
education teachers. Placement in special education classes means thatdgudeeise
instruction that is “different” and “superior” to that of the instruction they have
previously received in a general classroom setting. Special educators not only
individualize instruction to students’ specific needs, but they also provide marsivete
services in small group settings (Kauffman & Pullen, 1996).

Noninclusionists feel that inclusion fosters the perception that every student is
“normal,” but does not foster the expectations of capabilities. They believacheagion
places students with disabilities into regular education settings andtb#enrextreme
accommodations, while lowering student expectations. It ignores studeatslities
and forces them to work primarily on academics rather than teaching thekillhe
needed to lead fulfilling adult lives (Kauffman, McGee, & Brigham, 2004). Toeref
when schools begin to focus on inclusion, special education must shift from teaching
students to become independent to teaching them to become dependent on modifications

and accommodations that are necessary to survive in a general education setting.
2.2.2 Responsible vs. Radical Inclusion

Although critics of inclusion believe that it forces special educators to ehang
their mission, proponents of inclusion insist that it not only benefits students
academically, but also socially (Kauffman, 1994). Advocates of inclusion @flentd
two separate categories. These categories consist of responsible ealdmealdisionists.
Responsible inclusionists feel that both special and general educationdesizhdd

work cooperatively to determine what is best for special education students,adicbd r
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inclusionists feel that all students should be included in regular education (both in the
classroom and in extracurricular school activities). Each of these categaltibe
further detailed in the following paragraphs (Fuchs & Fuchs, 1994).
2.2.3 Responsible Inclusion
Many concerns surrounding inclusion have largely focused on meeting students’
needs through adaptations/modifications of general education curriculum andimstruc
Advocates of responsible inclusion have claimed that individualized instruction is the
quintessential guide to modifying curriculum for all students. Within this madsl
typical that special education teachers are responsible for reduciiogilcum capacity
and teaching remedial skills within the general education classroom. Gitegmeigular
and special education teachers must work cooperatively in modifying the general
educator’s lesson plans based on the needs of individual students (Fuchs & Fuchs, 1994).
Responsible inclusion has been defined as “the development of a school-based
education model that is student centered and that bases educational placementcand servi
provision on each student’s needs” (Vaughn & Schumm, 1995, p. 265). Followers of this
philosophy want to make sure that all students’ academic and social needs aentyffi
being met. They are mostly concerned with making sure that students are prathded w
appropriate academic instruction.
Responsible inclusionists’ primary goal is to place all students with liiezbi
into the regular education setting, unless their needs cannot be met there eTtieyt &2
continuum of special and general education placement options should be made available
to all students with disabilities. In addition, they believe that when radicakinaists

try to eliminate this continuum, they are also eliminating parents’ rightsr@ing to
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IDEA (1997). By radically including all students with disabilities intouleg education
classrooms, the individualized education plan (IEP) process of determining the mos
beneficial placement for a child is violated. Therefore, responsible inclusismsply
want others to realize that placing a child with disabilities into regdiacation is not
always appropriate. For instance, students that are deaf or blind may need a more
restrictive environment, such as self-contained schools designated spgédrdheir
instruction (Wright, 1999).

Responsible inclusionists claim that there is little data-based evidenceflbets
the effects of radical inclusion on students with high-incidence disabilitiesx&onple
learning disabilities (LD) in reading, written language, or math. I they argue that
the existing evidence indicates that students with LD are not acadgmigadessful in
the regular education classroom because of large group instruction with no
individualization (Vaughn & Schumm, 1995). This led special education reseatchers
develop an inclusion model that consists of a set of eight specific guidelireehémis
to follow. These guidelines are (a) putting the student first, (b) providirguatke
resources, (c) developing and implementing school-based inclusive models, (d)
maintaining a continuum of services, (e) continuously evaluating servigergelf)
ongoing professional development, (g) discussing and developing an inclusion
philosophy, and (h) developing and refining curriculum approaches to meet the needs of
all students. Through the implementation of these guidelines, schools are moye readil

able to be effective in their inclusion efforts.
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2.2.4 Radical Inclusion

On the other hand, many advocates for inclusion argue that the continuum of
special education placements should be eliminated altogether. These peoféract re
to as radical inclusionists. Stainback and Stainback (1992) described radical inddusion a
“An inclusive school or classroom that educates all students in the mainstream. No
students, including those with disabilities, are relegated to the fringles s€¢hool by
placement in segregated wings, trailers, or special classes” (p. 34dydéisf inclusion
would abolish the entire idea of special education, including its teachers ssmata
structures.

Other advocates of radical inclusion claim that by putting an end to the continuum
of special education services, it also puts an end to labeling and speciailoedcieases.
They believe that it is necessary to provide services and support within a cgmplete
integrated classroom environment. This is not to say that they are in favoravtiohgc
all students with disabilities into the regular education classroom withoabligation
of providing support. Radical inclusionists believe that specialized services should be
available to all students, including those with or without disabilities, in allrolass
(Fuchs & Fuchs, 1994).

Radical inclusionists often blame special education for the insufficdénbé
general education. They claim that since the implementation of speciatiedugeneral
education teachers have lost their ability to adapt curricula or modify instraict
methods to meet the individual needs of students (Stainback & Stainback, 1992). They
feel that special education has made it too easy for regular educators doadet ri

unwanted students. Therefore, the elimination of special education would assist in
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holding general educators responsible for students that they would ordinarily™shienp
special education.

Whereas one of the goals of radical inclusionists is to cease specatii@alut
general, the ultimate goal is to promote social competence of studentxpldrea&on
for this objective is to help students with disabilities to become active and productive
members of the community. Teaching students with disabilities skills #thaeaded for
daily living will encourage them to be successful with both social and envirorimenta
factors. Snell (1991) declared that the three most important benefits of radigaian
are that it (a) promotes social skills development, (b) improves attitudes sfwideut
disabilities towards students with disabilities, and (c) builds friendshipsebetstudents
with and without disabilities. Therefore, radical inclusionists may mealsarguccess of
students with disabilities in terms of their social acceptance by tsaahepeers without
disabilities.
2.2.5 Making Inclusion a Success

Though there has been research both supporting and opposing inclusion, it is
particularly important to identify attributes of school-wide inclusive pots that help to
make them successful (Hastings & Oakford, 2003). Effectiveness of inclusy@ime
should be evaluated based on their outcomes rather than the beliefs of individuals.
Although much research on inclusion has indicated that it is profitable for both students
with and without disabilities, the debate that still remains is, “How can westgidents
with disabilities access to the general curriculum while also providing indivieaiali

instruction?”
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The good news is that teachers, administrators, and parents alike are ntw able
provide responsible inclusion techniques which allow students of all ages access to the
general curriculum (without neglecting their individual needs for instnoctis a result
of many years of research, we have come to know that successful eviderexd-bas
inclusion practices do exist (Bucalos & Lingo, 20BG¢hs, Fuchs, Mathes, & Simmons,
1997; Hasselbring, 1994, Slavin, 1995; Vaughn, Gersten, & Chard, 2000)

A study by White, Swift, and Harman, (1992) revealed that approximately 86
percent of surveyed parents of children with disabilities in inclusive seimdshat
their child had improved in academics and 62 percent felt that their child’s behastior
also improved. Schattman and Benay (1992) found that students with disabilities in
inclusive settings often work with more talented teachers, are moretiketgate
friendships with same-age peers, and are exposed to higher quality coursewodhibsiea
in self-contained special education settings. The following paragrafisavide
further details supporting the use of effective inclusion practices.

2.2.6 Research-based Inclusion Practices

Bucalos & Lingo (2005) explore the many characteristics of inclusion thiat ha
shown potential for student achievement over the past two decades. In thisattiols
are particularly candid about the challenges faced by students with naibdlitless in
inclusion settings. One overall concern faced by students in both middle and high school
inclusion settings is the issue of accountability. As stated in Chapter 1, studéntsldi
disabilities are increasingly being confronted with the impact of high stassessments
(e.g., End-of-Grade testing in reading, writing, and mathematics and Ebouose

testing in Algebra, Geometry, Biology, Chemistry, etc.) required by atatdederal
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mandates. Because of such mandates many of these students are being plakesivie

settings and left to struggle without additional instructional supports (SteelefeS

2003). To reconcile these concerns, Bucalos & Lingo (2005) created a listaothese

based inclusion practices that work. Among these practices are diffexeémtistruction,

anchoring of instruction, cooperative learning, peer tutoring, and strategiimbea
Differentiated instruction refers to teachers using an assortmentroicienal

strategies to create a classroom environment where teachers and stodemg&ther

rather than the teacher always directing student learning (Tomlinson, 19@8)eA

effective inclusion practice is that of anchoring instruction. The idea of anghori

instruction allows students to gain responsibility for their own understanding. It saippor

the use of cognitive/mental models to help students conduct their own informed decisions

about the content that they are studying (Hasselbring, 1994). This allows stodeotk

on his/her own without continuously relying on the teacher for direct instruction.
Cooperative learning and peer tutoring encourage inclusion techniques that often

work hand in hand. In each of these instructional methods students are typically divided

into heterogeneous groups/pairs. Students are often assigned to groups/pairs based on

ability levels. Students with higher levels of achievement are grouped witmtstwdé

lower levels of understanding. Clear instructions and teacher monitoring@ogant to

ensure that students work towards an ultimate task. The use of both peer tutoring and

cooperative learning can also be effective in that students are allowed tdysthed

thoughts and opinions, while receiving immediate responses from peers and/or group

members (Fuchs et al., 1997; Slavin, 1995; Vaughn et al., 2000).
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Strategic learning is an especially beneficial inclusion technigtleat many
students with disabilities lack the skills to formulate their own stragégrememorizing
or comprehending subject matter (Bucalos & Lingo, 2005). In strategic ledeaicigers
do not simply give students strategies and expect them to use them on their own.
Teachers take class time to model the step-by-step processes dtragiggjes while
also making certain that students receive repeated practice in usirgytiechnique.

Inclusion has not only been identified as an effective practice for students wit
disabilities, but has also been linked to higher academic success for studeos wi
disabilities (Hines & Johnson, 1996; Logan, et al., 1995; Staub & Peck, 1995). For
example, Farlow (1996) found that one particular student without disabilities, (who was
acting as a peer tutor for a middle school student with Down Syndrome) was able to
improve his failing social studies grades to passing grades for the schod\ gepiarate
study by Staub and Peck (1995) found that students without disabilities who were taught
in inclusive settings had (a) less fear when facing individual differergelsigher levels
of understanding the thoughts and feelings of others, (c) greater levdiscoineept, (d)
caring and accepting friendships, and (e) increased personal values.

Although many educators and researchers continue to debate over the proper
aspects of inclusion, one thing remains clear. Years and years of higly-cpsdarch
has provided us with a plethora of opportunities to delve deep into challenges and
resolutions of inclusion. In knowing these details, we are now able to provide students

with necessary supports to help them move forward in their quest for content mastery.
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2.3 Evidence-based Instructional Strategies for Teaching Algebra

While exploring previous research in the area of teaching math to students with
disabilities, it is no surprise that the majority of studies have focused onngéetsic
math computational skills to students with learning disabilifedoser examination of
mathematical research also reveals that it has typically has focused@m8tructional
areas. These areas include DI, peer tutoring, and self-monitoring. Thasendt be
discussed in further detail in the following paragraphs.

2.3.1 Direct Instruction

A seminal event leading to the development of DI curricula began in 1968 during
the implementation dProject Follow Througi{Englemann & Carnine, 1991). This
project originated in the midst of President Johnséves on Povertyand ended nearly a
decade later in 197Project Follow Througtwas designed to determine effective
instructional approaches for teaching students from low-income backgrounds.
Approximately 100,000 students in kindergarten through third grade participated in the
project (Meyer, 1984; Watkins, 1997).

DI, as well as eight other instructional methods (e.g., applied behavior analysi
Piagetian theory, and student-directed open education), were evaluatedrongetieeir
effects on three standardized measures. These measures included spti-baste
skills, and cognitive abilities. Results indicated that students receivisgrpassed
students in comparison groups on all three measures. More specifically, students who
were given at least three to four years of DI significantly outpeedrall other groups in

mathematics problem solving and basic math concepts (Becker & Gersten, 1982).
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Another interesting aspect is that low-income students from the DI group had scor
which corresponded with their same-age peers coming from middle-classduaaigr

Subsequent tBroject Follow Through’dindings, Adams and Engelmann’s
(1996) meta-analysis reviewed 37 studies involving DI and its effects on both gerral
special education students. Of these studies, 173 independent comparisons were made
between DI and non-DI approaches to teaching. Results of the meta-analystedndica
that individuals in DI groups were consistent in outperforming non-DI groups in 87
percent of the cases. Not only did students receiving DI continue to excel into nmddle a
high school years, but at least two of the studies found that DI also improved the
likelihood of students graduating and being accepted into college.

In more recent research surrounding effective instruction, Maccini and Gagnon
(2000) recommended the use of DI to teach mathematics to students with cognitive
disabilities. Their support for DI hails from the fact that DI concentrates ¢tn“obiat”
and “how” to teach. DI not only provides teachers with scripted lesson plans, but also
addresses a variety of components that are beneficial to student sudcessgr(a)
explicit teaching, (b) mastery learning, (c) immediate error caoredid) decreasing
teacher participation, (e) variety of examples and nonexamples, and (f) tuensial
reviews.

Kroesbergen & Van Luit’s (2003) meta-analysis reviewed 58 studies that
spotlighted a variety of math interventiahsit focus on students with disabilities in
elementary settings. Of these studies, the authors found DI and self-montdsanthe

most highly effective instructional methods. In this review, researclo¢esl that DI was



30

found to be most useful in teaching simple math facts, while self-instructgongelf-
monitoring or cognitive prompts) resulted in the acquisition of problem solving. skills

In addition to systematic/explicit instructional methods for teachinenatics,
it is important to note other evidence-based practices that have histoniodtigd for
students in special education. Other research has revealed the use of pegrasiin
effective strategy for teaching algebra to students with disabi(iialnoon & Fuchs,
2003).
2.3.2 Peer Tutoring

Although there are several variations of peer tutoring (Peer-Assisteaigar
Strategies, classwide peer tutoring, or cross-age tutoring), cbedess shown that
working with peers can significantly increase student motivation and attatirmie
academic knowledge (Light & Littleton, 1999; Wentzel, 199%)e majority of
researchers suggest that both tutors and tutees can profit socially andiealiylacross
a number of educational settin@ggsichs, Fuchs, Mathes, & Martiniez, 2002; Rohrbeck et
al., 2003).

Current research, including a synthesis of fifteen studies (Baker, Rus&sk-&
Sik, 2002) which investigated a variety of mathematic interventions, produced eonsist
findings favoring the use of peer tutoring. When students, especially those with
disabilities, have the ability to work collaboratively in small groups or witihspee
incidental learning may occur. By imitating others solving algebraic @nudl students
with disabilities can have the same success in algebraic problem solvimey geeers.
Baker et al. stated, “Research shows that the use of peer tutors to providekieadbac

support improves low achievers’ computational abilities and holds promise as a means t
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enhance problem-solving abilities. If nothing else, having a partner aeaitaptovide
immediate feedback is likely to be of great benefit to a low achiever stigggth a
problem” (p. 67).

Calhoon and Fuchs (2003) used an experimental design with a control to
determine the effects of both peer-assisted learning strategies YBAd Surriculum-
based measurements (CBM) on the algebra performance of secondary studeris with L
in self-contained resource classrooms. Ninety-two students with LD frem skeparate
public schools were randomly assigned to either the treatment condition receiving
PALS/CBM or the control condition receiving instructional methods taught from a
workbook and worksheets. Participants in the PALS/CBM group were first trasned a
tutors, then as CBM assessors. Prior to tutoring, students were taught tepibg-step
feedback, including frequent verbal/written interactions, and to also act a& afthé
CBM intervention helped students to track their own performance by profiling and
graphing skills twice weekly. The results of this study found that although tleeeene
differences between groups on concepts or application math skills, students eWwedrec
PALS/CBM had statistically significant higher scores on computatiorsskill

Although significant gains in the area of math research has giveniteache
guidance on teaching strategies, gradual fading of teacher involvementigt ehen
teaching students to become independent in their own problem solving. One effective
strategy that allows students to assume responsibility for their ownngasrcalled
metacognitive strategies. Metacognitive strategies includesantaeent of instructional
methods such as self-monitoring, self-instruction, self-regulation, cogpitompts, and

cue cards.
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2.3.3. Self-Monitoring

In the 1980s educators became increasingly interested in teaching stuttents wi
disabilities to manage their own behavior and learning. Although not described in the
literature as an area of “mathematics”, instruction in self-monitpdata collection,
comparison, and graphing can provide teachers with important resources on how to teach
these skills within a classroom setting (Browder, Spooner, Ahlgrim-Dekaitis, &
Wakeman, 2008). For example, a teacher may want to have students monitor their
progress on daily multiplication math drills. The teacher may have students to make
predictions about their scores. Students could then be asked to graph their daily progress
on a line graph. This type of data collection would not only allow students to see a visual
representation of their daily progress, but would also give them an opportunity teeanaly
their scores, identify trends, and make changes based on their interpretations.

Several other research findings have shown that self-monitoring affects on
students with mild disabilities (e.g. Attention Deficit Disorders and legrdisabilities)
have increased academic productivity, accuracy, fluency, and on-task behaviors
(Shimabukuro, Prater, Jenkins, & Edelen-Smith, 1999). One such study investigated the
effects of a behavioral self-management intervention on fourth grade studérasdv
without disabilities. Researchers found that students (a) were able to elycsedt
monitor answers to math calculation problems on daily warm-up problems, (b) had
increased math fluency and engaged time, (c) were able to match or exceaththe m
fluency levels of their peers, and (d) made generalizations to improve fluesalyving

math word problems (McDougall & Brady, 1998).
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A comprehensive literature review by Miller et al. (1998), found that 6 of the 14
studies focusing on problem solving used cognitive and/or self-monitoring appré@aches
teach students systematic steps in solving word problems. Individual studies provided
students with at least five, but no more than eight, specific steps in determiniegsaans
to given word problems. During initial instruction of these approaches, studepts wer
given time to memorize, review, and practice each step. Other succesbfahpr
solving interventions found by this review included the use of concrete manipulatt/es a
drawings, direct instruction of numerical facts, schematic diagrams, srahstic
teaching procedures (e.g., scripted lessons). Similarities throughoutttiaies s
indicated that the majority of students were supported through the use of teacher
modeling and immediate feedback.

A related study by Hutchinson (1993) investigated the effects of a selfenpgit
cognitive strategy on the ability of 12 high school students with LD to complete word
problems involving proportions and at least two unknown variables. Interventions took
place in a resource setting. Students in a control group received typical teiaetied
instruction. Teachers participating in the study were first trained to usgnéice
strategy approach through the use of scripted lessons designed by the ivestigat

This approach consisted of two phrases (problem representation and problem
solution). Each phrase required students to follow a self-monitoring cue card that
provided them with successive steps to solving word problems. In the first phrase, cards
cued students to ask themselves questions such as, “Do | understand the problem?” and
“Do | have an entire representation of the problem?” The second phrase cued students t

ask, “What is the unknown?” and “What type of equation do | need to write to solve it?”
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Results showed that students who received the intervention had statisticaflgasig
higher scores on posttest measures. Posttests included algebraic word pratdems
ended questions, and metacognitive interviews with think aloud problem solving.
Students in the cognitive strategy group were also able to maintain andrtthesf
strategy up to six weeks after the intervention had ended.

Most recently, Montague (2003) created 8wdve It!strategy to provide
mathematical instruction to three students with learning disabilities iﬁhtgmﬂe. The
Solve It!strategy consists of four steps including (1) assessing students’ current
performances, (2) providing explicit teacher instruction, (3) teacher mgdahd (4)
providing students with immediate feedback. This program teaches students how to
translate mathematical problems into everyday situations, and then coagilactfor
solving each situation. Students are taught the process of self-regulatidreakithg for
accuracy by verifying answers to each solution. Results indicate8dhat It!
instruction increased students’ abilities to solve abstract mathaimatblems and that
students enjoyed using the strategy and would continue to use it as futumecefere
2.3.4 Summary of Effective Practices

Although direct and explicit instruction has largely been established as the mos
effective method for teaching basic skills in mathematics to students with mil
disabilities (Kroesbergen, 2003), there are several other evidence-basegpthet
lead to promising results. Other effective methods for teaching mathenpatibdm
solving include the use of self-instruction (e.g., cognitive prompts, self-tegylar
self-monitoring) and peer tutoringself-monitoring has been found to be particularly

useful for fading teacher involvement and teaching students with disalditresk
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independently (Hutchinson, 1993; McDougall & Brady, 1998; Miller, et al., 1998;
Shimabukuro et al., 1999; Montague, 200®)jle peer tutoring can have significant
effects on both student motivation and academic qBb&ker et al., 2002; Calhoon, &

Fuchs, 2003; Fuchs et al, 2002; Rohrbeck et al.,)2003



CHAPTER 3: METHODS

This study is designed to compare two instructional grouping conditions on the
ability of students with mild disabilities to solve one-step algebraictiemsa The first
condition will include Direction Instruction (DI) only, while the second conditioh wil
involve an instructional package created by the investigator. The instructickabpa
will incorporate a combination of evidenced-based practices including DI, self-
monitoring, and peer assisted learning. This chapter offers an in-depth des@iphe
methods used to investigate previously stated research questions, along withiolescript
of participants, experimental design, data collection, and analysis of data.

3.1 Participants

Forty-three middle school students with mild disabilities will particijpatbe
study. Participants will be operationally defined as students classifileanvd
disabilities (e.qg., learning disabilities, behavioral disorders, and ADDelhasvother
mild conditions such as Asperger Syndrome) based on their individualized education
program (IEP). This will include a selection of students from four algebra ianlusi
classes within a local school system who are currently enrolletinasid seventh grade
math inclusion classes. The Exceptional Children's Director of a local scisteinsyill
announce the study at the beginning of an Exceptional Children's teacher meeting.

Teachers at the meeting who are interested in participating willzeeadditional
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information about the study (See Appendix A for Letter of Agreement). Demographic
information for students can be seen in Table 1.
Table 1

Demographic Information for Participants

Class 1 Class2 Class3 Class4 Total Percent

Grouping Condition

Inst. Package 11 9 0 0 20 46.5%
DI only 0 0 10 13 23 53.5%
Grade Level
Sixth 0 3 10 13 26 60.5%
Seventh 11 6 0 0 17 39.5%
Gender
Male 7 4 6 6 23 53.5%
Female 4 5 4 7 20 46.5%
Ethnicity
Caucasian 10 6 6 7 29 67.4%
African-American 1 3 3 5 12 27.9%
American Indian 0 0 0 0 0 0%
Asian 0 0 0 0 0 0%
Hispanic 0 0 1 1 2 .05%
Multi-racial 0 0 0 0 0 0%

Teachers, in whose class the study will take place, will be selected ba the

following criteria: high level of interest in participating, grade levedtatients (sixth or
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seventh grade), disability identification of students (mild disabilities)cohéent area in
which he/she teaches (pre-algebra or algebra), and the setting in whichtbacbles
(inclusion math). Both regular and special education students will be invited to
participate in the study. However, dependent measures, including preteststpomsitd
maintenance will be collected for students with disabilities only.

Consent forms will be sent to parents/guardians, while assent forms wiiigne g
directly to the students. The form includes a letter that details the purpibeestéidy
and the kinds of activities in which students will participate. Parents/guardihbge
asked to return the consent forms with signatures within a specified tirod.p&ri
second form and letter will be sent to parents/guardians who do not return the imtial for
within this time period. Phone calls will be made as a follow-up with parents/ goardi
who do not return the second form. Students will sign assent forms so they are aware of
the purpose of the study and their right to withdraw at any time (Consent and Assent
Forms are included in Appendix B).
3.2 Setting

The intervention will take place within four inclusion math classes overn@dper
of 15 school days. Generalization and maintenance data will be collected beginning on
the 18" day. The investigator will be responsible for implementing instruction in both the
grouping conditions (DI and the instructional package).

The investigator will visit the school on at least five occasions before thé actua
instruction begins. The first visit will be to explain the study to the teachdrsef
PowerPoint presentation will be shown and teachers will be encouraged to aslquest

about the study. The next visits will simply be an introduction of the investigator
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students. Because the investigator will be the sole instructor throughoovéiségation,
it is important to build rapport with students before taking over mathematicsiatistr.
On the fourth visit, both assent and parental consent forms will be explained and read
aloud to students. On the last visit assent and consent forms will be collected. Once the
instructional phase begins, the investigator will visit each classroom oly dalsis. The
purpose of visits will be to implement instruction for both groups, along with coliectin
data (administer pretests/posttests) and monitoring student progress.
3.3 Research Design

This study will employ a randomized block design. Students whom are currently
enrolled in sixth and seventh grade inclusion math classes will be randogheds®
experimental or comparison groups. Students will be assessed and put in blocks of two
according to which grade level (sixth or seventh grade) they are cyreantlled.
Students in the sixth grade are in the first block and students in the seventh gjiade ar
the second block. Therefore, the investigator will randomly assign masieslaseach of
the two blocks to one of two grouping conditions.
Table 2

Blocking Conditions by Group

Grouping Conditions

Instructional Package DI

Z
I

©
Z

Blocking sixth grade =10

seventh grade N=11 N=13
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Dependent Measures

Pretests and posttests will be used to measure individual student’s ability to
complete one-step algebraic equations independently without the use of a sedfinmni
checklist. This measure will be defined as the total number of points scored otspretes
and posttests involving one-step equations. One-step equations are those that contain one
unknown variable and require one-step such as addition, subtraction, multiplication, or
division to solve (e.g., 7 + x = 15). Two-step equations will be given as part of pretests
and posttests for the purpose of measuring generalization. This will inthatats’
ability to generalize the instructional strategy to more complex problem solvigg
step equations are those which contain one unknown variable, but require two different
steps such as multiplication/division and addition/subtraction to solve (e.g., 3x + 6 = 12).
Pretests/Posttests measures will only be used for the purpose of dategsaRaints
scored on pretests/posttests (0-45 points) will determine students' abitilependently
solve equations. Dependent measures will not be used to assign grades to students in
math class.

Students will be expected to show all steps involved in the problem solving process.
An assessment of 15 algebraic equations will be given to students on three separate
occasions: Pretest (before the instructional process begins), postteshébnaion is
completed), and maintenance (at least two weeks after instruction is teshplEopies
of assessments will be given to students by the investigator. This is anam@spect of
working with students with disabilities, because it avoids having studenteqapyions
from the board. Students with disabilities often have deficits in processingatfon

(Geary, 2004). Therefore, handing them a set of prewritten equations allows for an
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authentic assessment of problem solving abilities rather than copyirsg Skultlents will
simply be asked to write step-by-step procedures taken to solve each prablesmwi
include (1) bringing down the missing variable, (2) identifying the curremtabpa, (3)
choosing the correct inverse operation, (4) identifying the correct number to add,
subtract, multiply, or divide, (5) correctly solving the equation, and (6) checking the
equation by plugging in the solution to determine if the answer is correct.
Independence in solving one-step algebraic equatibims will be measured based
on an individual student’s ability to solve one-step equations independently without the
use of a self-monitoring checklist. Solutions to equations will be measured using a 3
point scale. Therefore, students will receive: (a) 3 points for writing theat@nswer
with all work shown, (b) 2 points for correct use of the problem solving strategy Wwith al
work shown, but not receiving the correct answer due to a fact error, (c) 1 point for an
attempt to solve problem with all work shown, but not using the correct strategy, and (d)
0 points for not attempting to answer or show waitkerefore, a total of 3 points can be
earned for each equation answered correctly. Since each pretest/polttestan 15
algebraic equations, students will have the opportunity to score between zero and 45
points.

This scale was chosen to ensure that students were able to show evidenaeggf strat
techniques needed to solve each individual equation. By establishing a “no response”
category it encourages students to generate an answer rather than gytivigledbthers
complete the posttest. The scale is not only consistent with the NCTM (200@nasses
standards (providing evidence/argument to support answers, expressing maeghemat

understanding through reading/writing/talking, and applying the problem sohooggs



42

to mathematics), but it also gives researchers and teachers a valuableddlo& int
cognitive steps students are taking in the problem solving process. In additicgritogoff
a point system (between 0 and 45) that is sufficient in distinguishing betweent stude
abilities, points allotted for individual equations (between 0 and 3) are precigghdoou
the researcher and inter-rater to easily reach an agreementbiitgliTaggart, Phifer,
Nixon, & Wood, 1998).
Data Collection Procedures/Instrumentation
Pilot. Prior to actual data collection beginning, a draft of the algebraic problem
solving instrument will be piloted to sixth and seventh grade students with disabilitie
Two math inclusion classes from the approved local school system (that will not be
included in the current study) will be asked to participate. Approximately 15nssuate!
be involved in the piloting process (7 students from the sixth grade; 8 students from the
seventh grade). Students will be given approximately 30 minutes to complete the entir
pilot test. Students will be asked to show their work during the problem solving process
The pilot test will not be included as part of study data nor will it be used for
further data analysis. Information obtained during pilot testing will be used asf jpart
informal evaluation to assist the investigator with future planning. Fisstll ihelp to
determine an acceptable time limit for future pretest and posttests. tNeilltgive the
investigator an opportunity to observe student motivation and determine if students
currently possess the ability to independently solve one or two-step equatidhys.it_as
will provide an assessment for content experts to review for content validity parpos
Pretest All participants will be given a pretest containing 15 algebraic emusat

This will include 10 one-step equations (all with the same level of complexity) and 5
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two-step equations (all with the same level of complexity). This test wiltdstad by

the investigator through the use of content experts (special and regular eduedtion m
instructors). Students will be given exactly 30 minutes to complete the puesiy

this time students will be closely monitored by the investigator and a datatoolihat is
blind to the study. This will determine which students, if any, are not making honest
attempts of answering test problems (e.g., lack of motivation, putting head on dgsk, et
Outliers will be identified and a decision to include/exclude each individualrgtuaé

be decided upon before data analysis has begun.

Posttest Each participant will also be given a posttest measure. This test will also
contain 15 algebraic equations. To ensure that both pretests and posttests have equivalent
levels of complexity (without having the exact problems and solutions), the investiga
will use pretest equations, but consistently add 1 to each numeral within the equation
(e.q., pretest: X + 2 =17, posttest: X + 3 = 18). This assessment will include 1@pne-st
equations and 5 two-step equations. Students will be given the exact amount of time t
complete the posttest as was given for the pretest (30 minutes). AgainiStuileoe
closely monitored by the investigator and a data collector that is blind $tuiihe
Outliers will be identified prior to data analysis and decisions to includafgxavill be
made based on each individual case.

MaintenanceSubsequent measures of students’ ability to solve one and two-step
equations will be collected within the two weeks following instruction. In an attempt
control mediating factors, classroom teachers will be asked not to tedotnmasics that
are algebra-related for the two weeks following the intervention. Thisngllire that

students are not receiving additional instruction in algebraic problem solving. The
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investigator will use the same 15 pretest equations, but consistently add 2 to each
numeral within the equation (e.g., pretest: X + 2 = 17, maintenance: X + 5 = 20).
Students will be given the exact amount of time to complete maintenance testiag a
given for the pretest and posttest (30 minutes).

Independent Variables

Instructional packageThe first independent variable for this study will be an
instructional package developed by the investigator. This package is designed to lead
students through the process of an algebraic problem solving (DI, PALS, and self-
monitoring). This instructional intervention will employ the use of scaffoldinigriecies
to lead students to independence in solving one-step algebraic equations.

The intervention will take place over a period of 15 school days (10 instructional
days, along with 5 days for assessment purposes). Current researchsshgyjésiakes
approximately 10 to 15 days for effective group instruction (Montague, 2003). Teacher
within the study will also be given the opportunity to observe individual intervention
techniques. Pre-intervention training will aim to ensure that teachers haggdac
knowledge of evidence-based instructional strategies, while also emphas&ing t
importance of teaching algebra to students with disabilities. The intervenlidye w
divided into five aspects: (1) piloting of pretest, (2) pretest/presentdésalident
performance, (3) instructional time given to students, (4) posttest measures), and (
maintenance measures.

Classroom assignmenthe second independent variable for this study will be
“classroom assignment”. Although researchers are rarely faced witthoraeffects”

based on classroom settings, one cannot assume that variables in each of the chosen



45

classrooms will be “fixed”. Classroom variables such as years of tgpekperience,
years of teaching in an inclusion setting, number of students in the classroden, gra
level, or educational level of classroom teacher can all have effects on dependent
variables measured throughout an experimental study. Therefore, in aptattem
generalize results to students with disabilities beyond the chosen incleitingss the
use of “classroom assignment” will be used as a sampling design variable ¢iveix
classrooms the student is enrolled). This will allow findings to be gerentabhiza much
larger population (considering it is based on a normal distribution).

This section is designed to give in-depth details of instructional procedutes tha
will take place for both experimental and comparison groups. Since instructidrewill
led by the investigator, it is important to provide specifics by including £3ble plans,
peer assisted learning techniques, and self-monitoring checklists. Provigihgfa
systematic procedures will allow for future replication of this study.|3@ensure the
integrity of this studyit is necessary that both groups receive interventions containing
evidence-based instruction.

Instructional package (experimental groujudents in this condition will
receive instruction incorporating a variety of evidence-based math psa(iiit PALS,
and self-monitoring) for a period 10 school days. Each lesson will be based on the three-
phase instructional model of lesson planning documente®épart to the California
State Board of Education and Addendum to Principal Report Review of High Quality
Experimental Mathematics Reseafehmeta-analysis of 100 research studies by Dixon,
Carnine, Lee, Wallin, & Chard, 1998). Within this report, researchers noted tlaiveffe

lesson plans consist of three phases (see Figure 1).
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Phase 1 (Teacher Input)

Teacher demonstrates, explains, I Students are actively engaged
ask questions, or conducts and actively responding
discussions

Phase 2 (Guided Practice)

Teacher, peers, and/or groups - Students receive feedback,
help with gradual release of corrections, and/or additional
responsibility explanations if needed

Phase 3 (Independent Practice)

Teachers assess students’ ability Students demonstrate ability to

to apply knowledge independently recall knowledge,
only after they have achieved

success during guided practice

Figure 1 Effective phases of lesson planning.

Phase 1 (teacher input) of instruction will begin with approximately 35 minutes of
teacher-led DI. The teacher input phase not only involves teaching of new skilllsdout a
states the lessons objectives, tells students why the skills is importareyevesr
previously taught skills. DI will be based on modifications of scripted lesskeis teom
the Connecting Math Concepts LevepFogram developed by SRA (Engelmann,
Bernadette, & Carnine, 199 onnecting Math Concepis “a comprehensive

developmental mathematics program designed to teach students to compute, solve
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problems, and think mathematically” (Marchand-Martella, 1999-2005). As with all D
programsConnecting Math Concepiiscludes (a) explicit lesson/scripts, (b) choral
responses with visual signals, (c) individual turns, and (d) immediate erroctmonre
and/or affirmation procedures. A sample lesson plan can be seen in Appendix C.
Throughout the DI lesson modeling of self-monitoring will be introduced. At the
end of each equation modeled, the instructor will have a laminated checklist adhered t
the blackboard. The instructor will take time to model checking each step of problem
solving, while also taking time to verify answers for accuracy. Modelingdf step
taken will assist in individual students’ own metacognitive process (Hammer, 1994;
Schoenfeld, 1987 A sample equation with an example of the self-regulation checklist

can be seen in Figure 2.

1. Box X-25= 13
2. Inverse +25=+25
3. Solve 13+25= 38
4. Check Does 38 — 25 =13? Yes

Figure 2.Self-regulation checklist.

After 35 minutes of teacher-led DI, Phase 2 (guided practice) of the legson w
begin. During this phase students will be paired with a peer for approxirBatetinutes
to work through guided practice sessions. Since the study will take placeusioncl
settings, it will be easier to pair students based on ability levels. Thatdentt with
higher levels of mathematical achievement with will be paired with studetit$omier

levels of math achievement. Students in each pair will take turns acting asiteor
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Tutor training procedures will be discussed in subsequent paragraphs. Throughout this
phase, the instructor will give several examples of one-step equationsdentstto

work on. Each pair of students will share a self-monitoring checklist. Both tutrs a
tutees will be given a list of expectations and asked to follow the stejgiby-s
metacognitive procedures to ensure proper problem solving of equations. The instructor
will simply act as a facilitator during this phase by monitoring students aednaoff

additional explanations when needed.

Phase 3 (independent practice for approximately 20 minutes) of instruction will
give students an opportunity to independently recall what they have learned throughout
the daily lesson. Students’ abilities will be assessed in relation to objestied at the
beginning of each lesson. During this phase students will not be allowed to work with
peers, but will be asked to use their own self-monitoring checklists. Thisesnely
important, because it provides the investigator with feedback on student learning and
progress. Since each lesson is planned to serve students in a 90-minute block, there will
be an extra 5 minutes built in for transitions from one phase to another, behavior
management issues, closure of the daily lesson, etc.

Once students have received five full instructional days of DI (along with
metacognitive modeling) and peer assistance, each student will be given duaihself-
monitoring checklist. Individual checklists will be laminated and taped to studksiss.
Students will also be given individual vis-a-vis markers and erasers for ohédisks and
erasing before moving to the next equation. Students will spend the next three school
days learning how to self-monitor their own metacognitive thinking by working with

peers to check each step of the problem solving process.
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The remaining instructional days (two days) will be used to teach students t
work independently without the assistance of peer or teacher intervention. Studlent
be asked to solve simple one-step equations using their own self-monitoringsteeckl
The investigator will spend approximately 25 minutes reviewing DI procedures for
solving equations. Modeling of metacognitive procedures will also be used throughout
the problem solving process. Students will, then, be asked to work independently to solve
a variety of one-step algebraic equations.

DI only (comparison groupfStudents in this condition will receive the same
amount of instruction over a period of 10 school days, which also consists of the 3 phase
model developed by Dixon et al., (1998). Phase 1 of instruction will begin with 35
minutes of teacher-led DI. Daily scripted lessons, along with workbook azsiwill be
followed accurately by the investigator. Each scripted lesson will $edlban a typical 6-
point lesson plan including: (1) objectives, (2) a review, (3) teacher-led DiJi@edy
practice, (5) independent practice with DI checks, and (6) a closursorisewill be
comprised of teacher scripts, along with correct student responses to eacthatgnal t
teacher presents.

The differences between comparison and experimental groups lie within Phases 2
and 3 of daily instruction. Although each phase will be allotted the exact same time
commitments as the experimental group, traditional methods of classroom iostruct
will be used. Therefore, students will not work with peers during guided practiceland w
not be allowed to use self-monitoring methods during independent practice. Lessons wil
be given to participating teachers in both experimental and control groupsatitbé

the investigation. This will allow for future replication.
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Peer tutor training Training will take place as a class-wide activity. On the first
day of instruction, the investigator will take approximately 30 minutes to athi
students on the responsibilities of tutoring others. The importance of working in teams
will be stressed, along with the use of appropriate feedback. The clabs asglked to list
benefits of helping others. They will also be asked to come up with a list of positive
feedback to share with their tutee (“yes, that's right”, “let’s try agaidu‘ve got it”,
etc.). The investigator will take time to show examples of inappropriadedek as well
(e.q., “no”, “that’s not right”, “you are wrong”, etc.). Students will not be asked to share
inappropriate examples to ensure the training remains in a positive direction.

Once peer work has begun, the investigator will simply act as a faciliTdtis
will be done by providing students with clear instructions to complete individual tasks,
while also monitoring students closely to guarantee that they are workingisowa
completing each task. Students will be given a list of expectations to follow kaaiug
the PALS process. Steps include taking turns acting as tutor/tutee, providiediaten
feedback, providing additional explanations/answering questions, sharing seiénngni
checkilist, checking off each step of self-monitoring checklist, showing al,\aod
completing all guided practice problems.

Pairing of tutors/tuteesTo maintain the integrity of peer assisted learning
techniques, students will be placed in peer dyads based on the following procgddures:
teachers will be asked to rank students based on math performances (incluging clas
grades and the previous school year’s end-of-grade test scores), (2} thik hie split in
half (with the top half of the list representing stronger students and the botfom hal

representing weaker students), (3) names from each list will be placed separate
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containers (a container with top list names and a container for bottom list names), (4)
students will, then, be randomly assigned by drawing names from each container and
placing them in student pairs, and (5) classroom teachers will be asked toeaetew
dyad to determine on appropriate peer matches based on abilities and pe¥sonaliti
Data Analysis Procedures

Data from pretests and posttests will be analyzed using descriptive ardtiader
statistics. Sample sizes, means, and standard deviations for pretest astl pesttares
will be reported. Outliers will be identified prior to initial data analysisligcussion of
each outlier will be provided and a final determination to include/exclude individual
cases will be decided upon at this time.

Two-wayanalysis of variances (ANOVAS) containing repeated measures and an
analysis of covariance (ANCOVA) will be conducted to examine the effegioaping
conditions across two measures. These measures will include a posttest inmaédving
and two-step algebraic problem solviogllected at the beginning and end of each
instructional session. There are two independent variables with two betugeots
factor (grouping conditions and class assignment) and one within-subjectsttaeter (
measures of the dependent variabtdying one and two-step equatiprisis
hypothesized that there will be a significant interaction because afedifia effects
between the grouping conditions and class assignments. Finally, effsctvaizee
reported on each outcome measure.

Reliability
Procedural reliability will be measured at least three times duringtém®ention

phase (through the use of lesson plan checklists and a list of peer tutoring expdiat



52

ensure that the investigator is teaching the entire lesson in the appropria{sezde
Appendices D and E) and that peer tutors are following lesson expectations (see
Appendix F). Lessons are designed to follow a certain format, so the chedkisatch
accordingly. Two separate data collectors that are blind to the study selivabthree or
more lessons, for both experimental and control groups, on a variety of occasions to
confirm that each of them is being delivered as planned.

Inter-rater measures will also be used to check for reliability. One &dindr
percent of pretests/posttests will be scored independently by a second rateull Thi
make certain that both pretests and posttests are scored correctly. Agneemmemiages
will be calculated and reported (agreements should equal 90% or higher).
Validity

Content validity will be measured through the use of an expert panel. This panel
will be made up of (a) a special education instructor that concentrates in ¢eaetmto
students with disabilities, (b) a regular education instructor that sgesiati math
instruction, and (c) a statistics instructor that is well-experienceaupglesign. This
panel will be responsible for reviewing all materials including instructiesaon plans
for both experimental and comparison groups, pretests, and posttests. The paregtwill m
on three separate occasions throughout the research experiment to determine if
instructional materials, along with assessments, are aligned to NC i8t&@ulase of
Study for algebraic problem solving, including both one- and two-step equations.
Quality Indicators

Because of much debate involving quality educational research (Gersten, Baker

& Lloyd, 2000; Levin & O'Donnell, 1999; Mosteller & Boruch, 2002; Shavelson &
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Towne, 2002), the consideration of quality indicators are just as critical as tih@dme
itself. According to Gersten et al. (2005), each study must maintain a propér set
standards that lend to more credible research. These standards are designgdaot onl
increase the integrity of experimental research, but also to ensure Eepesraent of
findings. Therefore, Tables 3, 4, 5, and 6 were created to address individual quality
indicators that were carefully regarded throughout the conceptualization anopteset
of this study.

Table 3 describes steps that have been taken to ensure that this study meets
standards for a “high quality” research proposal. To meet this standard, elaeh of t
following indicators must be met: (a) a conceptual framework of why the sudy
important, (b) sufficient information in describing students’ disabilitigsnfervention
for both experimental and control groups are appropriate and described in detail, (d)
outcomes measures are aligned with intervention, (e) appropriate usesbtatat
analysis, and (f) other desirable indicators (e.g., blind study conditions, mairgemahc
generalization, interrater reliability, and content validity).

Table 4, on the other hand, provides quality indicators that warrant completion of
a “high quality” research study. Although many of the indicators appear to beteonsi
with indicators in Table 3, Table 4 provides readers with a means of evaluatitiggsrac
used throughout the study. Careful consideration of each indicator can poterddliy le
a study which provides researchers with innovative and promising new instructional

practices.
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Quality Indicators for Group Experimental Research Proposals

Indicator

How will this be addressed?

Conceptualization
Underlying the Study

Review of theoretical and empirical research literature
surrounding all areas of visual map (teaching algebra to
students with disabilities, self-monitoring, DI, PALS, and
inclusion)

Research questions will be reviewed by content experts i
field of mathematics and special education

n the

Participants/Samplin

gl

To ensure salient characteristics across participants, all
participants will be selected based on the following criteri
o grade level (sixth or seventh grade)
o disability identification of students (mild disabilities
0 setting (inclusion math class)
o IQ scores
An investigator trained specifically to use the algebra
instructional interventions will deliver instruction to both
experimental and comparison groups

b

Implementation of
Intervention/Nature
of Comparison Grouy

Procedural fidelity checklist to ensure that intervention is
followed correctly

Comparison group will receive DI provided by the
investigator

Outcome Measures

A repeated measures ANOVA will be used to provide
descriptive differences between two grouping conditions
An ANCOVA will be used to determine variances betwee
treatment conditions and classroom assignments

Data Analysis

A repeated measures ANOVA will be used to determine
variances between experimental and comparison groups
Effect sizes will be specified in results section

A power analysis will also be provided

Desirable Quality
Indicators

Data collectors/scorers will be blind to study conditions
Maintenance and generalization measures will be gathers
for more complex algebraic equations

Interrater reliability will be measured on 20% of data
Pretest/posttest will be measured for content validity

D
o

( through the use of content experts)
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Quality Indicators for Group Experimental Research Articles and Reports

Indicator

How will this be addressed?

Describing Participants

Participants will be chosen based on IEP classification:s
(Mild Disabilities)
To confirm that all participants demonstrate learning/sg
difficulties the following characteristics will be given

o grade level (sixth or seventh grade)

o disability identification of students (mild

disabilities)
0 setting (inclusion math class)
o 1Q scores

cial

Implementation of
Intervention/Descriptior
of Comparison Group

I

Training of experimental group will be described in deta
throughout Method section

Procedural fidelity checklist will be used to ensure prop
training and intervention techniques

A

er

Outcome Measures

A repeated measures ANOVA will be used to determin
variances between experimental and comparison grouyj
Phases include: pretest, posttests (teacher directed
instruction, peer instruction, self-monitoring, and
generalization)

D

DS

Data Analysis

Statistical results will be reported for each dependent
measure
Effect sizes will be reported

Desirable Quality
Indicators

Attrition rates will be reported in results section
Data collectors/scorers will be blind to study conditions

Maintenance and generalization measures will be reported

for more complex algebraic equations
Interrater reliability will be collected on 20% of data
Pretests/posttests will be measured for content validity

(through the use of content experts)

Tables 5 and 6 address the researcher’s attempts to control for both imdrnal a

external validity. For example, in an attempt to control for internal threatdiditya

(history, maturation, selection, mortality, compensatory rivalry, resentiubdsization,

testing, and experimenter bias) the researcher will use a comparison gioadavge

number of participants, along with collecting data over a short period of timestre

and posttests will be checked for content validity, equal instructional timbewgiven



56

to each grouping condition, and raters will be blind to the intervention. In an attempt to
control for external validity (generalization to different groups, othd¢ingst and
past/future situations), participants will be described in detail, studehteeélve the
intervention with their typical math class, and generalization measuresmesne

complex two-step equations will be collected.

Table 5

Controls for Internal Threats to Validity

Internal Threat How will it be controlled?
History = Comparison group will be used
= Intervention will not extend over a long period
of time
Selection » Random assignment to treatment by classropm
Mortality = Larger number of participants will be used in
the beginning of the study
Compensatory rivalry » Confidentiality agreement

= Control group will be trained to use the
instructional package after the data has been

collected
Resentful demoralization = Equal attention will be given to both
experimental and comparison group
Testing/instrumentation = Tests will be checked for content validity

through the use of content experts
» Retests will be changed using random algebraic
equations of equal complexity

Experimenter Bias »  Study simply compares two grouping
conditions

= No expectations of experimental or comparison
groups being more successful than the other

» Two separate investigators that are blind to the
study will observe three or more lessons (for
both experimental and control groups) to
confirm that each lesson is being delivered a
planned

[72)
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Controls for External Threats to Validity

External Threat

How will it be controlled?

Generalization to different groups

D

Other algebra interventions with varying
populations will be reported, along with
suggestions for future research
Each group of participants will be described i
detail to help readers generalize

o0 Grade level

o disability identification of students (milg

disabilities)
0 average IQ scores

P

Generalization to other settings

Students will receive intervention where they
generally receive math instruction (math clas

\"Z
N

Generalization to past/future
situations

Generalization measures will be collected an
reported using more complex algebraic
eguations

|

In summary, the purpose of this study is to compare two instructional grouping

conditions on the ability of students with mild disabilities to solve one-step ailgebra

equations. Conditions consist of two groups (1) DI only and (2) an instructional package

involving three evidence-based practices (DI, PALS, and self-monitoring). 8ynaffan

in-depth look at procedures and structuring of this study, it possible to maintain both

reliability and validity, while also minimizing internal (history, selent mortality,

compensatory rivalry, resentful demoralization, testing, and experimenteahbedhs

external (generalization to different groups, other settings, and past/fiiateoss)

threats.



CHAPTER 4: RESULTS

The purpose of this study was to investigate the use of an algebra instructional
package that combines a set of strategies (DI, PALS, and self-monitoring¢hootee-
step algebraic equations to middle school students with mild disabilities in inclusive
settings. There were four steps in this study: (1) pretest or present |lsuatient
performance before instruction begins, (2) instructional intervention with stydant
posttest measures taken at the end of the instructional phase, and (4) maintenance
measures taken two weeks after instructional intervention ended.

Student performance in both experimental and comparison groups was compared
to explore individual research questions. Forty-three middle school students with
disabilities were asked to participate in the study. All students thatinvéted to
participate agreed by signing assent forms and having parents sign consentlierms.
experimental group received the instructional package that allowed for fadgangnapts
to teach algebraic equations. The comparison group received DI only. Independent
variables for this study were the grouping condition in which students weraessig
(experimental vs. comparison) and classroom assignment. Dependent measutesl colle
throughout this study included student’s ability to complete one and two-step aigebrai
eqguations independently without the use of a self-monitoring checklist. Data was
collected based on students’ ability to correctly solve simple equations usipghgy-ste

step problem solving strategy.
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This chapter will present results of the data analyses. First, evidence of
procedural reliability, including measures of reliability, and content iakdll be
reported. Next, participating classroom demographics will be provided, along with
characteristics of students which participated in the study. Lastlyesb#s of repeated-
measures ANOVAs and ANCOVA will be reported to reveal effects cf geouping
condition on student performances.
4.1 Procedural Reliability/Content Validity

Procedural reliability was determined three times during the duration of the
intervention phase. The researcher took time to train two separate obserweesehat
blind to the study (unaware of dependent and independent measures). Observers included
two students from the Special Education Graduate Program at the Univeiddstiof
Carolina at Charlotte. Observers were instructed to place a “check” orotieslpral
checklist if the researcher accurately presented the lesson as intendeglacd and
“X” if the item was left out or presented inaccurately. Observers weoeagked to write
notes in the column next to the checklist to ensure that the researcher cowll aagol
problems that may arise during the presentation of lessons.

The first measure was to ensure that the investigator was teachibgd&gsons
as planned. Lessons were observed by the two observers and rated independently. Data
collectors visited each of the four classrooms on three separate occasnstél of 12
visits. While in the classroom, they were given a lesson plan checkligigpeadix D)
to confirm that both experimental and comparison groups were as described in Chapter 3.
Procedural fidelity checklists determined 100 percent accul®@/Agreements/102

Total) of delivery across each of the four classes taught.
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Secondly, observers were given a checklist of peer tutoring expectations (see
Appendix E) to observe throughout lessons reserved for the two classrooms in
experimental group only. This list helped the investigator determine if pees/tutees
were following appropriate tutoring techniques (that had previously been taulgeirp t
Data from the checklists indicated that peer tutors were following &atjmets at an
accuracy rate of 98 perce®3(Agreements/54 Tojal

The third measure of reliability was collected to confirm scoring agnetsniar
pretests and posttests. Trained observers were asked to score pretestdestsl piost
participants to ensure reliability of scoring techniques. Observersingtrected to score
students based on the following scdl&) 3 points for writing the correct answer with all
work shown, (b) 2 points for correct use of the problem solving strategy with all work
shown, but not receiving the correct answer due to a fact error, (c) 1 point fegraptatt
to solve problem with all work shown, but not using the correct strategy, and (d) O points
for not attempting to answer or show watkrandom selection of approximately 33% of
pretests and posttests were scored and agreement percentagescwiatedalnter-rater
reliability agreement was found to be 92 percent.

An expert panel comprised of (a) a special education instructor that consentrate
in teaching math to students with disabilities, (b) a regular education iosttuat
specializes in math instruction, and (c) a statistics instructor thatliexperienced in
group design met on three separate occasions throughout the research experiment.
Materials including pretest, posttest, and lesson plans created by the ateestere
reviewed by the panel to determine the degree to which the materials presergative

of the content area. The panel found that all materials were aligned to t8&aNdard
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Course of Study for algebraic problem solving, including both one- and two-step
equations.
4.2 Description of Class Assignments

The following paragraphs describe each of the four classes participatimgy in t
study. Each description includes the number of students pre-tested and post-tested. Give
that the intervention process lasted for a short period of time (15 days) atat@eriar
both experimental and comparison groups was equal to 0%. Classroom characteristics
will be provided, including teacher demographics, students within each setting, and
length of instructional sessions. Classes within this school were based on 90 ofinutes
block scheduling, therefore, instructional sessions will be described for eéicipping
class.

Class One This class was assigned to the experimental group. It wagrade
inclusion math class with 18 regular education students and 11 special educatios student
(for a total of 29 students). Pretests and posttests were administered tqoaitial s
education students. Students were taught using the instructional package involving the
use of DI, peer tutors, and self-monitoring. This class received approxir@atalinutes
of teacher-led DI, then 30 minutes of peer-assisted guided practice follgv2€d b
minutes of self-monitoring independence.

Class TwoThis class was d'6grade inclusion class with 21 regular education
students and 9 special education students (for a total of 30 students). Pretests and
posttests were given to each of the 9 students with disabilities. Students ioupevgre

also instructed using the experimental instructional package. Thereforatstueteived
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35 minutes of teacher-led DI, 30 minutes of peer-assisted guided practice, amii&& mi
of independent work involving the self-monitoring checklist.

Class ThreeThis class was d"6grade inclusion class with 18 regular education
students and 10 special education students (for a total of 28 students). Studentsiclassifie
as having a disability were pre-tested and post-testedl(Q). This setting was part of the
comparison group which received DI only. Therefore, scheduled lessons included 35
minutes of teacher-led DI, 30 minutes of DI guided practice, and finally 20 miofutes
independent practice.

Class Four This class was d™fgrade inclusion class with 17 regular education
students and 13 special education students (for a total of 30 students). All 13 special
education students were given pretests and posttests. This group was also agart of t
comparison instructional methods which received 35 minutes of teacher-led DI, 30
minutes of DI guided practice, and finally 20 minutes of independent practice witleout t
use of self-monitoring checkilists.

4.2 Descriptive Statistics

Before performing data analyses, it was important to scan the pretesirdata f
normality, outliers, and missing data. This helps to identify outliers and homtgehei
students within the study. Results indicated there were no missing valtess. Af
examining the descriptive statistics, along with a visual scan of boxplotspmalgutlier
was identified. Dependent measures ranged from 0 to 45, with one participant in the
experimental group scoring close to the maximum score of 45 (a score of 34h&nce
score was not unusually far from other pretest scores, it was decided to ihel wdlier

in data analysis. Once considerable outliers were identified, testsrfoality indicated
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that all skewness and kurtosis levels were less than the absolute value of 1.0r&herefo
no serious departures for normality were revealed. Levene's test for homtyogene
indicated that group variance was nonsignificaat.019). The assumption of equality of
covariance was satisfied for all analyses. Otherwise, group sizesrbredual
(experimentah = 20 and comparisam= 23),F is robust against any violation of
assumptions (Stevens, 1999).

4.3 Research Questions

Question number 1. Is there a difference between experimental (instructional
package including DI, PALS, and self-monitoring) and comparison groups’ (DI only) of
middle school students’ (with mild disabilities) abilities to independently solvetepe
algebraic equations?

A two-wayanalysis of variance (ANOVA) containing repeated measures was
conducted to examine the effects of grouping conditions across two measuses. The
measures included pretests and posttests invobnegand two-step algebraic problem
solvingcollected at the beginning and end of the 10 day instructional session. There are
two independent variables with two between-subjects factors (grouping conditions and
class assignment) and one within-subjects factor (two measures of the adepende
variable # of correct one and two-step equatipriswas hypothesized that there would
be a significant interaction due to differential effects between the gguapmditions and
class assignments. The means and standard deviations for the two measurésait alge

problem solving by grouping conditions are reported in Table 7.
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Table 7
Means (Maximum Score of 45), Standard Deviations, and Sample Sizes for Measures of

Algebraic Problem Solving by Grouping Conditions

Group M SD N

Pretest Instructional Package 17.15 9.762 20
DI Only 17.70 9.537 23

Total 17.44 9.530 43

Posttest Instructional Package 39.15 4.891 20
DI Only 39.39 6.081 23

Total 39.28 5.496 43

The assumption of homogeneity of covariance matrixes was found to be tenable
(Box'sM=5.137,p=.182). There was a statistically significant within subject effe(t,[
41) = 579.6,p<.001, ,°=.934], but there was no significant interaction reporfdd,[41)
= .028,p= .868 7°=.001].In addition, results suggested that there was not a statistically
significant between subjects effeEf1,41) = .031p=.861,,°=.001]. The results suggest
that students in both experimental and comparison groups had similar growth pertaining
to pretest and posttest resuliswever, students in both groups made significant gains in
the ability to solve one and two-step equations after receiving 10 days of legther t

instructional package or DI.

Question number 2. Is there an interaction between “grade level” and treatment
conditions on students’ ability to independently solve one-step algebraic equations after

controlling for pretest scores?
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Classroom assignment includes variables which may have mediatiots effe
students’ performances (grade level, years of teaching experienteol/gzaching in an
inclusion setting, number of students in the classroom, and educational level @ioctassr
teacher). Since students from bothaihd 7' grades, along with 4 different teachers
participated in the study it was important to not to make assumptions based on each
student’s classroom assignment.

Although a test of homogeneity suggested that students in both grade levels were
performing on comparable ability levels, we must also take a closer look aidkatst
grade level. Dependent measures, such as pretest and posttest scores, cblyldb@ossi
affected due to predetermined factors that are often out of a researcher’s control
therefore, grade level was a factor that was covaried based on pretestafcstudents.
The following table shows a list of classroom demographics that were coddiolere

purposes of collecting accurate data throughout the study.
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Table 8

Class Assignment Demographics

# of
Total # # of Reg. Teacher's Yearsof Years of
Grade of Sped. Ed. Education Teaching Inclusion
Class Level Students Students Students Level Experience Experience
Class 1 7th 29 11 18 Master’s 6 4
(Experimental) Special
Education
Class 2 6th 30 9 21 B.S. 15 3
(Experimental) Special
Education
Class 3 6th 28 10 18 Master’s
: ) 9 2
(Comparison) Special
Education
Class 4 7th 30 13 17 B. S.
. . 4 4
(Comparison) Special
Education

As stated in the above paragraphs, it was hypothesized that there would be a
significant interaction due to differential effects between the grouindittons and
class assignmentdn analysis of covariance (ANCOVA) was used to examine
differences between treatment conditions and grade level on studentg’talsblve
one-step algebraic equations after controlling for students’ pretessduefore
instruction had begun. As stated previously, the data were screened for ontliers a
normality. Independent variables were type of treatment condition (insetracpackage
or DI only) and grade level {6or 7), the dependent variable walsility to
independently solve algebraic equati@iter 10 days of instruction. The covariant was

pretest scores on 15 algebraic equatidhg means, adjusted means, and standard
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deviations for posttest scores by treatment conditions and grade level ared@port
Table 9.The correlation coefficient between the pretest and posttest was .718, which
suggests an adequate relationship for using pretest scores as a cOvaiateans,
adjusted means, standard deviations, and sample sizes for the algebraic pratabgm sol
by grouping condition and grade level are reported below.

Table 9

Means, Adjusted Means, Standard Deviations, and Samplef@iMsasures of

Algebraic Problem Solvingy Treatment Condition and Grade Level

Treatment Grade M Adj. M SD N
Experimental 6 38.78 38.83 5.59 9
7" 39.45 39.67 4.50 11
Total 39.15 4.89 20
Comparison 6 38.50 37.74 6.62 10
7" 40.08 40.44 5.81 13
Total 39.39 6.08 23

The assumption of homogeneity of regression lines was examined and found to be
tenableF (1.39)=.1.275,p=.266. The results of the ANCOVére reported in Table 10.
There was not a significant difference between treatment conditions orlgvatien the

adjusted posttest for solving algebraic equatiéns,ss=.969,p=.331
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Table 10

ANCOVA Results

Source Df Mean Square F Sig.
Corrected Model 4 227.86 24.24 <.001
Intercept 1 8990.39 956.36 <.001
Pretest 1 894.48 95.15 <.001
Group 1 .26 .03 .868
Grade level 1 32.88 3.50 .069
Group*Grade Level 1 9.11 97 331
Error 38 9.40

Total 43

Corrected Total 42

These results suggest that there were no differences between ttezinuitions
or grade levels on the ability to independently solve algebraic equations. Results al
suggest that both grade levels had similar growth pertaining to posttets; leswlever,
students in the®grade had slightly higher posttest scores (approximately by 1 point or
less) after 10 days of instruction.

Question number 3. Is there a difference between experimental or comparison
groups’ ability to maintain the effects of multi-step strategy for at least twosvadiek
instruction has ended, leading to independence in solving one-step algebraic equations?

Measures based on maintenance of the dependent variable were collected
approximately two weeks after total completion of both experimental and cemmpari
instructional methods had ended. Maintenance of results are not only important to this

study, but are considered to be a quality indicator that ensures reliable findimgs w
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experimental research (Gersten et al., 2005). Therefore, maintenance measuding
means and standard deviations for the two measures of algebraic problem solving by
grouping condition are reported below.

Table 11

Means (Maximum Score of 45), Standard Deviations, and Sample Sizes for Pretest,

Posttest, and Maintenance Measures by Grouping Condition

Group M SD N
Pretest Experimental 17.15 9.762 20
Comparison 17.70 9.537 23
Total 17.44 9.530 43
Posttest Experimental 39.15 4.891 20
Comparison 39.39 6.081 23
Total 39.28 5.496 43
Maintenance Experimental 40.95 4.371 20
Comparison 34.04 6.011 23
Total 37.26 6.302 43

A two-wayanalysis of variance (ANOVA) containing repeated measures was
conducted to examine the effects of grouping conditions across preteststosiie
maintenance (collected two weeks after all instructional sessions hat) &xste scores
involving one and two-step algebraic problem solvifigere was one independent
variable with two between-subjects factor (grouping conditions) and one withiresubje
factor (three measures of the dependent variableing one and two-step equatipns

The assumption of homogeneity of covariance matrixes was not violated (Box's
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M=7.402,p=.339). There was a statistically significant within subject effe,[82) =
334.2, p<.001,,2=.891], and there was also a significant interaction reporR( §2)

= 10.09,p<.001,,°=.198]. In addition, there was not a statistically significant between
subjects effect(1, 41) = 1.17p=.286,,°=.028].

A graph of the interaction can be seelfrigure 3 The results of this interaction
imply that although students in both groups scored similar measures on pretests and
posttests, students in experimental groups continued to score comparable points
(approximately one point higher than posttest) for up to two weeks after mathtinstruc
had ended. Furthermore, students in comparison groups had lower test scores
(approximately five points lower) than previously collected during posttessumes,
therefore, suggesting that students that were taught using the instrustiockadje (DI,
PALS, and self-monitoring) were more likely to retain problem solving siesteigan

students whom only receive DI.
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Figure 3.An illustration of the interaction between grouping conditions and pretest,

posttest, and maintenance test scores.
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Question number 4. Is there a difference between experimental or comparison
groups’ ability to generalize the effects of multi-step strategy, leading to strategyths
more complex two-step algebraic equations?

According to Alberto & Troutman (1999, p. 495), generalization refers to the
“expansion of student’s capability of performance beyond those conditions setibr init
acquisition”. To determine if students were able to perform skills beyond what was
taught during the 10 days of instruction, generalization measures weré¢ecbllBao-
step equations (five of the 15 equations) were given as part of pretests aestpbst
the purpose of measuring complex problem solving. Two-step equations are those which
contain one unknown variable, but require two different steps such as multiplication/
division and addition/subtraction to solve (e.g., 3x + 6 = 12). Measures of genemalizati
from both pretests and posttests, including means and standard deviations for the two-
step problem solving by grouping condition are reported below.

Table 12
Means (Maximum Score of 15), Standard Deviations, and Sample Sizes for Pretest and

Posttest Generalization Measures by Grouping Condition

Group M SD N
Pre-Generalization Experimental .65 .988 20
Comparison .78 .998 23
Total 72 .984 43
Post-Generalizatior Experimental 9.15 4.891 20
Comparison 9.43 6.006 23

Total 9.30 5.453 43
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A two-wayanalysis of variance (ANOVA) containing repeated measures was
conducted to examine the effects of grouping conditions on students’ abilépé¢oadjze
instructional strategie® more complex two-step algebraic equatiolmfie assumption of
homogeneity of covariance was found to be tenable (B&x'2.422,p=.514). Although
there was not a significant interaction reported[ 41) = .011p=.919, ,°<.001], there
was a statistically significant within subject effee(], 41) = 133.55p<.001,,°=.765].

In addition, there was not a statistically significant between subjdets, (1, 41) =
.047,p=.829,,°=.001]. Results suggest that there were no statistically significant
differences in groups’ ability to generalize strategies to morglenproblem solving.
Students in both groups were found to receive higher scores (approximately 8 points
higher) on posttest measures for solving two-step algebraic equations.

Summary

The current study compared two grouping conditions (DI only and an
instructional package) ori"@&nd 7" grade students’ (with mild disabilities) ability to
solve algebraic equations in inclusive settings. Results concluded that thereowere
differences between experimental for comparison groups based on studeititss &dil
independently solve one-step equatiolmsaddition to these results, it was also suggested
that students in botH"6and 7' grade levels had similar growth on posttests after 10 days
of instruction (with ¥' graders scoring a mere 1 point higher).

Further results indicated that students in experimental groups had higimgioret
rates than students in comparison groups for up to two weeks after instruction had ended.
Finally, results suggested that there were no statistically sigmifittkerences in groups’

ability to generalize strategies to more complex problem solving. Students in both
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treatment groups scored approximately 8 points higher on posttest measuobsrigr s

two-step algebraic equations.



CHAPTER 5: SUMMARY AND DISCUSSION

The purpose of this study was to investigate the use of an algebra instructional
package that combines a set of strategies (DI, PALS, and self-monitoring¢hootee-
step algebraic equations to middle school students with mild disabilities in inclusive
settings. The ultimate goal of this study was to promote student independencenigp solvi
algebraic equations (without the use of prompts expressed by teachers or peers).
Classrooms were initially selected based on the following criteriatdgnts
must beclassified as having a mild disability (e.g., learning disabilities, behealvi
disorders, and ADHD, as well as other mild conditions such as Asperger Syndrome)
based on their individualized lesson plan (IEP), (b) the classroom in which the student
currently recieved math instruction must have been an inclusion setting, andgi@dée
level in which the students were currently enrolled must have been sixth or seventh
grade. Therefore, four classrooms from one particular school was chosen ipaiartic
Prior to data collection, students were assigned to peer hasesl on the
following procedures: (1) teachers were asked to rank students based on math
performances, (2) this list was then divided into two lists (stronger and wstakents),
(3) names from each list were placed in two separate containers, (4) stuelenthen,
randomly assigned by drawing names and creating student pairs, andgf®joctas
teachers were asked to review each dyad to determine appropriate pees ivadeleon

abilities and personalities.
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Once data collection began, dependent measures included pretests and posttests
based on individual student’s ability to solve one-step equations independently without
the use of a self-monitoring checklist. Solutions to equations were measured 8sing a
point scale. Students received: (a) 3 points for writing the correct ansvaeailivtork
shown, (b) 2 points for correct use of the problem solving strategy with all work shown,
but not receiving the correct answer due to a fact error, (c) 1 point for apiattesolve
problem with all work shown, but not using the correct strategy, and (d) O points for not
attempting to answer or show woilkherefore, a total of 3 points could be earned for
each equation answered correctly. Since each pretest/posttest containetiriicalge
equations, students had the opportunity to score between zero and 45 points.

During instructional sessions, the researcher acted as the instructohfor bot
experimental and comparison groups. Students in experimental groups received an
instructional package (PALS, DI, and self-monitoring checklist) and students in
comparison groups received DI only. Dependent variables were analyzedasivgy
ANOVAs with repeated measures including two between-subjects factdrsne
within-subjects factor. All other data were analyzed using ANCOVA (greteasures
determined as covariate).

A randomized block designith pretest and posttest was used for this study.
Students were assigned to experimental or comparison groups using a randomkzed bloc
design. Students in the sixth grade were placed in the first block and students in the
seventh grade were placed in the second block. Therefore, individual classrooms from
each block were randomly assigned to one of two grouping conditions (Expetimenta

instructional package or Comparison: DI only).
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5.1 Discussion

Discussion of results from this study will be presented in a manner redated t
specific research questions. Recommendations for future research andtionditor
practice will be presented to provide educators with effective techniquiesatiing
students to work independently to solve a variety of skills related to math problem
solving.

Question number 1. Is there a difference between experimental (instrucizmhkale
including DI, PALS, and self-monitoring) and comparison groups’ (DI only) of middle
school students’ (with mild disabilities) abilities to independently solve epe-st
algebraic equations?

The researcher found that when middle school students with mild disabilities are
taught using either DI or an instructional package containing DI, PALS edfnd s
monitoring they were able to solve one and two-step algebraic equations independentl
Findings from this particular study parallel that of previous research, widddates that
direct and explicit instruction has largely been established as the mativeffaethod
for teaching basic mathematic skills to students with mild disabilitiese@bergen,

2003).

Although students in both experimental and comparison groups made substantial
gains in algebraic problem solving, the current study broadened specialieduc
literature by combining three effective research-based praeticepresenting them in a
strictly controlled environmenfs stated at the beginning of this study, the majority of
algebra studies involving students with disabilities simply focus on the use of one

particular strategy to teach algebraic word problems (e.g., concrete nasingsyl
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mnemonics, self-regulation, cue cards, peer tutoring, or videodiscs). Prior $tankes
also neglected to teach students with disabilities to work independently withouétble us
teacher/peer prompting or computer-assisted instruction leading theflystégp

through the problem solving process.

The instructional package (an independent variable) for this study was designed to
lead students through the process of algebraic problem solving (teacher mistetr
assisted instruction, self-monitoring, and independence). Participants withindie s
were not only exposed to teacher modeling of step-by-step problem solving, but also
learned to implement their own self-monitoring strategies through the usgrotive
prompts. Therefore, the ultimate goal of students’ independently solving one and two-
step algebraic equations was accomplished.

As mentioned in Chapter 2, Calhoon and Fuchs (2003) used the PALS method of
teaching algebra to students with learning disabilities. Similar to prestodes, this
study focused on the use of one instructional method, PALS, where students with
disabilities were tutoring other students with disabilities in self-coathresource
classrooms. The current study made use of the PALS method of teaching butelyitimat
chose peers without disabilities to alternate roles (acting as tutoritbestudents with
disabilities in general education inclusion classrooms. This allowed studehés i
experimental group to discuss solutions to problems and provide support to one another
when errors occurred. Since the majority of PALS research suggest that batlatator
tutees can profit socially and academicéfychs et al., 2002; Rohrbeck et al., 2003), it
is safe to say that when studewith disabilities are given the opportunity to share

tutoring responsibilities they can be successful in solving algebraic @osiati



78

Question number 2. Is there a difference between the six individual “classroom
assignments” and their students’ abilities to independently solve one-step algebraic
equations?

Although students in botH"éand 7" grade participated in the study, results
suggest that there were no differences between experimental or congegatment
conditions or grade levels on the ability to independently solve algebraic equations. In
addition, both grade levels received almost equivalent scores on posttests, wittsstude
in the 7" grade scoring less than 1 point higher. With this in mind, we can now conclude
that both treatment conditions had comparable effects on student achievement in both
grade levels.

This finding is interesting, because the typical educator would assumé&'that 7
grade students would score higher thAmyfade students on any given academic
measure. What must also be taken into consideration are mediating factorsythavea
an effect on student performance. With this in mind, all classroom factorsaearented
for and pretests were used as covariates. Results indicated that regardézgesehnt
condition, grade level, teacher experience, or teacher education, students /&ye abl
make significant strides (approximately 22 points higher than pretest)sicoties ability
to solve one and two-step equations independently.

Question number 3. Is there a difference between experimental or comparison groups’

ability to maintain the effects of multi-step strategy for at least two weeks afte

instruction has ended, leading to independence in solving one-step algebraic equations?
Because classroom teachers agreed not to provide instruction or revied telat

algebraic problem solving, it is fair to say that students receiving thactistral
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package were more likely to maintain the ability to independently solve algebrai
equations. Furthermore, students in comparison groups had lower test scores
(approximately five points lower) than previously collected during posttessumnes,
therefore, suggesting that students that received the instructional packagaore
likely to retain problem solving strategies than students whom only receive DI

The importance of this finding focuses specifically on the ability of students
work independently once teachers have stopped teaching simple equations and move on
to more complex problem solving. The majority of regular education teachers ptan the
lessons based on a curriculum pacing guide, thus, moving students along from one grade
level objective to the next. Special education teachers are no exception to thisrrule
this reason, many students with disabilities are often “left behind” gtiligtto master
skills that were taught earlier in the year. The instructional package ndeanhes
students to feel comfortable asking peers for assistance, but also givestbaEm
monitoring technique that can be used for the simplest algebraic objectivadsmhe-
step equations) to the most complex equation (those with several missing variables

DI lessons, alone, rarely take time to teach students how to monitor their own
learning. For this reason, students with disabilities are often confusedefhalohe to
work independently. The process of allowing students to work with peers, while als
using their own self-monitoring techniques, gives them a strategy for selguagions
without ongoing teacher assistance. Consequently, when students are left alore to sol
algebraic equations they are equipped with the tools needed to successfullyeomple

their assignments without relying on prompts given by teachers or peers.
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Question number 4. Is there a difference between experimental or comparison groups’
ability to generalize the effects of multi-step strategy, leading to strategyithsaave
complex two-step algebraic equations?

Generalization measures were collected to determine if studentshete atilize
problem solving techniques taught during the 10 days of algebraic instructionlfor ski
needed to solve more complex equatigigiough students were able to generalize
effects of this multi-step strategy (leading to strategy use witkstep equations), results
indicated that there were no statistically significant differsriween experimental and
comparison groups. Students in both groups scored approximately 8 points higher on
posttest measures than previously measured pretest scores. As a resufinafitigy, one
could consider the use of DI or the instructional package as being a successful
instructional method for teaching math strategies to students with mild disabil

In 2000, Maccini and Hughes stated that their research was limited, because it only
focused on one specific type of problem within algebra (solving equations involving
integers). Researchers recommended that future mathematicsthesteaunld explore the
effects of instructional strategies on the many facets surrounding theotohedgebra.

The current study was able to address this issue by combining a varifectve
instructional practices into a 90 minute lesson plan which addressed abstract concepts
(solving for more than one unknown variable) along with collecting generalizatian dat
surrounding more complex equations.
5.2 Limitations and Recommendations for Future Research

Although this study found that combined instructional strategies can account for

possible solutions in teaching algebra to students with disabilities, thexesexaral
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limitations suggesting that continued research is still needed. Liomsaticlude length
of study, focusing solely on quantitative data, and not allowing typical classeaaimets
to deliver instruction. Recommendations for future studies include longitudinal data
collection, true randomization of treatment conditions, collecting qualitasesarch
measures, and allowing typical classroom teachers to deliver instructithwe fourpose
of collecting standardized data. Further details of limitations and recomcharetes of
math research are provided in the following paragraphs.

First and foremost, the length of the intervention was not considered ideal for
optimal learning effects. Due to time restraints, this study involved shdrtene
instructional periods with even less time to assess students to determihentine
interventions contributed for more positive classroom environments. Future hesearc
using a longitudinal study with true randomization would help to address severaef the
concerns. It would be advantageous for researchers to begin instructionahtites/e
prior to pre-algebra courses. This would allow for students with disabilitiespaungr for
algebra at an early age (e.g., sixth or seventh grade).

True randomization could easily occur at this phase. Researchers could sandoml
place students in either treatment condition prior to entering middle school. $jnce D
PALS, and self-monitoring are all considered effective research-beseittps, no
students would be at risk of receiving improper instructional techniques. Research
could, then, continue the study by following students throughout their entire educational
career.

In addition, this study only focuses on quantitative data collected based on one

component of algebraic problem solving (solving equations); therefore, ieistiesshat
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future research explore the effects of this strategy on the many fagetsnsling the
concept of algebra. The instructional package could easily be implemented d@sragtea
mechanism for a variety of abstract concepts of algebra, such as $ohimknown
variables found in word problems, organizing and solving proportions, or visually
graphing equations.

By collecting quantitative data, we are only beginning to scratch the suvfan
it comes to teaching algebra to students with disabilities. Data collectedure
research should not only focus on quantitative measures of students’ abilitiesp but als
look into teacher, student (both special and regular education) and parent perceptions of
treatment conditions, including peer tutoring and self-monitoring techniques. This can be
done by collecting qualitative measures, for example, social validity davays, or
one-on-one interviews at the beginning and end of the instructional process.dt is als
possible to delve into social consequences that the instructional package may have on
self-esteem, student behavior, motivation, etc.

A separate limitation of this study is that it did not include a comparison group
that received instruction from their typical classroom teacher. In@mitto control for
teaching and classroom effects, both intervention and comparison groups \gbtdiau
the researcher (a trained professional in the area of DI, PALS, andmsetbnmg) in a
tightly controlled setting. Consequently, we do not know what effect students’ usual
classroom teachers would have on the performance of posttest measures.

Additional areas of research may include training special educationteéche
develop their own instructional packages. Classroom teachers generally kirow the

students better than anyone. By allowing teachers to develop their own insttuctiona
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packages (combining a set of given research-based practices), reseanglielesarn to
listen to teacher instincts rather than their own. Once teachers haveldecige
instructional package, group or single subject comparisons could be investigated on the
basis of each individual classroom.

Since the majority researchers do not have time to teach an entire semeste
year-long course, collecting data for a larger population of individual etassrcould
be a challenge. Researchers who are interested in the effects of corelfeitige
practices into instructional packages could simply monitor classroom te&mhers
procedural reliability on a weekly basis. Hence, standardized data coulddmtembly
looking at end-of-grade or end-of course math scores of teachers partgcipatie
study.
5.3 Implications for Practice

These results are not only important to researchers, but they can also be helpful in
assisting special and general educators with current instructionabapps needed for
students that struggle with abstract mathematical concepts. This studywélong
previous research has revealed the use of peer tutoring as an effedirgy $tna
teaching algebra to students with disabilities (Calhoon & Fuchs, 2003). Sintenadi
teacher-directed instruction does not always lend itself to the motivation of student
learning, it is important to note that student motivation can often be increased when
students have the opportunity to work with peers. When students, especially those with
disabilities, have the ability to work collaboratively in small groups or withspee

incidental learning may occur. By imitating others solving algebraic @nudl students
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with disabilities can have the same success in problem solving as their pedcsriba
have disabilities.

It is no surprise that students with mild disabilities often lack cognitivgiei
such as memory, attention, and self-monitoring that can have a detrimestabeff
mathematical learning (Montague, 2007). With this in mind, researchers stigdesstlf-
monitoring is a strategy that must be taught to students through explicit aet styst
instruction (Geary, 2004; Montague, 2007; Jerman & Swanson, ZBdnples from
previous research include individualized checklists created for students basediad the
of errors each student was making in the problem solving process (Dunlap & Dunlap,
1989), using audiotapes recorded by students to walk themselves through the steps of
math computations (Carran, Rosenberg, & Wood, 1993), and teaching students to select
their own self-monitoring goals (on task behavior, fluency, and accuracyglleassw
recording their own results (DiGangi, Maag, & Reid, 1993).

Although researchers tend to have alternating views surrounding the concept of
self-monitoring/self-regulation, one thing remains constant; researageze that self-
monitoring creates opportunities for students to be actively engaged in their own
learning. Boekaerts and Corno (2005) suggested that teaching studerusfinelt self-
monitoring strategies instills a sense of good work ethic. When students learkto w
effectively they are less reluctant to letting obstacles, such as lgaminemotional
disabilities, get in their way and more likely to focus on their own effoggetéhem
through a variety of academic dilemmas.

In order to proceed with the use of these findings, it is important to educate

teachers, students, and parents about benefits of the instructional package, including DI
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PALS, and self-monitoring. This should be done through support given by school

systems. Many school systems are currently training teachers to ussHods for

teaching a variety of academic areas. Training teachers may seensiikple solution

to improving education for students with disabilities, but teachers alone cannot be held
accountable for such an important undertaking. Parents and students must also take on the
role of responsibility.

Teachers and parents must be taught how to provide students with opportunities
to learn and work independently. This can be accomplished through teacher/parent
trainings or conferences. Teachers must first understand the importance of the
instructional package. The idea of allowing students to work with peers, then monitor
their own instruction rather than depending primarily on teacher or parept&ysstep
instructions is essential to teaching and raising socially productive.adults

This instructional package has the potential to not only benefit students
academically, but also socially. By allowing students to empower theessahstead of
always relying on teacher and/or parental input, students can take ownership in their
abilities. DI lessons are typically scripted and rely on teacher-dir@wd&guction without
the use of peer tutoring or self-direction; therefore, at-risk studentét@neunable to
complete assessments or homework independently without DI signaling ¢urgduc
feedback. This is not only concerning for teachers, but also for parents whendrying
assist their child with homework assignments.

The second recommendation from this study is the use of the instructional
package in a variety of academic areas (e.g., reading, writing, and otlseofarea

mathematics). Previous studies have indicated a variety of effectiveegesdar students
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with disabilities, with this study being no exception. The fundamental goal chtaoluc
is to teach students to become self-sufficient adults. Though researcherstatfidiale
techniques that are practical in the classroom, they are not always suithel®utside
world. For example, DI is considered one of the most effective strategiesching
students with disabilities (Kroesbergen et al., 2003), but when students leave the
classroom they have to depend on their own abilities to survive in the real world.
Eventually, these same students will become adults and begin their own careers. When
left to rely on their own strategies for discovering and maintaining intowmahey can
simply turn to peer assistance and self-monitoring. The instructional patgadhes
students to ask for help from their peers and to monitor there own learning, which is
essential to being successful in all of life’s challenges.
Conclusion

This study revealed that middle school students with disabilities in médisiom
settings made significant gains in the ability to independently solve algeipaations.
Findings concluded that there were no differences between groups which redeived D
only or groups that received a combination of DI, PALS, and self-monitoring on posttest
scores. In addition to these results, students in both grade levels made comrsgiensbl
in algebraic problem solving. Maintenance procedures indicated that student
experimental groups had higher retention rates than students in comparison @rops f
to two weeks after instruction had ended. Finally, results suggested thatstodsoth
treatment conditions were able to generalize problem solving strategiese complex

two-step equations.
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Dl is often used in classroom throughout the United States. Although DI enables
students to be successful in a variety of academic areas (Kroesberje 2003), the
combination of DI, along with peer assisted learning and self-monitoring allows for
continued maintenance of skills attained. Not only does this combination of learning
techniques promote the preservation of learning, but also improve student&€satmliti

generalize strategy use with more complex problem solving.
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APPENDIX A: LETTER OF AGREEMENT

W‘ Exceptional Children’s Department
2 Irene Meier, Director
Rowan-SathurV PO Box 2349
= Salisbury, NC 28145
School System Phone: 704-639-3064
Maximizing Learning for Maximized Success Fax: 704-639-3072

October 1, 2007
To Whom It May Concern:

| am writing this letter to offer district level support for the UNC Coidel research
investigation entitled “Comparing Effects of Two Grouping Conditions to Teach

Algebraic Problem-Solving to Students with Disabilities in Inclusiveilggt’ The
Rowan-Salisbury schools seek to collaborate with institutes of higher eduaati

doctoral students on research investigations designed to improve student achievement for
students with disabilities particularly in the area of mathematics.

| have discussed this proposed investigation with Mrs. Amber Harris, doctoraitstude
and the school site has been identified. Mr. Skip Kraft, principal at Southeast Middle
School, has expressed his support for this investigation and will provide Mrs. Hanris wit
access to the identified 50 middle school participants and classrooms. We havesa middl
school coteaching model which will offer the investigator access to studentsusive
settings as outlined in the prospectus.

Our district looks forward to collaborating with UNC Charlotte and Mrs. Harrisign t
important research investigation. Please do not hesitate to contact me at 704-639-3064 if
you have any questions.

Sincerely,

Irene Meier
Director of Exceptional Children’s Programs
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APPENDIX B: PARENTAL CONSENT AND STUDENT ASSENT FORMS

Informed Consent for Algebra Study
Parent

Educators and students are increasingly being faced with the impact of kiggh sta
testing. Along with these demands, the state of North Carolina is now requiricgntipéetion
of algebra courses, along with algebra tests, as a requirement for high seddaatign.
Therefore, this study is designed to deliver carefully chosen instructiead students to solve
simple algebra problems. First, overall strategies will be used to helpi@smdent
independence in problem solving. Secondly, student responses to instruction will be observed to
note any changes in math skills. Third, a simple quiz will be given to determindehss are
able to solve 15 algebra problems independently (without the help of peers or teatdeca).

Investigators
Amber Harris, Doctoral Student, UNC-Charlotte
David Pugalee, Ph.D. Curriculum & Instruction, UNC-Charlotte

Eligibility
Your child’s teacher has volunteered to learn new and exciting strategezshing
algebraic equations to middle school students. As a student in this teachermocas
your child is being invited to participate in this study.

Overall Description of Participation
You child will participate in math lessons during their regularly scheduleld chedses.
In addition, your child may be asked to work with peers acting as both peer hdors a
tutees. A test of math skills, including 15 simple equations, will be administerectéke
before the lessons begin and again when they have completed 10 days of instruation. Thi
test will only be used for the purpose of this study. Your child will not be assagne
grade for this test, nor will it be used to assign grades to students in math class

Length of Participation
This study will take 10 days of participation during your child’s regularheduled math
block (lasting 90 minutes).

Risks and Benefits of Participation
There are no foreseeable risks associated with this study. However, gildetsat
unforeseeable risks do exist. Possible benefits include improved educationalesuteom
your child. The results of this study will also be used to improve services fomaithdie
school students in the area of algebra.

Confidentiality
Any information collected during the study (including teacher/student nanadesails),
will remain confidential. Once data has been collected, all of its contents mgludi
pretests, posttests, and scoring rubrics will be placed in a locked filing tcabine
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Volunteer Statement
Your child is a volunteer. The decision to agree to your child’s participationsistily
is completely voluntary. If you decide to have your child participate in the,sgody
may stop his/her participation at any time. You and your child will not be dreate
differently should you decide not to have him/her participate or if you decide to stop
his/her participation in the study once it has started.

Alternatives to Study Participation
If you choose not to have your child participate in the study your decision wilffact a
your relationship with your child’s teacher/school or your child’s medle now or in
the future. Students not participating in the study will receive standastaas
instruction from their everyday classroom teacher(s).

Questions
If you have any questions about this study, please feel free to contact Aarbisrat
704-701-9837 or David Pugalee at 704-687-8887. Thank you for considering this request.

UNC Charlotte wants to make sure that you are treated in a fair and respecther.

Contact the University’s Research Compliance Office (704-687-3309) if youangve
guestions about how you are treated as a study participant.

Name of Child

Name of Parent or Legal Guardian

Signature of Parent or Legal Guardian Date

SIGNATURE OF INVESTIGATOR OR DESIGNEE

In my judgment the subject is voluntarily and knowingly giving permission for hishlel to
participate in this research study.

Name of Investigator or Designee

Signature of Investigator or Designee Date

***This form was approved for use on August, 1, 2008 for a period of one (1) year
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Student Assent
Algebra

You are being asked to join an algebra project. In the beginning, you will be asked tate@mple
10 problem algebra quiz. Then, Mrs. Harris will begin teaching your class for th&éhdays.
In the end, you will also be given a separate 15 problem algebra quiz. We hope thatebis proj

will help you to work independently in solving algebra problems.

You do not have to be in the study. Your grades will not be changed if you do not join the
project. You can leave the project at any time. No one will become upset if yide teteave.
You can ask questions about the project at any time. If you choose not to participate in t

project you will stay with your regular classroom teacher(s) fathrmstruction.

An adult has read this to me. My choice is:

Yes NO

Student Name Date

Investigator Date
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APPENDIX C: SAMPLE LESSON PLAN

Direct Instruction Sample Lesson

Objectives

Write and solve equations that have one missing variable
Write equations using pictures to show the Equality Principle

Review

Script:

Look at the following problems | have written on the overhead.

1.5+X=8 4. X+10=19 7. 10+ X =10
2.6+X=16 5. 8+X=14 8. 4+X=11
3.X+2=9 6. 30 + X =35 9. 7+X=12
¢ What does each of these problems have in common? (take student answers)
e Yes. All of them have an equal sign and all of them have a missing variable.
e An equal sign means that we must use the Equality Rule for each equation.
e Remembering the Equality Rule, let’s recite it as a group. Ready. (Sigfal) must
end up with the same number on this side and the other side of the equation.”
e Write the following problem from the board.
5+X=8
e Let'sread it aloud. Remember we want to end with the same number on both sides.
e Ready. (Signal): “Five plus X equals eight.”
e How many on this side now? (pointto 5+ ....) Signal: “5”
e How many do we need to end up with on this side? (pointto ....=8) Signal: “8”
e (Teacher will go through each of the overhead examples, asking the follQusre

equation equal on both sides? What do we need to end up with on this side to make them
equal?

Teacher Input

Script:

Each of these equations is a new type of problem. They each have a missing.variable
Therefore, they do not give us the number we need, so we must figure it out ourselves.

We use the Equality Rule to help us. The Equality Rule says we must end with the same
number on both sides.

Let's get started. What variable are we solving for? (Signal) “X”
Draw a box around it.

5+|§=8
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e Touch the problem. Read the problem aloud. (Signal) “5 + how many = 8”

e First we determine the side that gives us the total we should end up with. Which side
gives us our total? (Signal) “8”

e This is the side we start counting on. Touch the side you start counting on.

This side tells me to draw a total of 8 lines. Ready. You count and clap as [Sigal)

“1,2,3,4,5,6,7,8"

Remember, we want to end up with the same number on both sides.

What number do we have on the other side? (Signal) “5”

How many do we need? (Signal) “8”

You count as | start drawing lines. Tell me when to stop. (Signal)

Ex. 5+D =8

RN RN RN

¢ Now, both sides are equal. Are going to write an 8 in the box? No.
e What number goes into the box and replaces the variable? (Signal) “3”
e Repeat above steps with problems 2 and 3.

Guided Practice
Script:
e We are going to work problems 4, 5, and 6 the fast way. Let’s get started.

e We draw linenly for the variable that is missing.

e For example, here we need a total of 19, but only have 10. We need to add more until we
get a total of 19.

e Let’s start counting with the number we already have. That is 10.
4. X+10=19

e You count and | will draw the lines. Ready, starting with 10 held in our heads (Signal)
“11, 12, 13, 14, 15, 16, 17, 18, 19. Stop”

How many lines did | draw? (Signal) “9”

So what number replaces the missing variable? (Signal) “9”

Read the entire equation aloud. (Signal) “9 + 10 = 10”

Is this correct? Does 9 plus 10 equal 197? “yes”

Repeat above steps with problems 5 and 6.
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Independent Practice
Script:
¢ Now, you are going to work problems 7, 8, and 9 independently.
e | will walk around to ensure that you are working them correctly.
e Please be sure to ask if you have any questions.

After approximately 5 minutes check student work aloud as a group:
e Let’s check your work.

e Look at equation 7. Let’s read it aloud. (Signal) “10 + 0 = 10”

e Look at equation 8. Let’s read it aloud. (Signal) “4 +7 = 11"

e Look at equation 9. Let’s read it aloud. (Signal) “7 +5 =12"

Closure
Script:
e Today, we have reviewed the Rule of Equality and determined if an equation is equal on
both sides.
e You have also learned how to find missing variables by using the slow method of solving
equations.

e Tomorrow, | will teach you a much quicker method of solving simple one-step equations.
Begin thinking of a see-saw and how each side of it must possess the same amount of
weight to remain balanced.

e This is how we will begin to balance each side of an equation in tomorrow’s lesson.
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APPENDIX D: PROCEDURAL FIDELITY CHECKLIST (EXPERIMENTAIGROUP)

Experimental Group Procedural Fidelity Checklist
(Instructional Package)

Approximately 35 minutes of daily teacher-led DI
(scripted lessons, choral responses with visual signal, individual turns,
immediate error correction/affirmation)

Statement of objectives & why skill is important

Review of previously learned skills

Approximately 30 minutes of guided practice

Students paired with peers for PALS

Tutors/tutees share self-monitoring checklist

Approximately 20 minutes of independent practice

Assessment of student knowledge

Approximately 5 minutes for closure of lesson (review of what students

learned)



APPENDIX E: PROCEDURAL FIDELITY CHECKLIST (COMPARISON GRUP)
Comparison Group Procedural Fidelity Checklist
(Direct Instruction Only)
Approximately 35 minutes of daily teacher-led DI
(scripted lessons, choral responses with visual signal, individual turns,
immediate error correction/affirmation)

Statement of objectives & why skill is important

Review of previously learned skills

Approximately 30 minutes of guided practice

Students work independently

Approximately 20 minutes of independent practice

Students work independently

Approximately 5 minutes for closure of lesson (review of what students

learned)
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APPENDIX F: PROCEDURAL FIDELITY CHECKLIST
(PEER TUTORING EXPECTATIONS)

Peer Tutoring Expectations
Procedural Fidelity Checklist

Tutors provide immediate feedback

Students take turns acting as tutor/tutee
student 1 tutors fot Ralf of equations

___ student 2 tutors fof%half of equations
Tutors provide additional explanations/answering tutee questions
Tutors/tutees share self-monitoring checklist
_______Tutees check off each step of self-monitoring checklist
Students show all work

Students complete all guided practice problems
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