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Abstract

This study presented a theory in which assistive technology and body kinesthetic helped
students understand concepts taught in the regular education classroom. The study included
students already identified and diagnosed with a learning disability (LD). The research is based
on cognitive theories that state that cognitive development could use alternative representation to
have a deeper impact in the way Students with LD process information by activating different
parts of the brain that are involved in the learning process. The study included students from 9th
thru 12" grades. Students were selected from the ones receiving services from the special
education department (N=69). The current students receiving special education services
identified with a learning disability are Forty-three. From this group students with LD thirty-four
were selected to participate in the research (n=34). They were divided into 2 groups with the
same number of students. One group formed the treatment group and the second one control
group. A paired t—test was use as analysis tool in order to appraised the effectiveness of the
treatment which is expected to have a significance difference (p<.05) on the students that
received the treatment. The students will manipulate 2D and 3D objects using their body in a
dynamic way. The objects will be projected on a surface on which the student will interact with
it. The scope of this work will be constrained to mathematical concepts, but it could be applied to

any subject taught at schools.
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Chapter 1 Introduction

1.1 Historical Perspective of Special Education

It was due to the civil rights movement that rights of the handicap population started to be
considered an important legal issue. In 1954, Brown vs. Board of Education of Topeka, Kansas.
(Friend & Bursuck, 2002) ruled in favor of providing equal access to education for minorities.
Since then there have been several acts to ensure there is access to services provided by the
federal government. (Friend & Bursuck, 2002)

Based on the principal of equal opportunity and equal access, disability rights activists
saw the opportunity to include individuals with disabilities. Before this date there were already
groups trying to fight the segregation that students with disabilities were experiencing. In 1972,
Pennsylvania Association for Retarded Children v. Commonwealth of Pennsylvania ruled that all
the individuals have the right to a free and appropriate education. The students that suffer from
severe disabilities were institutionalized or stayed at home while the ones with less severe
disabilities that did enroll in public schools were likely to dropout. ( Friend & Bursuck, 2002)In
1973 section 504 of the Vocational Rehabilitation Act P.L. 93-112 ensured that entities or
programs that were receiving federal funds did not discriminate against students with disabilities.
(See the Rehabilitation Act of 1973)

It was not until the mid 70’s when the Congress passed the Education for All
Handicapped Children Act, better known as public law 94-142(P.L. 94-142) This law was the
landmark that required the school districts to have a free and appropriate public education and

least restrictive environment settings. (Friend & Bursuck, 2002)



In 1986, the federal laws extended the protection of individual with disabilities to include those
from birth to age five. This law has been known has Public Law 99-457 (PL 99-457)

In the early 90’s the Americans with Disabilities Act passed to make employment and
public places accessible to the individuals with special needs, extending section 504 of PL 93-
112. (Friend & Bursuck, 2002)The PL 93-112 act was amended several times before Congress
changed it to the Individual with Disabilities Education Act of 1997 (IDEA ’97) This act was
again re-authorized in 2004 by Public Law 108-446 (PL 108-446) act and has been known as
IDEA ’04. Under the IDEA’04 Act the lawmakers and advocates tried to give an appropriate
education to the student with disabilities by considering all the parts involved in the education of
the student. By doing this, Congress tries to give a tailored education according to the needs of
each student. A cornerstone of this legislation was the creation of a multidisciplinary team. This
team included the parents or guardian of the student, regular education teacher, special education
teacher, educational diagnostician, school administrator, and any other person that provides
services to the student or that is involved on his or her education. Also the student could be in the
team if is in the best interested of his education. This team shareed their opinion with the other
members in a meeting in order to discuss the educational progress and concerns that any member

could have concerning the academic progress of the student (PL 108-446)



1.2 Learning Disabilities Spectrum in an Educational Environment

A learning disability (LD) is defined as a neurological disorder that will affect the way
the brain processes information; the distinctiveness of a student diagnosed with a learning
disability is going to be echoed in a difficulty to read, write, organize ideas, spelling, reasoning,
recalling facts ideas and information. National Institute of Neurological Disorders and Stroke
Learning Disabilities Information, (NINDS, 2009) Under IDEA the definition for a specific
learning disability is:

“A Disorder in one or more of the more of the basic psychological processes involved in
understanding or in using language, spoken or written, which disorder may manifest itself in the
imperfect ability to listen, think, speak, read, write, spell, or do mathematical calculations.” (IDEA’04)

Under this type of disability, there is a wide range of specific conditions that could impair
learning. The student diagnosed with a learning disability could experience one or more of these
conditions. One of these impairments is dyslexia which is a language based disability that
consists of trouble understanding written words it may also be referred to as a reading disability
or reading disorder. (NINDS, 2009) Dysgraphia is defined as a writing disability in which a
person finds it hard to form letters, write within a define space, inappropriately sizes spacing
between letters and misspells words despite proper instruction. (NINDS, 2009)

Dyscalculia is defined as a mathematical disability in which a student has some kind of
difficulty following steps or procedures to solve or decipher math related problems. (NCLD,
2009) Another kind of disability under the learning disable spectrum is when a student has
difficulties understanding language despite normal hearing and vision. This is defined as an
auditory and visual processing disorder. (NCLD, 2009) Non-verbal LD is defined as a

neurological disorder that is originated in the right hemisphere of the brain. This problem affects



visual spatial, intuitive, organizational, evaluative, and holistic processing functions, (Thompson,
1996) Any learning disability will be more noticeable when the child starts attending an
institutional environment, which would required him to develop specific cognitive skills.
Students with LD would struggle to develop skills according to the grade that he or she is
enrolled and with respect to the majority of his age-peers classmates. The literature cluster of
cognitive developemntal skills and the school grade gives the means to compare general
education population versus the students with LD. The child with a learning disability would
experience lacking of different skills according to the grade in which his enrolled. (NCLD, 2009)
Students with LD could start speaking later than his age peers, have pronunciation
problems, handles basic vocabulary words, of have problems acquiring new words. In some
students with a LD they are unable to or are slower to find the proper words, also the rhyming of
words does not make sense to them. Children with LD could have trouble learning and recalling
basic facts like numbers, alphabet, days of the week colors, shapes. Since the child has not
developed his communication skills it would be easily distracted and could have trouble
interacting with peers due to lack or weaknesses in verbal expression. This lack of
communication skills makes following directions or routines difficult. Also, fine motors skills

are weak or developing which makes writing and other academic tasks difficult. (NCLD, 2009).



1.2.1 Kindergarten thru Fourth Grade
In the early school years, the LD will be more noticeable. The children with LD could have
problems learning the connection between letters and sounds. They could have problems with
basic words (i.e. run, eat, want) Students with LD tend to make consistent reading and spelling
errors including letter reversals (d / b), inverting letters (m / w), transportations (fault / left),
substitutions (house / home) When the LD child starts working with numbers and math symbols,
they also would experience difficulties. Representing number sequences in the right order could
represent a challenging activity for them.

When working with arithmetic signs (+, -, x and /.), they may have problems relating
these signs to mathematical operations required to solve mathematical expressions. Students with
LD have shown that they are slow to remember facts and learn new skills. They rely heavily on
memorization. Their behavior is often perceived as impulsive having difficulty to plan head, and
having trouble learning about time. Their fine motors skills are still underdeveloped, which could
be observed by an unstable pencil grabbing, also they could have poor coordination, unaware of

physical surroundings, which makes them prone to suffer accidents. (NCLD, 2009)

1.2.2 Fifth thru Eighth Grade
Students with LD may experience reversing letter sequences ( solid / soiled, left / felt ).
They are also slow learners when they deal with prefixes, root words and other spelling
strategies. It is a common trait that student with LD will try to avoid reading aloud. They may
struggle decoding word problems. Students with a LD would have difficulty with hand writing;
they will present a tight pencil grip or light grip making them to avoid writing assignments.

Students with LD would experience slow or poor recollection of facts. In the social environment



they would have difficulty making friends since they have trouble decoding body language and
facial expression. (NCLD, 2009)
1.2.3 Nine Grade and Above
When the Students with LD gets into high school they typically continue to spell

incorrectly and frequently spells the same word differently in a single piece of writing. It is very

common that Students with LD avoid reading and writing tasks, they tend to work slowly. The

student with a LD would have trouble summarizing, and miss reading open-ended questions on
assessments. Also they may have a poor grasp of abstract concepts. (NCLD, 2009). It is common

that students with LD show weak memory skills, paying little attention to details or focus too

much on them. Students with LD also have difficulty adjusting to new settings. (NCLD, 2009).

1.2.4 Facts about Learning Disability
Fifteen percent of the U.S. children (1 in every 7 students) have some type of LD,
according to the national center for learning disabilities. (NINDS, 2009) The most common
disability for a learning disability student is reading. Eighty percent of the students with LD have
reading problems. LD is considered hereditary, but there are also other environmental factors
that can produce it. Ninety percent of the students will read normally if they receive help by the
first year of elementary school, and seventy-five of children who receive help after the age of

nine will have some kind of difficulty throughout their life. (NINDS, 2009)



1.3 Differential Instruction and Leaning Disabilities
Differential instruction is implemented to address the different learning styles of the students.
The way differential instruction is achieved is by providing an opportunity to learn according to
individual ability during each subject area.(Deshler,1996) This is an effective approach for the
students with learning disabilities of any type. These types of strategies are not only beneficial
for the special education student but also for the general education students (Deshler,1996) Every
teacher has a different approach when using differential instruction. There exist common
teaching strategies among the different types of subjects.

According to Deshler (1996), teaching adolescents with learning disabilities requires the
use of advance organizers for note taking and summarizing, peer tutoring, direct instruction, self
evaluation and self regulation, classroom arrangement, seating charts, classroom environment,
and educational aids. The classroom interventions need to focus on the strengths and not the
weaknesses. Teachers that serve LD populations need to collect information about performance
in school, and outside school. This could be achieved by interviewing the student, direct
observation, educational and medical history. The parents of a LD student should be included in
the team by the teacher making a teamwork which could monitor ongoing progress and learn the
weakness of the student. This information will help understand the particular needs of the child,

helping to set the appropriate strategies to deal with the disability. (Bender, 2002)



1.4 Differential Instruction for LD Using Assistive Technology

Before 1988 the use of assistive technology was not mandated until the Technology
Related Assistance for Individuals with Disabilities Act of 1988 commonly known as the Tech
Act. (P.L. 100-407) During the next decade, the federal government recognized the importance
of this tool. (McMillan, 2003)

This act was amended by the Assistive Technology Act of 1998 (P.L. 105-394) by
extending funds for the use of AT. Under the Individuals with Disabilities Education Act, 1990
(P.L. 101-476) IDEA’90, and 1997 (P.L. 105-17) IDEA 97 the implementation role was first
outline the role of school districts implementing AT (IDEA’90) and afterwards for the
consideration of implementation of AT in the IEP’s of the student. (IDEA’97). IDEA ‘04 defines
an Assistive Technology device in section 300.5 as:

“Any items, piece of equipment or product system, whether acquired commercially off

the shelf, modified, or customized — that is used to increase, maintain, or improve the

functional capabilities of children with disabilities.” (IDEA’04)

The use of technology should be balanced within every lesson. It can very tempting for
teachers once they have access to technology to use it inappropriately or to sometimes abuse it.
(Bender, 2007) Every technology has a specific propose in our lesson plan. According to the
literature, teachers can use software for drill and kill exercises to help the student gain fluency in
certain tasks (Bender, 2002) but there is a common misuse of technology by using it to fill up
lesson plan. The use of assistive technology should balance out and in no way be used as a
substitution for the regular instruction. As mentioned before the use of technology should give

the student a save environment like a sandbox where through experimentation they will



understand the concept under study. (Bender, 2002)

1.5 Purpose
The purpose of this study was to investigate the effect of using 2D and 3D computer
graphics which students with LD could manipulate using their body. These computer

representations will be related to the current high school math curriculum of the state of Texas.

1.6 Hypothesis

Based upon research that states the possibility to develop new brain pathways, This
research addressed the creation of brain pathways in students with LD. Individuals that suffer
from brain degenerative illness ( i.e. Alzheimer, Parkinson, schizophrenia diseases) experience
cognitive problems very similar as students with LD when information is presented by a
traditional methods, and in those cases has been possible to remediate their condition by
presenting information in an alternative representations.

This research addressed the creation of alternative brain pathways in Students with LD by
representing mathematical concepts using 2D and 3D computer graphics objects, which the
student would manipulate and transform with their body in order to gain kinesthetic stimulus

when manipulating such objects.



Chapter 2 Literature Review

2.1 Cognitive and Brain Development

Thanks to more powerful MRI (Magnetic Resonance Imaging) scanners, the brain
activity can be observed with detail using a variation of an MRI called fMRI (Functional
Magnetic Resonance Imaging). (Goldberg, 2002) This brain scanner is able to visualize the
different parts of the brain being activated while the person is performing an activity. Using
fMRI it is possible to observe that by age of six the brain is ninety-five percent of its adult size
(Giedd, 1999) Inside the neo cortex or cerebral cortex which is also referred as “gray matter”. is
where the cognitive process takes place. At the frontal part of the brain is where the judgment,
organization, planning and strategizing processes take place. This function of the brain is also
refers an executive function. (Sowell, 1999)

The maturation of the frontal part of the brain starts at adolescence. The maturation
process of the gray matter peaks at about age eleven in girls and twelve in boys, which is about at
the same time as puberty. After this maturation process, all the extra connections are eliminated
(use it or lose it). This are that is located in the frontal lobe of the brain is the one that has change
the most across human evolution. The brain experienced several developmental curves. The first
wave of over production of interconnections occurs around the 18 month of life. In 2-year
interval, the second wave is manifest by actual ticking of gray matter (Giedd, 1999)

The Corpus callous connects the two brains (left and right) and takes part in the creativity
and ability to solve problems, higher type of thinking; it changes a lot throughout the childhood
and adolescence. It has been observed to have different size and shape in many different illnesses

that happen during childhood. Its size and shape it is more genetically controlled (Giedd, 1999)

10



The Cerebellum is believed to be very susceptible to the environment. It is the part of the
brain that changes the most during the teen years. This area is not fully developed until the early
20’s. (Peterson-Badali & Abramovitch, 1993) The cerebellum is involved in the coordination of
muscles, cognitive and thinking process. The cerebellum gives the ability to smooth out all the
different intellectual processes to navigate the complicated social life of the teen with grace
instead of lurching. Traditional thinking and leading thoughts maintain that physical activity
could influence the activity in the cerebellum. Use it or lost it is the directive (Giedd, 1999) If the
cerebellum is exercised and used both for physical activity but also for cognitive activities then it
will enhance its development. (Zull, 2002) As suggested by Rumelhart (1993) the way the brain
can be characterized like a computer with parallel processes running and with multi-information
going from one brain area to another keeps this analogy in the area of functionality and not in the
implementation.(Rumelhart, 1993)

The more complicated the activity the more we call upon the cerebellum to help us solve
problems that require higher thinking such as like math, music, philosophy, decision making and
social skills. The frontal lobe is the one that has changed the most across human evolution.
(Giedd, 1999)

There are several differences between girls and boys in the frontal cortex. Different ages
of unset, different symptoms, different prevalence and outcomes. Almost every mental illness in
childhood is more in common in boys (e.g. autism, dyslexia, L.D, ADHD, and Tourette’s
syndrome),(Giedd,2002) The only one that is more common in girls than boys is anorexia
nervosa. These differences could explained by examining some of the clinical differences

between the male and female brain. The male brain is bigger across all stages of development
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(from 3 to 20) and the size of certain structures and their development path are different.
(Lenroot, 2007)

The basal ganglia, is the part of the brain that helps the frontal lobe perform do executive
functions.. This part of the brain is smaller when childhood illnesses are present, like ADD and
Tourette’s syndrome. It is larger in females than in males By having larger basal ganglia, females
may be afforded some protection against these illnesses, Girls’ brain mature earlier than boys
(Lenroot, 2007)

The frontal part of the brain carries out functions of a CEO since it regulates the direction
and makes the important decisions, such as modulating the mood, and analyzing the
consequences of behavior. (Yurgelun-Todd, 2002) The Pre Frontal area plays a central role in
complex mental processes that emerge as the child grows. Teens use the pre frontal area less than
adults do. Teenagers read emotions different than adults. Females are more accurate in reading
emotions than males, but female teenagers compared with male teenagers are not that distant
from their contra part when reading emotions. The brain appears to grow just before puberty. A
growth pattern of the developing brain keeps changing until the early 20, maturing at different
times. Language acquisition declines after the age of 12 (Thompson et al., 2000) and the
hippocampus takes an important part in explicit memory processes. The Dorso lateral prefrontal
cortex is crucial for focal attention and working memory. The Ventro medial prefrontal region
(Orbital frontal cortex), is involved in social cognition, attended communication, self regulation,

response flexibility, auto biographical memory and self awareness. (Giedd,1999)
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2.2 Brain Growth Maps

There are different stages in which the brain grows and develops in different areas. From
age three to fifteen children have a growth of tissue throughout the whole brain. (Giedd, 1999)
From three to six years, the frontal brain circuits grow faster. This brain region is in charge of
regulating attention. From eleven to fifteen years, language systems are more active occurring
further back in the brain and drastically decreasing the activity during the early teen years.
Before puberty, children lose up to fifty percent of their brain tissue in their deep motor nuclei.
(Thompson, 2000) This system controls fine motor skills such as writing, sports or piano. During
the following years (fifteen and older), the brain develops new emerging capabilities which can
be identified in laps of five years. These laps tend to start when children are 5 years old and
continue every 5 years until the young adult reaches twenty years old. In every stage, the person
gains ability of interpreting abstract concepts. Younger children cannot use abstraction
flexibility. Therefore, the cognitive skills are reduced from abstract concepts to concrete
instances and memorized definitions. (Giedd, 1999) From childhood to the teen years children
become able to construct flexible abstract concepts, but have great difficulty relating two
abstracts concepts.

At fifteen, the child has the ability to create a flexible relation between a pair of
abstractions. Around their twenties, the young adult could build flexible relations between
multiple abstract concepts, and at twenty-five, they can connect a system of abstractions. (Giedd,

1999)
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2.3 Brain Modularity and Memory

In order to understand how the brain processes and interprets stimulus it is necessary to
discuss cognitive functioning of the brain. The cognitive architecture of the brain is the one that
determines what and how problems are solved. According to existing literature computational
architecture is considered equivalent to cognitive architecture, (Lepore & Pylyshyn, 1999) Much
of this ability is innate, but some of it could be acquired through maturation practice and other
situations. Cognitive architecture and cognitive capacity are combined to determine what the
subject could do. (Lepore & Pylyshyn, 1999) According to the definition, memory is a physical
object that is present of some observer and that has features that the observer casually explains.
(Lepore & Pylyshyn, 1999, p. 124) The memory retrieval theories discuss and expos how visual
objects are individuated, accessed and used as the basis for memory retrieval (Kahneman &
Treisman’s, 1984, Kahneman, et al 1992, Pylyshyn, 1984a, 1994b,Wolf & Bennet, 1997) as cited
by Lepore & Pylyshyn ( 1999). The fundamental proposal for the solution of “Process and
Recovery problem” is possible only if it leaves a memory. Under this proposal, there are two
principals. The first is named Asymmetry principal, that is the memory that processes leave on
the objects, and the second is Symmetry principal, that is symmetry in the present is understood
as having always existed.

Researchers defend a highly modular conception of mental architecture, which views the
mind as composed of a large number of special-purpose information processing organs, or
modules, that have been shaped by natural selecting to handle the shorts of recurrent information
processing problems that confronted our hunter-gatherer forebears. The literature hypothesizes
that when information is presented in the right way performance on reasoning tasks should

improve dramatically (Lepore & Pylyshyn, 1999)
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The modularity concept has two main ideas. The first one is that the mind consists of a
large number of special purpose systems often “called modules “or mental organs. The second
one is that these systems, like other systems in the body have been shape by natural selection to
perform specific functions or to solve information-processing problems that were important in
the environment in which our hominid ancestors evolved (Lepore & Pylyshyn, 1999) Cognitive
scientists are typically referring to mental structures or components of the mind that could be
invoked in order to explain various cognitive capacities. Very roughly, this means that modules
are dedicated to solving restricted classes of problems in unique domains. For instance the claim
that there is a visual module implies that there are mental structures which are brought into play
in the domain of visual processing and are not recruited in dealing with other cognitive
tasks.(Lepore & Pylyshyn, 1999)

Until recently, even proponents of modularity typically restricted themselves to the claim
that the mind is modular at is periphery. For example, although the discussion of modularity as it
is framed in cognitive science derives largely from Jerry Fodor’s arguments in the modularity of
mind (Fodor, 1983), Fodor insists that much of our cognition is sub served by non-modular
systems. According to Fodor only input systems (those responsible for perception and language
processing) and output systems (those responsible for action) are plausible candidates for
modularity. By contrast, central systems (those systems responsible for reasoning and belief
fixation) are likely to be non-modular. As Sperber (1994) has observed although this was
probably not intended and has not been much noticed “modularity of mind* was a paradoxical
title. According to Fodor, modularity is to be found only at the periphery of the mind. In its

center bulk, Fodor’s mind model is decidedly not modular.

15



The brain constructs hypotheses of the objects beyond the available information
(Gregory, 1970) The stability-plasticity dilemma mentions that the brain needs some kind of
stability to maintain continuity across time for expected and predictable inputs, at the same time
the brain must have plasticity and agility to deal with sudden changes and unexpected inputs

from the environment.(Grossberg, 1987)

2.4 Learning Theories and Brain Functioning of Students with LD

There are efforts to develop mathematical theories of learning. One of this modes is
based in the classical conditioning model of error correction, where the subject is expecting an
outcome according to the learned. This model depends on how the information is learned in
order to predict the outcome and based on this will make the necessary changes in the model
(change the weights). (Rescorla & Wagner, 1972)

These learning theories and algorithms are very useful to measure the cognitive capability
and ability of subjects with degenerative brain illnesses like Parkinson disease Schizophrenia,
(Dayan, Shultz & Montage1997, Schultz et al, 1997 ), (Shohamy, D. Myers, C.E. Onlaor, S. &
Gluck.M.A 2004),(Poldrack,Clark,Pare-Blagoev, Shohamy, Creso-Moyano,Myers,Gluck, Nature
2001 ) and Alzheimer’s disease( Gluck & Myers,1993) The researchers were able to create
alternatives brain pathways by presenting the information in an alternative way that allowed then
to achieve a cognitive performance regarding the ability of the brain to process the information
using the brain paths used by subjects with no visible brain degradation. (Dayan, Shultz &
Montage1997, Schultz et al, 1997) (Shohamy, D. Myers, C.E. Onlaor, S. & Gluck. M.A
2004),(Poldrack,Clark,Pare-Blagoev, Shohamy, Creso-Moyano,Myers,Gluck, Nature 2001 ), (

Gluck & Myers,1993)

16



Zadina (2004) has suggested that he creation of alternative brain pathways using alternative
representation helps any type student’s learning styles. Currently there is a lack of research in

this area that specifically deals with Students with LD.

2.5 Current Research

There are several governmental and private entities, like the NINDS and other institutes
of the National Institutes of Health including the National Institute of Child Health and Human
Development, the National Institute of Deafness and Other Communication Disorders, and the
National Institute of Mental Health, that support research on learning disabilities. Current
research avenues focus on developing techniques to diagnose and treat learning disabilities and
increase understanding of the biological basis of learning disabilities. National Institute of
Neurological Disorders and Stroke (NINDS, 2009) There is a lack in the current literature in
addressing the use of manipulatives at high school grades during which time students are
engaged in learning and applying more abstract concepts (Maccini, 2006)

There is a need for more research that explores the use of Assistive Technology (AT)
with secondary students in math (Maccini, 2006) Math is one of the subjects where assistive
technology is widely used from the use of manipulative objects to the use of specialized math
software (Maccini, 2006) One of the devices that were explored is the use of a smart board which
allows a direct interaction with a surface where the images (objects) are projected by a projector
machine on a surface. This will allow a direct manipulation of different objects without using a
keyboard or mouse. Students with a LD could get an advantage in developing more abstract

cognitive abilities by using AT as a manipulative tool.
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2.6 Summary

From all the literature reviewed it was hard to find interventions for high school students
with LD using manipulatives in order to grasp more abstract concepts in areas like Math. This
use of manipulatives helps us at lower grades create alternative means of representations to help
the student understand concepts better. Unfortunately at high school level it is not efficient
enough to represent the curriculum that the student is exposed to. As mentioned by Maccini
(2006) although the general education teacher masters the math curriculum usually one does not
use alternative means of representation. It was found that they were less likely to use any kind of
accommodations or differential instruction as compared to the special education teacher.
(Maccini,2006) The researchers found common empirical approaches to teach Students with LD
like the use of calculators, extra time to complete assignments, the use of objects for conceptual
understanding, organizational strategies and peer tutoring.(Maccini & Gagnon,2000) This is the
main reason to use AT in this research, that is to have alternatives representations of the

concepts.
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Chapter 3 Methodology

3.1 Introduction
Approval and permission for the study and data analysis was obtained by the University
of Texas at El Paso Review Board (UTEP IRB) prior to data analysis. Also consent was obtained
from El Paso Independent School District (EPISD) and from the parents and kids that

participated in this research.

3.2 Participants Demographics

The sample for this research were 34 students diagnosed with LD (n=34) (See Figure 1)
These students were a subgroup of students receiving services from the special education
department (See Figure 1) The students were from all four grades of high school. The class
distribution was the following; 13 students were 9™ graders, five were 10™ graders, 10 were 11™
graders and six were 12 graders (See Figure 2); 21 of these students were labeled as Limited
English Proficient students (LEP) (See Figure 3) and finally the gender distribution was 25 males
and nine females (See Figure 3)

3.3 Participants Selection and Groups Distributions

The selection of the participants with LD was made according to willingness of student’s
parents to allow them to take part in the research and also from the own students willingness to
participate. Another factor was the feasibility of the student to attend the intervention sessions

since a few of them were in an alternative school placement or did not have a regular class

schedule.
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Figure 1.Students in Special Education

Figure 2.Student’s Distribution by Grade
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Figure 3.Language Learners (LEP) and Gender Distribution

The first step to create the control and treatment group was to specify and match as much
as possible common characteristics between the students in the group. By doing the matching it
was possible to have an evenly distribution of students with similar characteristics in each group.
The first characteristic to match was the LD in math (Calculations and Reasoning). The second
matching criterion was also under math disability, but only matching students that experienced
just one disability in math (Calculation or Reasoning). The third criterion used was the individual
IQ obtained from the Full Individual Evaluation (FIE) student’s folder. The IQ ranges were
obtained using the Woodcock-Johnson ® III tests. And a fourth matching criterion was the

Quantile ® number that indicates how well the student understands mathematical concepts and
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skills according to their current grade. A secondary criterion was used when the matching was

still undefined by previous characteristics.

The secondary criteria for this study were current grade placement, LEP coding, gender,
reading, writing, listening disabilities and Lexile ® score which matches the reader ability with

the text difficulty.

Figure 4.Pairing Students with LD in the Math Area

In this research, the most important criteria to pair the students were the ones related to
the mathematical area, but the criteria could change depending on the area of interest to be
matched. Using these characteristics 34 students were paired among them. 18 of them were
paired using the criteria for LD in mathematics (See Figure 4) the participants were evenly
divided into two groups of 17 students each. Each group had nine students with a LD in
mathematics and the rest experienced a LD in other areas not related to mathematics (reading,

writing or listening comprehension disability).
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Once the matching pair was selected one of them was randomly assigned to one of the
groups (Treatment or Control Group) and the other pair-student to the other group .The
interventions were scheduled at different times during the normal hours of school. In order to
schedule the small group interventions secondary factors were also considered for both groups.
These factors were based on type of personality (e.g. Shyness), behavioral issues (e.g. Personal

conflict with other students) and performance issues (e.g. reluctance to participate)

3.4 Lesson Planning

In order to identify mathematical content areas in which Students with LD were
struggling, the researcher used scores achieved by the students in the district benchmarks
assessments. These assessments are based on The Texas Essential Knowledge Skills (TEKS) for
high school mathematics and on the Texas Assessment of Knowledge and Skills (TAKS)
objectives from the standardized test of Texas. The TEKS are the student expectations that the
student should acquire in the math curriculum classes. TAKS objectives and students’
expectations (TEKS) were correlated between them. For those objectives on which the SD scores
of M Sp.Ed. and M Gen E4. Were more than12 points of difference (SD >12), it was identified as
an area of need for instructional intervention (See Table 1 and Table 2) The variance between
these two groups shows the expected performance of special education students as compared

with the general population.
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Table 1 General Education Benchmarks Average Scores

Subject Benchmark 1 Benchmark 2 Benchmark 3 Benchmark 4
Algebra | 41 37 40 51
Geometry 39 51 46 56
Algebra II 55 47 34 56

Table 2 Special Education Benchmarks Average Scores (No Modifications)

Subject Benchmark 1 Benchmark 2 Benchmark 3 Benchmark 4
Algebra | 32 31 37 31
Geometry 29 44 37 40
Algebra I1 36 46 20 31

Once the performance baseline was established by comparing general education
benchmarks scores against special education benchmarks scores, it was decided on which
objectives the interventions should be based. The scores attained during the benchmarks were
analyzed by objective in order to identify those where the students in special education were

struggling as compared with the students in general education.(See Table 3 and Table 4)
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Table 3 General Education Objective Averages Scores

Subjects 1 2 3 4 5 6 7 8 9 10

Algebral 54 48 45 50 61 55 60 55 26 51
Geometry 64 44 60 70 63 67 74 70 46 58

Algebra2 50 68 61 62 70 43 64 55 26 40

Table 4 Special Education Objective Averages Scores

Subjects 1 2 3 4 5 6 7 8 9 10

Algebral 41 44 35 34 85 55 63 72 30 47
Geometry 41 31 53 55 36 55 52 57 54 34

Algebra2 50 70 53 52 27 34 58 55 30 43

Using the standard deviation (SD) as the degree of variance, 10 objectives were
compared and categorized on three different levels (See Figure 5) and nine lessons were design
and implemented. These nine lessons produced a total of more than three hundred interventions
(306 interventions, 612 test samples) across the course of the study. According to their SD, three
different groups of objectives were delimited. One group scored a SD of greater than 12 (SD>12,
Objectives 5, 2 and 4) A second group scored a SD between less than 12 and greater than 9 (9<

SD <12, Objectives 9, 6, and 3)
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The third group scored a SD of less than 9 (SD<9, Objectives 1,10,8 and 7). (See Table
5) According to these assessments, five objective areas were selected and nine lessons plans

were designed. (See Table 6)
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Figure 5 .SD vs. Objectives.
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Table 5 SD per Objective

Objective SD Variance
5 21.66 469.2
2 15.21 231.38
4 12.17 148.18
9 11.78 138.68
6 11.45 131.1
3 9.8 96.18
1 8.64 74.8
10 8.47 71.05
8 8.06 65.07
7 7.33 53.77
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Table 6 Number of Interventions per Objective

Objectives

Interventions 2 2 2 2 1

From Table 6 we specifically identify the objectives and number of interventions that
allowed us to have a broad perspective of the performance of the students at all levels of needs
(High to low needs of mediations).The first 3 objectives (Objectives 5, 2, and 4) were identified
as areas on which the students clearly needed some type of mediation. Objective 5 is related to
quadratic and other non-linear functions. Objective 2 is about properties and attributes of
functions and objective 4 allied to linear equations and inequalities. In this first level two
interventions were done per objective. The second level which is almost at the middle of the
table (medium need of mediations) is objective 3 which are linear functions and also two
interventions were made for this objective. Finally objective 7 located at the bottom of the table
(Low need of mediations), which is on 2 D and 3D representations. One intervention was
performed for objective 7.

The questions for each objective were selected from items released from previous TAKS
test and benchmark’s by The Texas Education Agency (TEA). Questions are related to the
selected objectives that were used. The duration of the interventions were designed to be in the
range of 25 to 35 minutes long for all the small groups regardless of which group received the
mediation. The numbers of questions per objective-intervention were the same for both groups.

The number of questions for pretest and posttest varied from 2 to 4 depending in the complexity
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of the objective and type of questions. Most of the interventions consisted of a mix of different
classes from freshman to seniors. The use of a graphing calculator (TI-83) was encouraged in
both groups. The use of the virtual manipulatives was only applied to the treatment group. The
mediations steps were the same for both groups and follow the next process sequence.
3.5 Equipment Set-Up

Before each intervention was made, it was necessary to run a basic set up. This set up
was to reconfigure and calibrate the applications and equipment used. Erase any notes from the
board, reload the java or flash applications, reset the calculators, and calibrated the projector with
the board surface.

3.6 Informal Assessment and Pretest

First, the students were asked to answer a quick survey (informal assessment) in order to
help the researcher to fine-tune the interventions and, if needed, to evaluate external factors that
could be affecting the experiment. The use of the informal assessment helped the researcher to
delivered instruction using the same standards for the both groups involved. These standards
were time on task, type of motivations (extrinsic or intrinsic), small group environment (No more
than 4 students), and possibility to experiment possible answers (sand box environment). The
result of having the same standards for both groups helped to increase the student’s performance
by eliminating possible environmental distractions. The second step was to collect the survey and
hand out the first set of problems identified as a pretest. After a fixed amount of time (8 to 12
minutes), the pretest was collected in order to start the intervention. No help was offered or given
during the pretest. The students were encouraged to try to solve the problems using their own

skills.
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A total of 32 questions were given as a pretest to students in both groups during the nine
interventions. Following the pretest, the control group received direct instruction related to the
current objective. The treatment group received the instruction with the direct use and

manipulation of 2-D and 3-D virtual manipulative.

3.7 Mediation
In the third step the types of intervention was divided into two different types, direct
instruction (control group) and the instruction using and manipulating the projection of computer
objects called virtual manipulatives (treatment group) The instruction for both types of
intervention was about 10 to 15 minutes long. The direct instruction consisted of delivering the
explanation of the objective by showing the students how to work out the problems and asking
questions to check their understanding. The treatment instruction consisted of requiring the

students to answer questions by using 2-D and 3D virtual manipulatives with their hands.

3.8 Posttest
The fourth and final step was to hand out a different set of problems with the same
concepts as the ones seen in the pretest and interventions. A total of 32 questions were given as a
posttest to students in both groups during the nine interventions. The problems were also from
the items released and previous TAKS and benchmarks problems. The problems were related to
the objective covered during the mediation. No help was offered or given during the posttest.
The students were encouraged to try to solve the problems using their calculator and/or smart

board if it was applicable.
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3.9 Other Procedures and Evaluation
The Instruction was delivered by the same instructor to both groups and in different
classrooms from the one where the students received their regular math instruction. Neither
special accommodations nor modifications were added or offered to the students in any group.
All of the problems used were catalogued according to TAKS objectives from the TAKS release
items. The instruction was delivered by the researcher who is certificated in the state of Texas in
Special Education (Special Education PK-12) and high school math (Mathematics 8-12). The

Cycle of the procedure using AT is better observed in Figure 6.
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Figure 6.AT Intervention Heptagon
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Some of the main motivation for all the students in the two groups were to take them out
from their regular classes, the use of technology ( AT), desire to perform better in their math
class and avoidance to be in extra tutorial classes if they do not achieve the expectations required

by state and/or federal standards .

3.10 Computer Applets
Different Java applets and flash files were used during the experiment, but all of them
were evaluated according to their direct functionality related to this research. The first and most
important it was that the applet should be directly related to the content objective to be teach.
The second condition was that the complexity of the topic that should be according to the
current grade placement of the student, and the third condition is that the virtual manipulative
should be a dynamic object that the student could manipulate it and transform it. (See Figure 7)
3.11 Statistical Analysis
Multi covariant analysis (ANOVA) was used to compare the means of the General
education and the special education scores. This helped to decided on which objectives to base
the interventions. After the pretest and posttest were computed several analysis were done.
Independent T-Test were preformed to compare the control and treatment groups. Paired
(dependent) T-Test with repeated measures were used to measure the effectiveness of the
treatment. Three main comparisons were calculated. One was among the pairs of students with a
LD in math, another among the ones with LD in other areas not including math and the third one
among the control and treatment groups. In addition, ANOVA was used to compare the overall
performance of the control and treatment group. For all the analysis made it was assumed that

there was not a difference between the populations means. (Hp:- 1 = U2)
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Figure 7.Model to Select a Virtual Manipulative Object
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Chapter 4 Results

After the base line to measure the performance of students with LD was set up, it was
possible to start doing statistical measurements and comparison between LD subgroups.

Independent measures analysis was used to compare the scores of the control group.(n
contro=17) (See Table 8a) with the treatment group (n treatment=17) scores. (See Table 8b)

The control group received direct instruction as mediation while the treatment group
received the treatment as mediation. From the independent T-Test analysis it was found that the
group receiving treatment (M=29.04, SD=7.39) (See Table 9) was able to significantly improve
their scores after the mediation as compared to the control group which received direct
instruction (M=20.41, SD=7.09) (See Figure 8). This difference was statistically significant t
(32) =3.48, p<.05, d=0.8436.

An initial examination was made before running pair T-Test analysis using only the
pretest scores to verify there was not a significance difference between the groups at the
beginning of the interventions. (Hy:{d] = M) For the pair T-Test analysis only the pretest
scores were used. (M=7.11, SD=14.02) It was found there was not a significance difference
between the two groups when comparing the pretest scores.(See Table 7a), t(16)=2.09, p>.05,

r=0.4631

Paired T-Test was used to compare the scores of students with similar cognitive abilities
and skills. Students with similar characteristics were matched up with a similar student in order
to evaluate their scores. Two groups were created; the control group (n contror-pair=17) and
treatment group (N Treatment-Pair—17). The control group received direct instruction as mediation
while the second group received the treatment as mediation. Using this analysis it was

established that the mediation using AT (Treatment Group) increased their scores significantly as
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compared to direct instruction (Control Group) by an average of M=8.63 and SD=10.74 (See

table 7b). The increment was statistically significant, t (16) =3.31, p<.05, r=0.6375.

Table 7a Comparing All Students with LD Regardless of the Specific Disability (Pretest Scores)

M SD
Significance*
Pair df=16
Treatment-Control Pair 7.11 14 t= 2.09
r=46.31%

*Note: p>.05

Table 7b Comparing All Students with LD Regardless of the Specific Disability (Gains)

M SD
Significance*
Pair df=16
Treatment-Control Pair 8.63 10.74 t= 3.31
r=63.75%

*Note: p<.05
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Table 8a.Treatment Group -Pretest and Posttest within Comparison

Treatment Group

ID

10

11

12

13

14

15

16

17

Pretest

50.00

25.00

28.13

37.50

34.38

31.25

28.13

21.88

31.25

9.38

40.63

31.25

53.13

37.50

28.13

40.63

25.00

Posttest

90.63

53.13

59.38

65.63

59.38

56.25

53.13

56.25

50.00

53.13

78.13

62.50

84.38

59.38

59.38

56.25

50.00

40.63

28.13

31.25

28.13

25.00

25.00

25.00

34.38

18.75

43.75

37.50

31.25

31.25

21.88

31.25

15.63

25.00
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Table 8b.Control Group Pretest and Posttest within Comparison

Control

ID

10

11

12

13

14

15

16

17

Pretest

25.00

28.13

37.50

43.75

43.75

56.25

28.13

34.38

43.75

50.00

56.25

43.75

37.50

37.50

34.38

43.75

37.50

Posttest

35.94

46.88

59.38

56.25

59.38

84.38

50.00

50.00

53.13

62.50

68.75

59.38

59.38

65.63

59.38

68.75

65.63

34.47

18.75

21.88

12.50

15.63

28.13

21.88

15.63

9.38

12.50

12.50

15.63

21.88

28.13

25.00

25.00

28.13
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Table 9 Independent Measures Comparison

Significance

Group
Treatment 29.04 7.39
df=32
t=3.8
d=84.36%

Control 20.41 7.10

80.00
70.00 T
60.00
50.00 T
40.00
30.00

20.00

10.00

0.00

Treatment Control

Figure 8.Treatment and Control Independent Measures Comparison
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An initial examination was made before running pair T-Test for students with LD in
math. The analysis used only pretest scores to verify there was not a significance difference
between the groups at the beginning of the interventions. (Hy:(4; = M 2) For the initial analysis
using pair T-Test (LD math) only the pretest scores were used. (M=5.19, SD=12.54) It was
found there was not a significance difference between the two groups when comparing the
pretest scores. t (8)=1.42, p>.05, =0.4021,(See Table 10a).

Using again the Pair (dependent) T-Test the math only subgroup was analyzed. The
groups was created using students with a LD in mathematics. Students in the control group (n
Control -LD math=9) Were paired with a student from the treatment group (n Treatment -LD math=9) With
similar skills and abilities.

It was established that the mediation using AT on the Treatment LD-Math Group
increased the scores as compared to the mediation that used the direct instruction on the Control
LD-Math Group by an average of M=8.67 with SD=6.4 (See Table 10b). The increment was

statistically significant, t (8) =4.06, p<.05, r=0.8205.

Table 10a Pairing Students with a LD Math (Pretest Scores)

M SD
Significance*
Pair df=8
Treatment-Control 5.19 12.54 t=1.42
=40.21%

*Note: p>.05
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Table 10b Pairing Students with a LD Math (Gains)

M SD
Significance*
Pair df=8
Treatment-Control 8.67 6.41 t=4.06
=82.05%

*Note: p<.05

For the initial analysis using pair T-Test (LD no math) only the pretest scores were used.
(M=9.26, SD=16.11) It was found there was not a significance difference between the two
groups when comparing the pretest scores. t (7)=1.63, p>.05, =0.5233, (See Table 11a).

A final analysis was made using Pair (dependent) T-Test. The subgroups were formed
pairing students with a disability other than mathematics. Students in the control group (n control -
LD other=8) Were paired with a student from the treatment group (n Treatment LD other=8) With similar
characteristics. In this case, the matching criteria excluded students with LD in math.

It was established that the mediation using AT increased the scores for the treatment and
control group. The increment was by an average of M=8.59 with SD=14.73 (See Table 11b). It
was found that the increments on the scores does not represent significant difference, t (7) =1.65,
p>.05, r=0.5291. Furthermore, by doing further analysis, it was found there was a strong
correlation between the final gains made by each group, r=-.81, n= 8§, p<.05, two tails. (See
Table 12)

In general, it was observed that in the subgroup of the students with LD in math, the
segment with the highest gain (M=28.53) were the students with LD in both areas of

mathematics (calculation and reasoning).
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From the same subgroup (LD-Mathematics) the segment that made the second best gains
(M=22.19) were students with disability in math calculations. Moreover, the third segment that

is formed by students with a math reasoning disability made a gain of M=9.38. (See figure 9)

Table 11a Pairing Students with other LD than Math (Pretest Scores)

M SD
Significance*
Pair
df=7
Treatment-Control 9.26 16.11 t=1.63
r=52.33%
*Note: p>.05
Table 11b Pairing Students with other LD than Math (Gains)
M SD
Significance™
Pair
df=7
Treatment-Control 8.59 14.73 t=1.65
r=52.91%
*Note: p<.05
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Table 12 LD vs. LD (No Math) Correlations

Control Treatment
Significance

Control
-.81 n=8

Treatment -.81 r=-.281

p<.05

30.00 28.53
25.00
20.00
15.00
10.00

5.00

0.00

22.19

Both Disabilities Math Calcuation Only Math Reasoning Only

M Gain Comparision

Figure 9.Gain Comparison in Students with LD in math

In addition, analysis of the variance (ANOV A) was made in order to evaluate the
consistency of the treatment effects between groups (Control and Treatment groups). The first
comparison was using repeated measures ANOV A between the Pretest and the Posttest scores

(k=9) among all participating students (n=34). An analysis of variance indicated significant
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difference in performance between the Pretest scores and Posttest Scores, F (8,264) =7.78,
p<.01, n=0.1907,(See Table 13).

A second repeated measures ANOVA was performed to analyze the pretest and posttest
scores between the treatment and control group.(See table 14) This test indicated a significant
difference between the scores achieved by the treatment group as compared with the ones

achieved by the control group. F (1, 32) =17.39, p<.01, °=0.3523.

Table 13 ANOVA Pretest vs. Posttest Scores

Interventions

Significance

Measures

Pretest df=8
M 129 1.06 1.18 1.74 1.00 0.68 1.62 047 2.59 SS=264
SD 0.87 0.85 0.87 121 0.79 054 092 0.6 1.20 F=7.78
Posttest n’=19.1
M 229 203 262 224 218 0.71 268 1.85 2.76

SD 0.76 090 085 1.16 0.87 058 0.84 086 1.02

Note:  is expressed as a percentage.
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Table 14 Pretest and Posttest Comparison between Treatment and Control Group

Significance
f df SS n p
Source
All Scores 17.39 1 32 35.23% .000

Note: All Scores are defined as all Pretests and Posttest of the treatment and control group.
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4.1 Discussion

4.1.1 LD versus LD

From the analysis results, we observed that that the mediation improved scores or adds
gain to them. This performance improvement holds true for the control and treatment group in
the overall category. We compared the scores of the two groups independently from each other,
and also using pair comparison. The gains on the scores were expected since the educational
environment was the appropriate for students with LD (e.g. small groups settings, differentiate
instruction, focus on one objective at a time etc. etc.). After running independent T-Test we
found that there was a significant difference between the control group and treatment group
(p<.01), therefore we must reject the null hypothesis. (Hy: U ; ?5 M 2) From this result, we
concluded that the mediation received by the treatment group was significant enough to increase
the scores of the treatment group as compared to the score in the control group. Based on this we
must say that the two groups received benefits from the mediation, but the group that received
the treatment using body kinesthetic was the most beneficiated

4.1.2 Comparing LD Subgroups

When comparing students with LD in math the two groups (control and treatment)
increased their scores. The group that made a significant gain was the treatment group. (p<.0)
Therefore, we must reject the null hypothesis. (Hy: U 75 M2)

In addition, students with LD in other areas different to math created a second subgroup.
Both groups (control and treatment) improved their scores after the mediation. In this
comparison, there was not a statistical difference between the two subgroups of LD (control and
treatment with a disability different to math). (p>.01) Therefore, we accepted the null

hypothesis. (Hy:id] = M2). The implications of this finding is that the group that received the
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treatment addressing their specific disability would increase their scores significantly as
compared to the group that receives some type of mediation not using the treatment proposed in
this research. In addition, as we can see from table 12 the groups have a strong correlation
between them, which means that they have the same tendencies.
4.1.3 Comparing Scores Using ANOVA

ANOVA was used to compared the performance of the students and evaluate the
consistency of the treatment effects over the groups. It was found the there was a significant
difference between the pretest scores and the posttest scores. (p<.01) Also from the ANOVA
results analysis, we compared scores of the pretest and posttest by the two groups created
(treatment and control groups). We found that there is a significant difference on the scores
achieved by the treatment group. (p<.01) In both cases, the null hypothesis was rejected. (Ho: U 1
75 U2 ) This analysis helped us to evaluate the scores performance consistency in the treatment
and control group between and within groups.

4.2 Conclusion

In our current education system, the way we measure the success of a student is by
considering the product that the student is able to produce and deliver to the entity making the
assessment. In which the classroom teacher or the federal government could represent the
evaluator. If the product meets the expected standards we accept it as good, but if not we discard
it. Currently the school districts use different types of software to pinpoint on which students the
interventions should be done, and on which ones it should not be even considered it. Most of the
times the special education students are among the group that is not consider for interventions
due to their product deficiencies. The students in special education experienced a product

deficiency (Naron, 1978; Wong, 1980) that usually forbids them to perform as required by the
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curriculum standards. This inability of special education students may be due to intrinsic and
extrinsic factors like the learning environment, inactive learner, learn-motivated as mentioned by
Torgerson. (1997)

By doing this, we are “discarding” students that could achieve curriculum standards with
proper mediations. Flavell (As cited in Reese, 1994, p. 111) ties this product deficiency to the
Mediation Theory. Moreover, according to Reese & Lipsitt (1970) this mediation is about the
implantation of an intervention in a process between the initial and final product (Reese &
Lipsitt, 1970)

Analyzing the mediation implemented in this research which used multiple
representations and direct kinesthetic interaction we proofed that it was beneficial for all the
students, but it was statistical significant for those that received the treatment for the specific
disability. ”Quod erat demonstrndum” (QED) that using alternative representations and direct
student interaction (kinesthetic) creates new cognitive process that will improve student’s
academic performance in a specific disability targeted by the treatment proposed in this research.

4.2.1 Implications in General Education

The use of this model could be limited by the cost of the equipment needed to execute the
intervention-mediations. This can be offset by the benefits that could bring to all the students
especially to those that struggle in specific areas like Mathematics or English.

Most of high schools programs included the used of some type technology in their lesson
plan, therefore we can included the model proposed in this research into their curriculum. By
doing this, we are distributing the cost of the equipment among a wider population that will bring
the cost of the equipment to almost an insignificant cost per student. The cost benefit of the

equipment is well justified by the increment in student’s scores.
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4.2.2 Implications in Special Education

If we go from the specific to the general we can said that this model will work to mediate
other types of LD. We must consider that the whole intervention should be plan according to the
AT intervention heptagon, but more research should be done in other areas in order to
generalized this model. This model presents a foundation to develop mediations in other areas in
which students with LD struggle.

The use of this model will help students with LD to interact and understand more
abstracts concepts by gaining sensory stimuli using their bodies. These sensory stimuli should
be reinforced in the classroom in order to establish permanent neural pathways in the brain. By
introducing these interventions in the students’ IEP, we ensure that the student will have access
to an accommodation that can be measure and observe. (e.g. Opportunity to use smart board for
25 minutes to reinforce curriculum 3 times a week) This type of intervention-mediation is
flexible enough to fit the needs of the students that can be schedule according to the ability of the
resources at their schools.

4.3 Limitations

In addition, in order to implement this mediation in the regular education classroom, a
team conformed by general education and special education teacher should work together to
decide how to implement these interventions in their classroom. Another limitation is that
teachers that do not feel comfortable using technology could be reluctant to implement the model
proposed in this research. More Research is recommend with populations that have a history of

low performance in order to expand these findings to those groups.

48



References

Bender, W. (2007, April). Differentiated Instruction for Students with Learning Disabilities.
Poster presented at the Students Meeting Academic Requirements Through Technology
(SMART), El Paso, TX, USA.

Bender, N. W. (2002). Differentiating Instruction for Students with Learning Disabilities: Best
Teaching Practices for General and Special Educators. Thousand Oaks, CA, USA:

Corwin Press, Inc.
Deshler, D. D. (1996) Influencing effective practice through IDEA-supported research.

Exceptionality, 6(2), 69-80.

Fodor, J. (1983). The Modularity of the Mind. Cambridge, MA., USA: MIT Press.

Friend, M., & Bursuck, W. D. (2002). Including students with special needs: A practical guide
for classroom teachers (3rd ed.). Boston: Allyn & Bacon.

Giedd J.N., Blumenthal J, Jeffries NO, Castellanos FX, Liu H, Zijdenbos A, Paus T, Evans AC,
Rapoport JL. Brain development during childhood and adolescence: a longitudinal MRI
study. Nature Neuroscience. 2: 861-863, 1999a.

Giedd, J.N. (2004). Structural magnetic imaging of the adolescent brain. In R. E. Dahl & L.P.
Spear (Eds.), Annals of the New York Academy of Science: Vol. 1021. Adolescent brain
development: Period of vulnerabilities and opportunities (pp. 77-85). New York: New
York Academy of Services.

Gluck, M. & Myers, C. Hippocampal mediation of stimulus representation: A computational
theory. Hippocampus 3, 491+516 (1993).

Gregory, R.L.(1970) The intelligent Eye, London: Weidenfeld & Nicolson

Grossberg, S.(1976) Adaptive Pattern classification and universal recoding, 11: Feedback,

49



expectation, olfaction, and illusion. Biological Cybernetics 23, 187-202

Goldberg, E. (2002). Executive Brain: Frontal Lobes and the Civilized Mind. NY, USA: Oxford
University Press.

IDEA,(2004). Individual with Disabilities Education Act (IDEA) of 2004. P. L. No. 108-446
Washington, DC, U.S. Department of Education.

IDEA. (1990). Individual with Disabilities Education Act (IDEA) of 1990. P.L. No. 101-476.
Washington, DC, US: Department of Education.

IDEA. (1997). Individuals with Disabilities Education Act (IDEA) of 1997. P. L. No. 105-17.
Washington, DC, US: Department of Education. (ERIC Document Reproduction Service
No. ED 430 325)

Kahneman, D., Treisman, A., & Gibbs, B. J. (1992). The Review of the Object files: Object-
specific integration of information. Cognitive Psychology, 24, 174-219.

Kahneman, D., Treisman, A., (1984). Changing views of attention and automaticity. In R.
Parasuraman and D. R. Davies (eds.), Varieties of Attention, New York: Academic Press,
29-61.

Lenroot, K. R., Gogtay, N., Greenstein, K. D., Wells, M. E., Wallace, L. G., Clasen, S. L., et al.
(2007). Sexual dimorphism of brain developmental trajectories during childhood and
adolescence. Neuroimage, 36, 1065-1073.

Lepore, E., & Pylyshyn, Z. (Eds.). (1999). What is Cognitive Science? Malden, MA,USA:
Blackwell Publisher Ltd.

Maccini, P., & Gagnon, J. C. (2000). Best Practices for teaching mathematics to secondary

students with special needs. Focus on Exceptional Children, 32, 1-22.

50



Maccini, P., & Gagnon, J. C. (2006). Mathematics Instructional Practices and Assessment
Accommodations by Secondary Special and General Educators. Council for Exceptional
Children, 72(2), 217-234.

McMillan C. K., Honey. (2003). A Retrospective on Twenty Years of Education Technology
Policy. Washington, DC, US: U.S. Department of Education, Office of Educational
Technology.

Naron, N. K. (1978). Developmental changes in word attribute utilization for organization and
retrieval in free recall. Journal of Experimental Child Psychology, 25, 279-297.

NCLD. (2009). LD Facts (Executive Summary, National research Council, 2001). New York:
National Center for Learning Disabilities, Inc. Retrieved May 11, 2009, from National

Center for Learning Disabilities Web site: http://www.ncld.org/content/view/448/391/

NCLD. (2009). LD Facts (Executive Summary, National research Council, 2001). New York:
National Center for Learning Disabilities, Inc. Retrieved May 11, 2009, from National

Center for Learning Disabilities Web site: http://www.ncld.org/content/view/320/381/

NINDS. (2008). Learning Disabilities. Bethesda, MD, US: National Institute of Neurological
Disorders and Stroke. Retrieved January 3, 2008, from National Institute of Neurological

Disorders and Stroke Web site: http://www.ninds.nih.gov/disorders/learningdisabilities/

learningdisabilities.htm

Peterson-Badali & Abramovitch, (1993). Grade related changes in young people's reasoning
about plea decisions. Law and human behavior,17,5.

P.L. 93-112. (1973). Rehabilitation Act of 1973 .29 U.S.C. § 701 et seq.

P.L. 94-142. (1975). Education of All Handicapped Children Act. Washington, DC.,US:

Department of Education.

51



P.L. 99-457. (1986). Education of the Handicapped Act Amendments of 1986. Washington, DC,
US: Department of Education.

P.L. 100-407. (1988). Technology Related Assistance for Individuals with Disabilities Act of
1988 (Tech Act). Washington, DC, U.S: Department of Education.

P.L. 101-476. (1990). Individuals with Disabilities Education Act (IDEA) of 1988. Washington,
DC, U.S: Department of Education.

P.L. 108-446. (1997). Individuals with Disabilities Education Act (IDEA) of 1997. Washington,
DC, U.S: Department of Education.

Plyshyn, Z. (1984). Computation and Cognitive. Cambridge, MA, USA: MIT Press.
Poldrack, R. A., Clark, J., Parea-Blagoev, E. J., Shohamy, D. Moyano., J. C., Mayers., C. , et al.
(2001). Interactive Memory Systems in the Human Brain. Nature, 414, 646-650.
Rescorla, R. A., and Wagner, A. R. (1972) A4 theory of Pavlovian conditioning: Variations in the
effectiveness of reinforcement and nonreinforcement, Classical Conditioning II, A. H.
Black and W. F. Prokasy, Eds., pp. 64-99. Appleton-Century-Crofts

Reese, W. H. (1994). Advances in Child Development and Behavior (Vol. 25). Burlington, MA,
US: Published by Academic Press Inc.

Rumelhart, E. D. (1993). The architecure of mind: a connectionist approach. In Foundations of
cognitive neuroscience (pp. 133-159). Cambridge, MA, USA: MIT Press.

Sperber, D. (1994) The Mdoularity of thought end epidemiology of representations. In Hirschfeld
and Gelman (1994), 39-67

Shohamy, D., Myers, C.E., Onlaor, S., & Gluck, M.A. 2004. The role of the basal ganglia in
category learning: How do patients with Parkinson’s disease learn? Behavioral

Neuroscience, 118(4):676-686.

52



Sowell, E. R., Thompson, P. M., Holmes, C. J., Jernigan, T. L. & Toga, A.W. In vivo evidence
for post adolescent brain maturation frontal and striatal regions. Nature Neurosci. 2,
859-861 (1999).

Thompson, M. P., Gledd, N. J., Woods, P. R., MacDonald, C. A., Evens, C. A., & Toga, W. A.
(2000). Growth Patterns in the Developing Brain Detected by using Continuum
mechanical Tensor Maps. Nature, 404, 190-193.

Thompson, Sue. (1996). Nonverbal Learning Disorders. Ld Online, 114, 1. Retrieved May 10,

2009, from LD Online Web site: http://www.ldonline.org/article/ Nonverbal Learning_Disorders

Torgersen,J. K. (1977). The role on nonspecific factors in the task performance of learning
disabled children: A Theoretical assessment, Journal of Learning Disabilities, 10,27-

Wolf, J. M., & Bennett, S. C. (1997). Pre attentive object files: shapeless boundless of basic
features. Vision Research, 37, 25-43.

Wong, B. Y. L. (1980). Activating the inactive learner: Use of Question/prompts to enhance ¢
omprehension and retention of implied information in learning disable children. Learning
Disabilities Quarterly, 3,29-37.

Yurgelun-Todd, D. (2002). Frontline interview: Inside the teen brain. Retrieved November 8§,

2007, from www.pbs.org/wgbh/pages/frontline/shows/teenbrain.

Zadina, J.N. (2004). Brain Research-Based Effectives Strategies to Enhance Learning and
Energize Instruction. A presentation at the U.S. Department of Education Office of
English Language Acquisition Summit Conference

Zull, J.E. (2002). The Art of Changing the Brain: Enriching the Practice of Teaching by

Exploring the Biology of Learning. Herndon, VA: Stylus Publishing, Inc.

53



Appendix A SPPS Output Tables

Table A.1 Mean Comparison Between students in General and Special Education.

(Base Line Selection)
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Table A.2 LD Group Statistics using Independent T-Test (Final Scores)

Independet T-Test LDvsLD

Group Statistics
Sl Error
Student N Mean | Gtd. Deviation | Mean
Parcentace  confrol 17 20409 709602 | 172104
reatment 17| 290441 139219 | 179267
Iindependent Samples Test
Levenes Testfor
Edually of Varlanies Hestfor Equalily of Means
§3°% Lonfigence
Interval ofthe
Mean | S Emor Diference
F 5l t df | Slo. (-aled) | Difference | Difersnce | Lower | Upper
Percentace  Equalvariances
-~ 028 B3| -1l i 0| 8630 | 248523 |-1369654 | -3567206
Equal variances
— Q4| 1 0| -B6M30 | 248523 |-1369667 | -36T173
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Table A.3 LD Group Statistics and Comparison using Paired T-Test

= T-Test LD Vs LD

Paired Samples Statistics

Sid. Errar
Mean -l Std. Deviation Mean
Fair Control 204098 17 F.09602 1.72104
1 Treatment 29.0441 17 F.292149 1.79287
Pair T-Test Pre test
Paired Samples Statistics
Std. Ermor
Mean i Sid. Deviation Mean
Pair  Pre Contral 400218 17 9.02307 | 218842
1 Pre Treatment | 329141 17 1049958 | 254652
Paired Samples Correlations
N Correlation Sii.
Palr  Pre Control &
1 Pre Trestment 17 =027 A19
Paired Samples Test
Paired Differences
95% Confidence
Interval of the
Std, Errot Difference
ilean Std. Deviation | Mean Lower Upper t df Si0. (2-ailed)
Palr  Pre Control -
1 Pre Trestment 710765 1402480 | 340154 | -10329 | 1431858 2.080 16 053
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Paired Samples Correlations
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Table A.4 LD Group Statistics and Comparison using Paired T-Test for Students with LD

only in Math

T-Test LDmath vs LDmath

Paired Samples Statistics

Std. Error
hlean Il Sid. Deviatian hlean
Fair Control 19 8056 =] T.83420 261140
1 Treatment 28 4744 =] 522702 211264
% Pair T-Test Pre test (Math)
Paired Samples Stafistics
Std, Error
Mean M Gtd. Deviation Wean
Pair  Pre Control 378489 El 10.05754 13520
1 PreTreatment 326544 g 845318 2.81939
Paired Samples Correlations
] Correlation Sia
Fair Fra Control &
1 PraTreatment g 080 818
Paired Samples Test
Paired Diffierences
95% Confidence
Interval of the
Std. Errar Diffarence
Mean 5td. Deviation hean Lower Upper t iif S, (2-1ailed)
Pair Pre Control -
1 PraTraatment 519444 1254112 418237 | -4.45012 | 14.83901 1.242 B 245
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Table A.5 LD Group Statistics and Comparison using Paired T-Test for Students with
other LD (No LD in Math)

Pretest No Math Disability

Pair T-Test No Math

Paired Samples Staistics

St Error
Wlean N Std Deviation | Mean

Pair  PreCaonfrol 472 4663 TA8874 | 268302
1 PreTreatment | 33.2083 13.03974 | 481028

L==1

[==]

Paired Samples Correlations

N Comelation | Sig.

Palr  PreConlrol &

{ PreTreatment 0 162 10

Paired Samples Test

Paired Diffarences
85% Confidence
Intarval of the
St Emor Difference
Mean | St Devistion | Mean Lovwer Unper t df Siy, (24ailed)
Palr PreContrl -
1 PreTreatment 9.26000 1611430 | GEO730 | 420107 | 227077 1.628 I 148

61



% T-Test LD vs, LD (No Math Disability)

Paired Samples Statistics
Std. Error
Mean N Std, Deviation | Maan
Palr ~ Scores | 296874 B 883083 | 312500
1 Scores | 21,0933 ) 662013 | 234375
Paired Samples Correlations
N Comelation | Sig.
Pair1  Stores & Seores 8 -810 015
Paired Samples Test
Paired Diffarences
85% Confidence
Interval of the
o Ermot Difference
Mean | Sid Deviahion | Mean | Lowsr | Upper I o | i, (Halled)
Pair1  Scores-Scores | 840379 1472876 | 5.20140 | -371980 | 2080730 1680 143
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= LD vs. LD { No Math) Correlations

Descriplive Stalislics

|G E=E=T4) Sitd. Creviation I
Ireatrment 29.8875 2.238983 2]
Cortrol 21.0920 G.52912 1]

Corrslatieons

Treatment Zantrol
Treatrment Fearson Correlation 1 -.8710"
Sig. (2-tailed) 015
-l a8 a8
Control Frarson Correlation -.810* 1
Silg. (Z-tallad) 15
Pl a8 =

T Correlation 1S significant atthe 0.05 level (2-tallad).
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Table A.6 Pretest and Posttest Comparison using ANOVA

ANOVA Pre Vs. Post scores

Within-Subjects Factors

Measure: MEASURE 1

Dependent
SCOMRS Variahle
1 Fre
2 Fost

Descriptive Statistics

Mean Std. Deviation i
Fre 36.46749 10.29257 M
Fost 59.5194 11.75631 KE|

Multivariate Tests?

Effect Value F Hypothesis df | Errordf 5.

scares  Pillai's Trace 860 | 2030312 1.000 33.000 .00
Wilks' Lambda 4001 2030312 1.000 33.000 000
Hotelling's Trace 152 | 203.0312 1.000 33.000 000
Roy's Largest Root R152 | 2030312 1.000 33.000 .00

a. Exact statistic

.

Design: Intercept
ifithin Subjects Design: scores
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Measure: MEASURE 1

Mauchly's Test of Sphericity®

Epsnnna
Approx. Greenhous
Within Subjects Effect | Mauchly's'W [ Chi-Sguare of Sig. g-Geisser | Huwnh-Feldt | Lower-bound
SCOIRS 1.000 .ann ] 1.000 1.000 1.000

Tests the null hypothesis that the error cavariance mattls ofthe orthonormalized transformed dependent variables is

proporional to an identity matri,

a. May he used to adjustthe degrees of freedom for the averaged tests of significance. Corrected tests are displayed in
the Tests of Within-Subjects Effects tahle.

h.
Design: Intercept
Within Subjects Design: scores

Measure; MEASURE_1

Tests of Within-Subjects Effects

Type Il Sum

Source of Squares df Mean Square F iy,
seores Spheticity Assumed 4033.295 1 4033295 | 203.03 aon

Greenhouse-Geisser 8033.285 1.000 8033295 | 203031 il

Huynh-Feldt 4033.295 1.000 9033295 | 203031 oo

Lowrer-hound 9033.295 1.000 9033295 | 203031 oo
Error(scores)  Sphericity Assumed 1468.240 3 44 442

Greenhouse-Geisser 1468.240 33.000 44442

Huynh-Feldt 1468.240 33.000 44,492

Lowar-hound 1468.240 33.000 44,492
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Tests of Within-Subjects Contrasts

Meastre: MEASURE 1
Tyne I Sum
Golrce soores | ofSuares | df | MeanSquae | F A,
S00res Lingar | 9033295 P 9033288 | 203031 (00
Eronscores)  Linear [ 1480240 3 44407
Tests of Between-Subjects Effects

Measire: MEASURE 1
Transfarmed Variable: Average

Tme (I 5um
Source [ ofSouares | | MeanGouae | F o]
nfereept | 156630723 1] 156830723 | Te4s0d | 000
il f598.6:39 3 1006
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ANOVA Pre test Vs Post Test

Within-Subjects Factors

Measure: MEASURE 1

prepost

SCores

Dependent
Yariahle

1

Ohj21Pre
Qhj22Pre
Ohj31Pre
Ohj32Pre
Ohj41Pre
Ohj42Pre
Ohja1Pre
Ohja2Pre
Qhj71Pre

W 00— o M e O R — O OO = O O e L R —

Obj21Post
Ohj22Post
Ohj31Post
Ohj32Post
Ohj41Post
Ohj42Post
Ohj51Post
Ohja2Post
OhjT1Post

(By Objective)

Descriptive Statistics
Mean Std. Deviation
Qhj21Pre 1.29 a7 34
Ohj22Pre 1.06 851 KE)
Ohj31Fre 1.18 869 4
QOhj32Pre 1.74 1.214 34
Qhjd1Pre 1.00 J78 34
Ohj42Fre it A35 KE)
Ohjs1Pre 1.62 822 4
Ohjs2Pre A7 B2 34
QOhjT1Pre 2.59 1.104 34
Qhj21Post 2.29 JTEOD a4
Qhj22Post 203 804 a4
Qhj31Post 262 853 34
Qhj32Post 2.24 1.156 34
Qbj41Post 218 869 a4
Ohj42Post T 479 4
Qhjs1Post 2.68 843 34
Qhjs2Post 1.85 287 34
QhjT1Post 276 1.017 a4
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Table A.6 Pretest and Posttest Comparison using ANOVA

Mutivariate Tests?
Effact Valle F Hipothesis df | Errordf 5in.
prepost Fillai's Trace 887 | 2861458 1.000 | 33.000 o0
Wilks'Lambda 103 | 286145 1000 | 33.000 o
Hotelling's Trace BETT | 286.1452 1000 | 33.000 000
Roy's Largest Root BETT | 286.1452 1000 | 33.000 00
SC0MRS Fillai's Trace a9 235098 ao00 | 26.000 00
Wilks'Lambda 120 13509 a000 | 26.000 000

Hutelling's Trace 1258 | 235808 ao00 | 26.000 a0
Roy's Largest Root T8 | 235008 ao00 | 26.000 o0

prepost*scores  Fillai's Trace J46 4 5558 2000 | 26.000 o0
Wilks' Lamhda 254 4 5542 000 | 26.000 000
Hotelling's Trace 2940 § 5554 ao00 | 26.000 00
Ray's Largest Root 2540 4 5552 a000 | 26.000 a0

3. Exact statistic

i

Desinn: Intercent
Within Subjects Design: prepostscores+prepostscores
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Measure: MEASURE 1

Table A.7a Pretest and Posttest Comparison using ANOVA

Tests of Within-Subjects Effects

Type Il Sum
Source af Squares df Wean Seuare F Sid.
prepost Spheticity Assumed 113.041 1 113.041 286.145 aann
Greenhouse-Geisser 113.01 1.000 113.041 286,144 aann
Huynh-Feldt 113.0H 1.000 113.021 286,145 oo
Lower-bound 113.041 1.000 113.021 286,145 a0
Error{prepost Sphericity Assumed 13.034 X 384
Greenhouse-Geisser 13.034 33.000 395
Huynh-Feldt 13.034 33.000 384
Lowerhound 13.034 33.000 345
SCOMES Sphericity Assumed 178.353 ] 22294 25,4083 a0
GGreenhouse-Geisser 178,353 5.4922 30118 25,408 il
Huynh-Feldt 178.393 7362 24227 25,408 oo
Lower-bound 178,353 1.000 178.343 25408 oo
Errariscores) Sphericity Assumed 231 647 264 81T
GGreenhouse-Geisser 231847 | 195.423 1.185
Huynh-Feldt 231 R4T | 242840 LT
Lower-bound 231 84T 33.000 7.020
prepost* scores Sphericity Assumed 8170 ] 4,396 7775 .0ao
Greenhouse-Geigser 3170 £.196 AETE 1774 .0an
Huynh-Feldt 35170 7.784 4518 7.775 a0
Lower-bound 3/AT0 1.000 38170 1778 o9
Erroripreposttscores)  Sphericity Assumed 149,275 264 il il
GGreenhouse-Geisser 149275 | 204.462 730
Huynh-Feldt 148275 | 256.884 A81
Lawer-bound 148,274 43.000 4523
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Table A.7b Pretest and Posttest Comparison using ANOVA

Within-Subjects Factors

Measure: MEASLIREE 1

Dependent
prepost SCOres ariahle
1 ChjZ1Pre
ChjZ22Pre
Chji21Pre
Chj22Pre
Chjd41Pre
Chid2Pre
Chis1Pre
Chis2Pre
ChiT1Pre
ChjZ21Post
Chj22Post
Chj21Post
Chj22Post
Chid41Post
Chijd42Post
Chig1Post
Chig2Post
ChiT1Post

[l B e O I ) B LT S Nl o et I L B S P T S

Between-Subjects Factors

wWalue Label I

Toar O control 17
1 treatrment 17
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Table A.8a Pretest and Posttest by Groups Comparison using ANOVA

Descriptive Statistics

TarC Mean 5td. Deviation
Obj21Pre  contral 1.24 152 17
treatment 135 996 17
Total 129 A kT
Obj22Pre  contral B8 847 17
treatment 124 a3 17
Total 1.06 851 kT
Obj3tPre  contral 106 &9 17
treatment 129 1.047 17
Total 118 868 kT
Obj32Pre  contral 1.29 1160 17
treatment 118 113 17
Tatal 1.74 1.214 M
ObjdPre  contral et Fa7 17
treatment 112 847 17
Total 1.00 118 3
Objd2Pre  contral M A70 17
treatment A& K06 17
Total 8 35 H
Obja1Pre  contral 163 1125 17
treatment 171 i 17
Total 162 812 it
ObjazPre  contral A9 T84 17
treatment i 443 17
Total A7 2 kT
Objif1Pre  control 14 1.09 17
treatment 154 1029 17
Total 158 1104 kT
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Obji21Post  contral 259 T12 17
treatmant 200 Jo7 17
Total 229 JE0 il
Obj22Post  control 224 152 17
treatment 182 1.015 17
Total 202 B04 il
Obj31Post  control 247 1.007 17
treatment 176 64 17
Total 152 883 it
Obj32Post  contral 24 1.200 17
treatment 24 1147 17
Total 114 1.156 it
Objd1Post  contral 1.04 il 17
treatment 41 1.064 17
Total 218 BE9 34
Objd2Post  contral A2 B36 17
treatment A Aar 17
Total Nl 74 H
ObjaTPost  contral 2.76 H03 17
treatmant 159 795 17
Total 268 843 3
Objs2Post  control 200 o7 17
treatment 171 B85 17
Total 184 BaT il
ObjT1Post  cortrol 184 1164 17
treatment 188 Ba7 17
Total 276 1.017 it




Table A.8b Pretest and Posttest by Groups Comparison using ANOVA

Multivariate TestsP

Effect Walue F Hypothesis df Error df Sin.
prepost Fillai's Trace 830 425.29172 1.000 32.000 .ooao
Wilks' Lambda 070 428.2913 1.000 32000 .oaa
Hotelling's Trace 13.384 4282914 1.000 32.000 .0oo
Roy's Largest Raoot 13.384 42829142 1.000 32.000 .ooo
prepost* Tar Fillai's Trace 382 17.3932 1.000 3z.000 .ooao
Wilks' Lambda 48 17.3934 1.000 32000 .oaa
Hotelling's Trace Add 17.3934 1.000 32.000 .ooao
Roy's Largest Root A44 17.3932 1.000 32.000 .0oo
SCOres Fillai's Trace g8 248732 2.000 25.000 .ooao
Wilks' Lambda A12 24,8784 8.000 25000 .oaa
Hotelling's Trace T.9681 24 8734 a.000 25.000 .0oo
Roy's Largest Root 7961 248732 2.000 25.000 .oon
scores * TorC Fillai's Trace 236 JHE42 2.000 25.000 485
Wilks' Lambda 764 RELT-E 3.000 25.000 485
Hotelling's Trace 308 HE442 8.000 25.000 ABA
Foy's Largest Root a0 HE42 2.000 25.000 485
prepost* scores Pillai's Trace J47 g.2044 2.000 25000 .ooao
Wilks' Lamhbda 243 92042 a.000 25.000 .0oo
Hotelling's Trace 28445 9.2042 8.000 25.000 .ooao
Foy's Largest Root 2.945 9.2042 2.000 25.000 .oon
prepost® scares *TorZ  Pillai's Trace 414 2.2084 2.000 25000 062
Wilks' Lamhbda Ritslsl 220842 a.000 25.000 062
Hotelling's Trace Jor 220842 8.000 25.000 062
Roy's Largest Ront Jo7 2.2032 2.000 25.000 062

a. Exact statistic
h.

Design: Intercept+Torc
Within Subjects Design: prepost+scores+prepost™scores
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Table A.8c Pretest and Posttest by Groups Comparison using ANOVA

Tests of VWMithin-Subjects Effects
Measure: MEASURE_1

Soaurce F Sig.
prepost Sphericity Assurmed 428,291 .aoo
GreenhoUse-Geisser 428 291 .oao
Huy nh-F eldt 428,291 .aan
Liowwer-bound 428 2491 .oao
prepost * Toarc S phericity Assumed 17.2932 aon
G reenhouse-Geisser 17.293 .goo
Huywnh-F eldt 17.393 .ooo
Lo r-bounid 17.393 goo
Error{prepost) S phericity Assumed

S reenhouse- G aissar
Hiuy nh-F eldt
Lowwer-baund

SCares S phericity Assumed 2a0.9282 .aano
GreenhoUse-Geisser 2549248 .oao
Huy nih-F el 25,928 .aano
Lo r-baund 25 928 pajuin;
scores T Tonz S phericity Assumed 1675 1oa
GreenhoUse-Geisser 1. 675 12T
Huy nih-F el 1.675 las
Lo r-brounid 1.6745 L2045
Erroriscores) S phericity Assumed
GreenhoUse-Geisser
Huy nh-F eldt
L owwer-bhaund
prepost * scares S phericity Assumed 7211 aon
G reenhouse-Geisser 7.811 .aano
Huynh-F eldt 7.811 .ooo
Lower-baund 7.811 .gog
prepost ¥ scores T orizs S phericity Assumed 1.153 L3249
S reenhouse-G eisser 1.192 L2344
Huywnh-F eldt 1.153 .3249
Lowwer-bound 1.1532 L2891

ErrariprepogtTscaore s S phericity Assumed
S reenhouse- G aissar
Hum ih-F eldt
L owwer-bhound
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Table A.8d Pretest and Posttest by Groups Comparison using ANOVA

Measure: MEASURE_1

Tests of Within-Subjects Effects

Type Il Sum
Source of Sgquares df llean Square F Sig.
prepost Sphericity Assumed 113.021 1 113.021 4782491 .ono
Greenhouse-Geisser 113.021 1.000 113.021 4782491 .ono
Huynh-Feldt 113.021 1.000 113.021 4782491 .ono
Lower-hound 113.021 1.000 113.021 4282491 .ono
prepost* TarC Sphericity Assumed 4 580 1 4 /490 17.3483 .oon
Greenhousge-Geisser 4540 1.000 4.480 17.383 .ono
Huynh-Feldt 4.540 1.000 4.580 17.383 .ono
Lower-hound 4.580 1.000 4.580 17.383 .ono
Errar{prepost) Sphericity Assumed G444 3z 264
Greenhouse-Geisser 2.444 32.000 264
Huynh-Feldt 8444 32.000 264
Lowar-bound g.444 32.000 264
scores Sphericity Assurned 178.353 2 22.294 25928 .ono
Greenhouse-Geisser 178.353 G159 28.9549 25928 .ono
Huynh-Feldt 178.353 2.000 22.294 25928 .ono
Lowet-bound 178.353 1.000 178.353 25928 .ono
scores *Torc Spheticity Assumed 11.523 8 1.440 1.674 05
Greenhouse-Geisser 11523 61549 1.871 1.674 27
Huynh-Feldt 11.523 g.000 1.440 1.674 105
Lower-bound 11.523 1.000 11.523 1.674 205
Erroriscores) Sphericity Assumed 2200124 256 BE0
Greenhouse-Geisser 2200124 197.079 1.117
Huynh-Feldt 220124 256.000 BEB0
Lower-bound 220124 32.000 5.8749
prepost* scares Sphericity Assumed 35170 ] 4 3496 7.8 .ooo
Greenhouge-Geisser 35170 6051 5812 781 .oon
Huynh-Feldt 35170 7.852 44749 7811 .ono
Lower-hound 35170 1.000 35170 7.811 .ong
prepost* scares * Tare:  Sphericity Assumed 5180 ] LT ] 1.1583 329
Greenhousge-Geisser 51490 6.051 BAg 1.153 334
Huynh-Feldt 4190 7.852 661 1.153 328
Lower-hound 5190 1.000 5.180 1.153 291
Errar{prepost*scores) Sphericity Assumed 144084 286 AE3
Greenhouse-Geisser 144.085 193646 J44
Huynh-Feldt 144.085 251.265 a73
Lower-bound 144,085 32.000 4,503
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Appendix B Student ANOVA Profile (ANOVA Center LTD.®)

Figure B.1 ANOVA Profile General Education Student

UP 8¢h Grade TAKS Needs Assessment Profile
-
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Figure B.2 ANOVA Profile Special Education Student (TAKS and TAKS A)

% 10th Grade TAKS Needs Assessment Profile

—_—
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Figure B.2 ANOVA Profile Special Education Student (TAKS and TAKS A)
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Appendix C Instruments

C.1 Informal Assessment

| Date
RSl Ty
By e Start Time
ZY s
q, NV Informal Assessment End Time
& m‘ép . .
£l vt Direct Instruction o
Independent Practice L
Total time o
ID # Objective Inter.# Number of Students in the group GroupC Group T
General Attitude
1. Are you taking a math class? Yes / No
2. How Well are you doing in math? (Or did in the
past)
Very bad Very Good
0 1 2 3 4
3. How are you feeling Today?
Very bad Very Good
0 1 2 3 4

4.Do you think you are going to be able to solve today's math problems

Not at all Yes I'm Pretty Sure

0 1 2 3 4
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5. Student Showed signs of anxiety? ( Tapping feet, unrest behavior ,wet palms,
stuttering etc) Yes /No Describe it

Behavior during Intervention

6. Student Asked questions during direct
instruction? Yes /No

7. Student asked questions during independent

Practice ? Yes /No
8. Student asked for Teacher support during Independent 8a. Student asked the Teacher to be
Practice? Yes/ No praised?

9. Student asked for peer support during Independent

Practice? Yes/ No 9a. Student asked peer(s) to Praised?

10. Student made drawings or calculations before giving the final
answer? Yes /No

11. Student Used calculator in order to verify / solve the
problem? Yes /No

12. Student Used the smart board in order to verify / solve the
problem? Yes /No

79
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13. Student tried to guess the answer? Yes/ no

14. Student made mental operations to solve the

problem? Yes/ No

15. Student Used  Overt  Language Thinking? Not observed Most of the Time
0 1 2 3 4

16. Student Used  Covert Language Thinking? Not observed Most of the Time
0 1 2 3 4

17. Student was able to solve how many
problems?

0 1 2 3 Out of:

Comments
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C.2 Excel Table Example (Criteria)

1D

First
Name

Juan
Johnny LD

Math
Calculation

TRUE
TRUE

Math. 1Q | Quantile | GR | LEP | Gender Bas!c Reading . Listening ertln.g
Reasoning Reading | Comprehension Expression
TRUE 83 505 12 No M TRUE TRUE FALSE FALSE
TRUE 80 650 11 No M TRUE TRUE FALSE TRUE
C.3 Excel Table Example (Total Scores)
Raw Raw . .
ID Name Score Pre Score Post (Dgc?::al) C(ioa/l;w
Pre Post °
Melina 16 50.00% 29 90.63% 0.41 40.63
C.4 Excel Table Example (Scores per Objective)
ID Name D1 Obj. 2b Obj. 3a
Inf. Pre Post Inf. Pre Post
23 Charlie LD Yes 2 0l Yes 1 2
4 Carlos LD Yes 0 1| Yes 0 2
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C.5 Pretest and Posttest Quesions
Pretest Questions for Objective 2 part a

(Note: All problems are based on TAKS items releases)

tpuestion 17

John and same of his friends went waterskiing in
his new boat. He made a table that showed the
number of gallons of gos remaining at the end of
each hour. The scatterplot below shows the gas
that remained in terms of the hours that had

passed.
r
&

I -
-
Gas &
(gallans) FRE
-
-
T =
hours)

Which of the following describes the correlation
between the gas that remained and the hours
thast hod passed?

A Positive correlotion

No correlation

-

Muegrative corrolation

=]

Undefined correlation

(Question 14

Which function is the parent function of the

groph below?

=N N
ow e g
now
WO R
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Posttest Questions for Objective 2 part a

Paga 3
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11.

12,

Which s the beat mepredan bati oa of thy Fenetivg v = 67

—p ¥

il ]

Manica collectid data on the e and heighia
of 3 mndim ssmple of bixth-, seventh., and
eighth-grade studenta at her schoal, [f she
Plota the data on a seatierplod, what
relationship wil) she mogt likely see betwenn
age anhd helght?

A Anceative correlation
Mo careslation

B
L' A positive corrolation
1] A oonetant eorrelation
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Pretest Questions for Objective 2 part b

4 2008 Boicasad bamg
L’ﬂ.hﬂﬂl‘l 2 3
2 Tha parimeter of an equilaterol iripngle is 2 Civen the fanction i) = 8 ° — 7, what is the
3 meters or leas. eriie=r =
A 25
B -4
C T4
o I

‘Which set describas tha domain for I the
length of ome side of tha thangie?

A W<iE3

B ==&

G In=is 1

I |o<i< 38|

Juestion 16 ¢ i
iza 1'.:-n'pnuj.:in¢¢1m[h:hmﬂ:|heiarnqmﬂh ve a speach of greater
ﬁfmﬂ:rmmmf;ﬁ¢;WMmhm Tivs table below shows the bengehs of saveral of her

s hees,
Eliza's Spaeched
Wsek Number 3 4 5 &
Length of Speech (seconds) 150 180 | 210 240

[f this trend coetimees, In which week will gha give o 13-minubs spesch?

22
12
15
24

B oHE =

Page 4
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15, [dentsr the graph thes beat repressnis e ndabanskip betwn e maeher of gallons of gaslin
Mr. Johneon porchased at 31 4Y a gallan and the tobad coak of B gasnting.

Cast of Gascline Cost of Gasoling

=

Total Cosi
=

Tealen] Cicied

Mumber ol Gallons Number of Gallons
Cost of Gasoine Cost ol Gasoline
4
8 | |
] E o J 3 IIII
E: g
& 3
. ; :
Mumber of Gallans hurnbar of Gallors
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Posttest Questions for Objective 2 part b

Question 20

The fllowing ordered pairs balong to the
lunction fixh

i1, 23, (2, BY, {3, 18), (4, 52
Which equation best describes thia function?

A Axl=x+4
B fixh — 8z

C Axn =27
1]

1]
fhlhA—I

7. What iz the demain of the fonetion shown on

the graph?
x N,
|
L 1
[
I
F |
i s
=7 = - -] o =A gt 1 F O
4 J H -F#I
L B
P
,.‘$L 3
- " a2 1
A —3=2x= 5
B —-3<x<23
i -B<x=4
D -BEx<4
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14- ln..'

below show n pallern of dioek tles ond whets dile= that con be describsad hy & roalationship

bl oon & vartables

Figure 1

Flgners 2 Figure 3

Wihnich role rets e of, Kb mameber of dork 4l e w, U poamber of whils Lilss?

F o= dur

H wed-1

= L..:.-.:.l: ot the graph below.

LIy

o @& m@

u ] 10 20 3D 40 S50 a0 Fo a0

Which is the bost interpretation of this graph®

Fal
B

Jorge carns 320 for each luour wor b

Tur every 10 pieces of conmdy Stacery buys,
mhee paoos F1.

For avery 10 atudents at = o s,
= goacheras nre nesded os chapesrones.

A PUner rins ot o conRrtaot roke of
2 miles ovory S0 mlowatos.

&9



Posttest Questions for Objective 3 part a

22 ‘What is the rate of change of the function shown abowve?y

A 0
3
" 4
c i
4
b 4 What are the alope and y-intercepd of the

equalion of the line eraphod below?

.“"
L]
T ' T
x
L |
o ¥
= a
. T
'-q..‘_ a
] [ 2 0 .
b e e ey ey = o 1 = A A al =] =] =
1
'_; s, % B
)
= =1 'q“"
—r -
| -1

b el

A m=-—2 ¢ m=—3
=—4 B o= —3

o il N

B m= 3 1 m T
h=—4 b o=—03
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Ll wropEph of o ldaesmryr TLUVmne i s b b ev®@ e Dess B resr

TF tdaee Tirmar oo Bavammlobeer] 2 wrnite dowme s bhdck
smxpumbanry wll hbest describs thes e Lo

B v mm T - L
i

o o mm o - L

L o= Sg 4+ &

= _r——:.:l—\.\r-l-_’-

=, Wl gerengady osl en Taoras wn Shoaaris T o,

N

A

P
|1-IJ|I|!-!|!'-&!

R aa ==

IFf tlae &lope of this Llimves is monslcepsl el ko T oeed
[ e Barrwar pri cledieases by 2 undte . vwhich
basmmine o baATlcn repressmres thesrs chmnmpma T

. F I, |

p el e o K

!
+
i
1
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Posttest Questions for Objective 3 part a

Wihat e Ui slope snd y- i bercapt af the o = em
wraphmsd el @ syuatiorn the lirve

11.

- i o o

-

SEESSN
- H

L L

Thes graph shows wWwhat ha3ppens 0o the walue of O Cormpuler
e Ehrmes.

=T

:
7

Yl
kg
:

AYHE |

AL
Tl

@ f- =
| B =
a & 1= 10 =24 20 3G A2 40 S4 o0 a0

Tirmo
fmanthsy

Wihat can vow conduda From tha graph™
F The waluus Incresasd owver tlims

L~ The wmluae decressesd ooocer Tinmes,

Tha valus reamalne-d Ehes smrmes over Hemees.
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- Thilm Il thea gr&spb oaf riies Scjesmbiaa W oms = 2 - =

W7

F
k
k.
Y
i

|
Fi
?/f
= '-"5';|_'_'='|i=i'l:l-.!- y
]
|

3

O R e e S e )I\{

| = .S2S25

Hl-u-:;-lnl—-lnt-'r-:-pt Forrm
Rl TRie eCjes el ieaewe

1
5

W = i - B

WS Fnda 1 atajueATiery s erparesasrels o e poraliasl o e llmnas shoywn abowsa ™
e e —_—— == 1

-v-.':--'\-u

= w o S s af

12 Tha geaph al tha lice | v =1 g shown Salow.

It thie line |5 shilfted 2 units dewn, whicn Menciion best describes the graph of
the fAave line?

F po= Sk
: +
1
G AC R |
: <4
] :
H F==x=2
1
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Pretest Questions for Objective 3 part b

W Fr e be daalalar e sleemaiT e pecaiirs on the ldose grm phect balaosser ™

3 F_,
= s < -""HJ
— e
- =
= = = = 0 bl ¥ £ ==
o i fom
== =3
= [ i
[ e 3
o . ol 1 ¥
— — = e r
= — —= —=
— — ol — A
3 = o >
= - ) L=
— e EX e
— T - =
- - = R —= =t
—1 £l iz il
1 = 7 E]
= 1 = =
15, “Which linesr function bt dosorlbes e erapl
- ElT Ty Bl 7
1
L ¥ B =
- - :d
1 i
L ¥ o— o= - =
. i 1
! B — L
> 2 =
> e
» = =
»
[ ] ¥
k-3
< i
T P
e = s s

H_l BULLY. .,
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11. Which of tha fallowing deacribes the line
contnining the poeints (0, 41 and 3, —2)7

A r==2r 4+ d

2
C y=2Ir+4d
()] r=—l-.r+E
2

10. Which graph best represents the Tunction ¥ = —1, 75 + 57

i d

F is g_-r | N x H !ﬁ_ LR
| | ] |

Ei I.'l" : ¥ J

hl. | .
1l
g ccccss i e R e

7

: = X
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Posttest Questions for Objective 3 part b

5B - Which of the following ordered pairs is the
s-intercept or the y-intercept of the function

2y — vy =87
A 1B 0y
B i 4)
C 4,
I» O, R

7. Which function includes the data set
[, 4y, 0F 61 12, 07

A ¥=Ix
B '|.‘=%
C vw=2xr-=10
D v=2142
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15, vhich Linsowr Funerion inehides s pomirile =3, T1and (%, 50%

ﬂ"-"‘ 4 '_Lh_L_:'q.ﬂ-'- HE R I

o fial e 3 4 10

2 Which linear eguation represenls the ling

passing Lthrough points 7 and 57

o= Ix - F

Wo=2x 7

ol
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14,

Pretest Questions for Objective 4 part a

Wil grapeh Beat i ceeiibn e ceslndaon to dhis avetems of grgeiod e

T — 1]

- T —_i
L
T T TR
i I = 1 1
= z L - =
= -
¥ wd T N of =fw L o o4 =
[ = ey T ; . :“"..,_-L' [
=] 1 -t .
= = -
I ] & | I :_ ;:F ':F.-F 5’ """-.ﬂ
EEET 1 HH [ 11 | | - I i I|
I I T T r | r
: T -..!\ 3 I | 1 ! i I -+ . J I. r
iz EaaRESTe
i == =1 - =
EEEEEEE® Ay = = ) 4 4
b = -.,\— — —ie i
= : - =
l|_ I I [P 1 T TT.

20 Which of the following egquations has a y-intercept of 4 and an x-

intercept'of 67

12

F 2x + Iy
G 3x + 2y =12
H Ax + By = 12

] Bx + Gy = 12
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If ix, —4) is a solution to the equation
4x — 5y = 8, what is the value of ¥?

A —438

B -3

C 16

i 37

The graph of the eguation v = %_r — 2 is given

below. Graph » = x + 1 on the grid.

-
I 3 | AT T ]
- o
o
el
= -
3 o
- -
=
=
1 ol
e ) e ] ..—a-a-—-ua-_.:sasa?eo e
_—
—=
]
| —=
A —a
) =
| —=
| | | 1

WMot s tlhie saoblution to this syvstern of

LR T s

M Ak, A
2B 15, &
o« 5. T

I« Mo solutiorn
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Posttest Questions for Objective 4 part a

= Thie graphes of the Inuear capuamiione y — 2o — 3
= mred v — A — T arc showrn besloos
-.v —
|
L5
=
-
= - o
=r=x=—xf=ul =} =7 bl G =TT -
WL - "
A
[ —%
If2x —= T =— 3w — T.whaot 15 the values of oF
2y -+
LI =1
H 9
¥ 14
£ IF vhe systom o Timessr squaanlicrraie 2o 4+ » — L
i v — —% w4 L ozapess e peliadd i T & o
oo dimoats gyl wrie b eel” Lues Toallosow i is the
moslrardsrr Fas Lbanss sy slaeny onl Thrpas-oor caguamsbd oerus s
£
| - =
- - e —
- - ]
- ] -
= = L. 3 ] ] | T = 7| = = T = = v
1
'_.;.
- o __'_'
- -
L
e =
i
- LR
| =4 A Ew
L FTLR. 5%, LFD
e Ik Fnas e
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13, What is the value of ¥ ift3. v is a solution to
the equation 5x — 3y = 187
F 3
o1
H -1
J =11

R
r=2r+4

20 Wnich graph best recresents 2 ssiutlon to the system of equations
abova?

f_|_- :_:el-_l-“
Rerinamra ol i
¥
b T R T
L HEER, !||
/
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Pretest Questions for Objective 4 part b

11, At Northwest Electronics audiotapes cost
$5.00 per package, and videotapes cost $10.00
per package. Which inequality best describea
the number of packages of audiotapes, a, and
the number of packages of videotapes, ', that
can be purchased for $45.00 or less?

F 5a + 10v < 45
G 10a + 5¢ = 45
H Sa+100 245
J 10a + 5v < 45

12, Wulsris purchoscd & il of Bpstick a5 34 sach and ¥ bateles of nail poliah ot $2 coch. Ahe apent
dess thae F1E, noc inehuditg L, Use thie gkl Bulow to proph b ssspuslity 4oy 2y - 13

£
T
"
-
2 [ -
= E R T 5 % oo T

Which pednt. representa o reamonable numbser of Nprercks amd Batthas af narl pebiab thot Vderis

purchased?
A il e
B X 3
C il e
| LY
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Posttest Questions for Objective 4 part b

1 The groph of the lincos weEation = %1- + T
18 shidwrs haloys

¥

N

. =
AN T
A =] =
EESEa=sEy RS
R N
O N

Which coordinate poir is in the soluiian met ol
e owT ?i' = T

A (a1
B 11, 23
L= (S Y i ]
I . Th

Brandon has a budget of $53 to spend on
clothes. The shirts he wants to buy are on sale
for $9 each, and the pair of pants he wants
costs $21. All prices include tax. Which
inequality could be used to determine s, the
maximum number of shirts Brandon can huy
if he also buys the pair of pants?

F 21s+9<58
G 9s+21<58
H 30s <58

J O9s—21558
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Pretest Questions for Objective 5 part a

—_— I
The graph of @ Funoiiadn s shewn bl
e
L T
L 11 [
Y| -
- L B
-- 5 H
: | L
=) mAd 4 4~
I '
— L
T 1
. TS
17 1 [ ||
IF Lhee ssivnphs b8 eronsleted 7 amits dowen, which of ole- Gl lasing hee eeproessenis the resuliing groph?

L

LR |
!

ET T

e ===l

i £z e = ;
SiEgsza=ccEl ﬁ%
TR -

HE SSSEEE
L

P

NEREE SESREEEEE == | 1L
== YL H-H BEi==s: ' HHH
He LEmL g HF

" |- {I”j_.'ﬂ__; o T b “r f =

9. How does the graph of v = r 2 differ from the

graph of ¥y =x2* — 47 .

A The graph of ¥ = x % — 4 is wider than the
graph of » = x 3,

B The graph of ¥y = x% — 4 is shifted to the
left of the graph of ¥ = x =

C: The graph of ¥ = x? — 4 is shifted down
from the graph of ¥y = v 2.

| B

The graply of v = x? — 4 i=s narrower than
the graph of v = x =2,
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EN WA T eaerla axl Lhsee Koallawsarigr 1a ke woe-tesr b bl
i anpeale anl Llasr sogrppiloisry wr om A E e SRy e R

L
F [
- .
-4 =
2 = -
=
' =
b i
- B
=
1 .
v 7] —aw o = s == =] = ) = =] | =| =] F| =] =™} *
5 [—
=
=¥
= -
A
1 "
— e
—i
= 3 I
. ran_ )
= r— L. T8
P L, &%
by {5, LBk

12. Whem gmphed. which funetion would appenr tn be shifted 2 uaits up fum the graph of fie =% « 17

=M

|I
|
BEnnprnn

F geimy?=1
0 oari=xte g
H pri=g!-32
J gxi=z'sl
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Posttest Questions for Objective 5 part a

How would the graph of the function

¥ =x? + 4 be affected if the function were
changed toy = x? + 17

F  The graph would shift 3 units up.

The graph would shift 3 units down.

The graph would shift 3 units to the right.
The graph would shift 3 units to the left.

- I Q

10.

Which equation will produce the widest
parabola when graphed?

A y=2o1

B y=-6x*
C y=-0.6x"°
D y=02¢2
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3. The graph of the function v = x®* — 2 is shown

below.

.
- Fé
-

LY - r i

—.-—-—‘_‘—‘4‘;!£“e?.’ e

—=
—
—

Ifthe graph of the original funcrion is shifred
S units up. which of the following eguacions
best represents the translacion of each poinc
on the curve?

=% 4+ 5

ko e
= = F 4 =
p = 3 =2 — 2
- T -
i, e gy el w0 Cusnacfacses csl dbnes dvrrmam
A T E ST R, FTETECT TR DYy FETTES
w

I ] i.l?‘_'_ ﬂ

ﬁ.'-'.-v-q--l'lq ] ;|"'|-|.

..r""""il;-'””?ﬂlﬂ
!
3

|
=
|

TrwFm: wrarply pe Lerppelnted cnly e or dowen bee
incliuds ghes aoraderesd peebe 13, TF, wrTara-Ty oaf LEpae
Tl Tevsasnvags a-egavanig 1w lmel Cepressesnts the

rrrsun L0 Eregg @ runps ke

A == —_1:.-'-'.:-:
i -
i - =" .
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Wihlch paolnbs hest reprcsenl Lhae roots of the graphed guadratic eguation

Pretest Questions for Objective 5 part b

Showwn baloww

T

§ESEnnnnaEn SEED

_ /
1 TEH

L] I

Ea : }

{8, OF and (—1, —%7
(—Hi, —5) and {—Z.&, O}
(0, =263 mnd (O, O.&3

{2, O) mad (0.6, 0%

4. Which graph bast repreannbs A squacian thot Tus the roots « = b s = Lo
3 4

3]

i e

1

TT11]
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8. What are the roots of the function graphed
below?

:

-

NH!(HU“IDQL-‘,
]

- =

f
1
]
J
]
]
'
I/

A 4 5 8] T| = =

)
b

4

&

b

L

R

H
- O]

F (—1, —9)and (0, —8)
G (0, —4)and (2, O)
H (—4, O)rand (2, O
-¥§ (O, 2y and 10, — 4
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Posttest Questions for Objective 5 part b

What are the x-intercepts of the graph of the

T2
equation y =x% +x — 127

A x=4.x=3

B x=-—4,x=3
C a=—4,x=-=3
D x=4x=—3

10.

Which equation will produce the widest
parabola when graphed?

A y=2?
B y=-6x°
C y=-06x°
D y=02¢?
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Which points hast reprosesnt Dl rossle ol Lhe
rraphicd guadealic coguotion shown halomer?

»
. S
s !
= { =
. ¥
” IR ||
F =
. | 5 \
J_lﬁ% : ;
-r--? ] — - k] ¥ 1 E] I: - ] ] 17 -
W : ! \
—=r
: . T \
I B E-|
1 —
=& I |
L |
1'!'__ | |
=l 1 %
| O {hg,l}}nﬁd -!_42,(1._1
i i & |
i= ddzmh_rnndr..-!‘l_!,il:-
o ol y 1
H Id}!,ﬂ}ﬁndfﬂg,ﬂ:
1 =0 |
I ¥ —F = L
“-Z,EEJ -l.ll.d.I:'l:l-l_-:ar
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Pretest Questions for Objective 7 part a

Tha devircing Felre elces BEI DS VS0 stane w0 il s el L =7n dfsreios calee, el ai Ches
nurher afeules b el selaan 1 s STresrrs

[ @ =] =

B w a

=& | !

1 = i
Fromi T

W irln A ol s b | S DR T et s sk ok

'\-:I i
v W
e .
ﬂ .-. I @
Y
T AT AW maloer mmaars 0 maliedl AT e e e

e .

-'-- -\---
_---r:'h_ _-'-:---'-_
- - - -
-.-_"_- H --'::-
. o
F=wranal
ke A emaiepr s, e e i @ bees fep e dease ool Ble Faesepeeeaed el 07
o -
- T

\
~/J
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Which drawing best represents the top view of this building™

: b |
&)
L J@,\
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Posttest Questions for Objective 7 part a

10, Tae drvwizgshers the tg e of g seneirs bell we b s sl ws e auziter of absn marly
| sikend of Hee slracium.

3|4
Tee]
Fronl

W A diarnsrnal vy i D paiae dnciee?

Rigrnl

Thr dravwan g shemee vhe dtep siese of o = dismorses eneel el

I Wiy

e s cmmedbad

|
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? The illu-taation bsslimr =luoes a0 G- e oal

wimw ooF o e reae

£

Which of the fllwing hest represents a fronl,
A pade, or a tap wiew of chis senew?

s- mmmmm + (N

=} W hpcfr of thes follow inmg besil sesprresa-nni AT
= Foserl. womnev ol @ Fpae seeslial sbaesvme g Tl orss ™
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