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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
th
 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) 
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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) 
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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 
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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).
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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 
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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) 
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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) 
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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 
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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. 

 

 



  

 10 

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) 
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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)  

 

 



  

 14 

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) 



  

 15 

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.  
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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)  
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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
th
 graders, five were 10

th
 graders, 10 were 11

th
 

graders and six were 12
th 
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 Ed. 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 I 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 I 32 31 37 31 

Geometry 29 44 37 40 

Algebra II 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 

Algebra I 54 48 45 50 61 55 60 55 26 51 

Geometry 64 44 60 70 63 67 74 70 46 58 

Algebra 2 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  

Algebra I 41 44 35 34 85 55 63 72 30 47  

Geometry 41 31 53 55 36 55 52 57 54 34  

Algebra 2 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) 

 

 

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   

 5 2 4 3 7 

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. 

 

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. (H0:µ1 = µ2) 



  

 33 

 

 

 

 

 

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 

Control=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. (H0:µ1 = µ2) 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 Control-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 Pretest Posttest D 

1 50.00 90.63 40.63 

2 25.00 53.13 28.13 

3 28.13 59.38 31.25 

4 37.50 65.63 28.13 

5 34.38 59.38 25.00 

6 31.25 56.25 25.00 

7 28.13 53.13 25.00 

8 21.88 56.25 34.38 

9 31.25 50.00 18.75 

10 9.38 53.13 43.75 

11 40.63 78.13 37.50 

12 31.25 62.50 31.25 

13 53.13 84.38 31.25 

14 37.50 59.38 21.88 

15 28.13 59.38 31.25 

16 40.63 56.25 15.63 

17 25.00 50.00 25.00 
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Table 8b.Control Group Pretest and Posttest within Comparison 

 Control Group  

ID Pretest Posttest D 

1 25.00 35.94 34.47 

2 28.13 46.88 18.75 

3 37.50 59.38 21.88 

4 43.75 56.25 12.50 

5 43.75 59.38 15.63 

6 56.25 84.38 28.13 

7 28.13 50.00 21.88 

8 34.38 50.00 15.63 

9 43.75 53.13 9.38 

10 50.00 62.50 12.50 

11 56.25 68.75 12.50 

12 43.75 59.38 15.63 

13 37.50 59.38 21.88 

14 37.50 65.63 28.13 

15 34.38 59.38 25.00 

16 43.75 68.75 25.00 

17 37.50 65.63 28.13 
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 Table 9 Independent Measures Comparison 

 

 

Figure 8.Treatment and Control Independent Measures Comparison 

 M 

 

SD 

 

 

Significance 

Group    

Treatment 29.04 7.39  

   df=32 

   t=3.8 

   d=84.36% 

Control 20.41 7.10  
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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. (H0:µ1 = µ2) 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, r=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 

   r=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 

   r=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, r=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 

 

 



 

 

Table 12 LD vs. LD (No Math) Correlations

 

 

Control 
 

Treatment 

  

 

 

Figure 9.Gain Comparison

In addition, analysis of the variance (ANOVA) 

consistency of the treatment effects between groups (Control and Treatment groups). The first 

comparison was using repeated measures ANOVA between the 

(k=9) among all participating students (n=34). 
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Table 12 LD vs. LD (No Math) Correlations 

Control Treatment 

 

Significance

-.81 

-.81  

 

Gain Comparison in Students with LD in math 

In addition, analysis of the variance (ANOVA) 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 ANOVA between the Pretest and the Posttest

(k=9) among all participating students (n=34). An analysis of variance indicated 

22.19

9.38

Math Calcuation Only Math Reasoning Only

Gain Comparision

 

Significance 

n=8 

r = -.81 

p<.05 

 

in order to evaluate the 

consistency of the treatment effects between groups (Control and Treatment groups). The first 

Posttest scores 

 significant 

9.38

Math Reasoning Only
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difference in performance between the Pretest scores and Posttest Scores, F (8,264) =7.78, 

p<.01, η=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, η
2
=0.3523. 

Table 13 ANOVA Pretest vs. Posttest Scores 

 

 

    Interventions    

Significance 

Measures            

 
1 2 3 4 5 6 7 8 9   

Pretest           df=8 

M 1.29 1.06 1.18 1.74 1.00 0.68 1.62 0.47 2.59  SS=264 

SD 0.87 0.85 0.87 1.21 0.79 0.54 0.92 0.6 1.20  F=7.78 

Posttest           η
2
=19.1 

M 2.29 2.03 2.62 2.24 2.18 0.71 2.68 1.85 2.76   

SD 0.76 0.90 0.85 1.16 0.87 0.58 0.84 0.86 1.02   

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

 

 

f df 

Significance 

 

SS η
2 

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. (H0:µ1 ≠ µ2) 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. (H0:µ1 ≠ µ2)  

 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. (H0:µ1 = µ2). 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. (H0:µ1 

≠ µ2) 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. 
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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)
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Table A.3 LD Group Statistics and Comparison using Paired T-Test 
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Table A.4 LD Group Statistics and Comparison using Paired T-Test for Students with LD 

only in Math 
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 61 

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 
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Table A.6 Pretest and Posttest Comparison using ANOVA 
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(By Objective)
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Table A.6 Pretest and Posttest Comparison using ANOVA 
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Table A.7a Pretest and Posttest Comparison using ANOVA 
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Table A.7b Pretest and Posttest Comparison using ANOVA 

 

 



  

 71 

 

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

 

 

. 
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Table A.8b Pretest and Posttest by Groups Comparison using ANOVA 
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Table A.8c Pretest and Posttest by Groups Comparison using ANOVA 
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Table A.8d Pretest and Posttest by Groups Comparison using ANOVA 
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Appendix B Student ANOVA Profile (ANOVA Center LTD.®) 

Figure B.1 ANOVA Profile General Education Student 
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Figure B.2 ANOVA Profile Special Education Student (TAKS and TAKS A) 

 

 . 
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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   

Start Time     

Informal Assessment End Time     

Direct Instruction   

Independent Practice    

Total time   

ID #   Objective   Inter.#   Number of Students in the group   Group C 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 

Practice? Yes/ No 

8a. Student asked the Teacher to be 

praised? 

Yes/ 

No 

9. Student asked for peer support during Independent 

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

Yes / 

No 

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 
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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) 

ID 
First 

Name 
D1 

Math 

Calculation 

Math 

Reasoning 
IQ Quantile GR LEP Gender 

Basic 

Reading 

Reading 

Comprehension 
Listening 

Writing 

Expression 
Lexile Treatment/Control 

26 Juan LD TRUE TRUE 83 595 12 No M TRUE TRUE FALSE FALSE 800 T 

97 Johnny LD TRUE TRUE 80 650 11 No M TRUE TRUE FALSE TRUE 700 C 

                

 

C.3 Excel Table Example (Total Scores) 

ID Name 

Raw 

Score  

Pre 

Pre 

Raw 

Score  

Post 

Post 
Gain 

(Decimal) 

Gain        

(%) 

51 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 0 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) 
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Posttest Questions for Objective 2 part a 
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Pretest Questions for Objective 2 part b 
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Posttest Questions for Objective 2 part b 
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Posttest Questions for Objective 3 part a 
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Posttest Questions for Objective 3 part a 
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Pretest Questions for Objective 3 part b 
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Posttest Questions for Objective 3 part b 
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Pretest Questions for Objective 4 part a 
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Posttest Questions for Objective 4 part a 
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Pretest Questions for Objective 4 part b 
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Posttest Questions for Objective 4 part b 

. . 
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Pretest Questions for Objective 5 part a 
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Posttest Questions for Objective 5 part a 
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Pretest Questions for Objective 5 part b 
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Posttest Questions for Objective 5 part b 
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Pretest Questions for Objective 7 part a 
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Posttest Questions for Objective 7 part a 
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