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     Walton, Donna L., The impact of computer mediated instruction on sensory 

cognitive factors in literacy learning.  Doctor of Philosophy (Educational 

Computing), December 2003, 107 pp., 20 tables, references, 55 titles. 

     The purpose of this study was to examine the impact of computer assisted 

instruction on the development of literacy skills.  The effect of instructional 

methodologies designed to stimulate sensory processing (auditory, visual, and 

somatic sensory) through information processing activities was analyzed.  A 

software program was designed to present instruction to stimulate learning in one 

sensory modality, visual processing.  Also, the effect of delivery mechanisms on 

the acquisition of literacy skills was investigated.  Three treatment groups and a 

control group were established to analyze differences:  cognitive processing 

methodologies presented via computer technology, conventional methodologies 

presented via computer technology, cognitive processing methodologies 

presented through traditional classroom tools, and a control group.  A portable 

keyboard computer with word processing capabilities was selected to deliver 

technology-enhanced instruction.  

     Results from this study suggest that activities designed to specifically promote 

processing in one sensory modality, do not promote acquisition of skills in other 

regions.  There was no change in scores when visual methodologies were 



applied to auditory and somatic sensory cognitive processing goals.  When 

spelling tests that utilized all sensory modalities were analyzed, visual processing 

instruction had no effect on achievement.  This result was duplicated when tests 

requiring auditory processing skills were examined.  However, when visual 

processing skills were applied to words requiring sight word memorization 

techniques, the methodologies improved achievement scores. Therefore, it can 

be concluded that methodologies increase achievement only if activities are 

designed to stimulate the sensory cognitive modality that the skill requires.   

  Results of analysis concerning the effect of delivery mechanisms on spelling 

achievement revealed that technology is a useful tool when used to promote 

information processing related to the learning goal.  Visual cognitive processing 

activities delivered via computer technology were effective only when practice 

activities matched instructional objectives.  When conventional methods of 

learning spelling skills were presented utilizing technology, student scores did not 

increase.   

     It can be concluded that spelling achievement can be improved through the 

introduction of intelligent software applications if the instructional program is 

designed to stimulate appropriate cognitive processes and to meet targeted 

learning objectives.  A theory for designing instructional software to meet these 

criteria, The Integrated Processes Method, was presented. 
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CHAPTER 1 
 
 

INTRODUCTION 
 
     Epistemology is the study of the nature, origins, and capabilities of human 

knowledge (Sternberg, 1999).  Cognitive psychologists exploring this field of science 

seek to gain an understanding of human learning based on the acquisition and 

development of knowledge representations and their role in the mastery of instructional 

objectives (Barnard & May, 1999).   Historically, a variety of theories have been 

proposed which suggest hierarchical stages of memory development that govern all 

learning tasks (Craik, & Lockhart, 1972).  The seminal model in the field of instructional 

design is the work of Robert Gagne (1988).  According to Reigeluth (1983), Gagne's 

instructional theory has three major components: classification of learning outcomes, 

conditions that characterize each category of learning, and events of instruction to 

activate learning.  These classical theories are based on student behaviors exhibited 

during learning activities.  Recent emerging theories are based on studies utilizing 

functional brain imaging to record patterns of neurological activity produced during the 

act of learning.  The resulting analysis suggests cognitive processing involves diverse 

parallel associations of information that are modality and task specific (Scientific 

American, 1999).  In this evolution of differing theoretical perspectives, as a specific 

theory gains favor, instructional practices follow.  Controversy between evolving and 

diverse theories of cognition have inhibited the development of a single theory upon 
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which to base instructional message design.  The content area of reading will be used 

to illustrate the relationship of learning skills and instructional methodologies to theories 

of instructional design. 

 

Instructional Design Theory in the Content Area of Reading 

     Reading is the ability to recognize printed words quickly and accurately and then link 

them with their meaning  (Linan-Thompson et al, 2000).  Learning to read is a complex 

process based upon an explicit set of basic literacy skills that are developed utilizing a 

systematic set of external instructional methodologies.  The skill areas that develop 

literacy learning include sight word identification, phonics strategies and contextual 

language analysis.   

     The history of reading practices designed to develop these essential skills is 

characterized as a continuing controversy over correct philosophy and preferred 

methods (Lindamood et al, 1997).  Clark and Uhry (1995) classify these methods into 

three information processing theories of reading:  bottom-up theory, top-down theory, 

and interactive theory. 

Reading Skills 

     Three fundamental skill areas of literacy development are the basis of reading 

instruction in schools:  sight word identification, phonics strategies and contextual 

analysis. 

Word Identification Skills:  Sight word reading is based upon word identification skills 

that enable a learner to recognize a word quickly and accurately.  The learner develops 

a memorized sight word base so that words do not have to be phonetically decoded 
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(Bell, 1997).  Skills in this content area are hierarchically sequenced.  Print awareness, 

the study of the name and shape of each individual letter symbol, is the most basic word 

identification skill.  The skills progress to alphabetic knowledge activities that build a 

relationship between the symbol and its corresponding sound and, ultimately, to 

recognize the orthographic patterns of syllables and words (TEA, 2000).  In the sight 

word method, flash cards are used to stimulate the innate memorization of visual 

configurations, and high-frequency texts are utilized to develop fluent reading skills 

(Osborn and Lehr, 1998).   

Phonetic Strategies:  Phonics skills are essential to the development of reading abilities 

(Juel, 1988).  Phonics skills include the identification and sequencing of phonemes in 

syllables and words.  The acquisition of phonics skills rely on the learner’s ability to 

identify phonemes in words, sequence them into a syllable or word, and match the 

resulting sounds with a known word (Wagner & Torgersen, 1987).  Contrived texts that 

highlight the regularity of the print to speech system are utilized in this methodology to 

promote symbol sound mapping skills (Osborn & Lehr, 1998).   

Contextual Analysis:  Contextual analysis skills are based on using relative meaning of 

words and sentences to identify visual and auditory components and recognize words.  

In developing contextual analysis skills, students must utilize contextual cues to derive 

words in sentences, stories, or literature.  Phonetic and sight word strategies are also 

used in this methodology to prompt or verify word recognition.  Many experts believe 

that contextual analysis skills emerge naturally, without direct teaching, if students are 

immersed in literature (Liberman & Liberman, 1990).   
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     Each basic skill area of literacy development is dependent upon sensory cognitive 

processing abilities.  The sensory cognitive category underlying word identification is 

visual processing.  Auditory processing enables the learner to develop phonetic 

strategies.  The sensory cognitive category basic to developing contextual analysis is 

somatic sensory processing. 

Instructional Methodologies 

     Three methods of literacy instruction have been developed to facilitate the 

acquisition of the three skills basic to literacy development (Conway 1991).  The first 

method for teaching literacy, the bottom-up perspective, is commonly used to develop 

sight word skills and phonics strategies.  Each of these skill areas involves beginning 

with the fundamental components of language and developing the ability to identify 

symbols and sounds and to manipulate and sequence the components into syllables 

and words.  The methodology presents skills in a part to whole sequence.  These skills 

are essential since the ability to recognize printed words quickly and easily are 

fundamental to reading fluency (TEA, 2000). 

     The second category of reading practices, the top-down perspective of literacy 

instruction, is designed to develop reading skills using contextual cues that are based 

on the learner's understanding of the world.  This methodology builds on background 

knowledge, syntactic context, and purpose for reading to predict words and check 

comprehension (Clark & Uhry, 1995).  This hierarchical method moves in a whole to 

part sequence from the learner's understanding of language to its constituent parts. 

     The final category of literacy methods, the interactive perspective of reading 

instruction, describes reading as a series of sequentially ordered processes that occur 
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in parallel (Rumelhart, 1977).  Rumelhart's theory involves introducing all processors or 

cue systems concurrently to enable students to connect information and process lexical 

knowledge.  Seidenberg and McClelland expand this model by describing the two-way 

processes that exist between cue systems (Clark & Uhry, 1995).   

     Each of the methods of developing literacy skills describes a design for sequencing 

learning events.  The type of method appropriate for instruction can be determined by 

analyzing the relationship of the objectives to the learner's prerequisite knowledge.  

Relating objective to information processing stages facilitates this process.   

     In a report from the International Reading Association, Reid Lyon (1999) suggests a 

balanced approach to literature instruction that combines sight word, phonics and 

contextual language instruction.  This methodology of instruction closely correlates to 

the interactive theory of reading.  Reading expert, Nancy Bell (1997), agrees and 

suggests that reading requires a gestalt analysis that views the reading process as an 

interactive whole.   

Purpose of the Study 
 
     According to the No Child Left Behind Education Initiative, reading is central to 

learning – in school, in the workplace, and in everyday life (Bush, 2001).   For many 

children, learning to read and write during early school experiences is a pleasurable and 

even a thrilling experience, for themselves, for their parents, and for their teachers.  But 

for children who do not make good progress in these early grades, learning to read is 

difficult and is associated with both present and future failure.  Children who do not 

learn to read well in elementary school are likely to struggle with reading throughout 

their lives.  In the national Assessment of Educational Progress released in 1999 (Lyon, 
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1999), it was reported that over one third of all fourth grade students in America scored 

below grade level on the National Assessment of Educational Progress.  In the same 

report it was stated that 70% of high school seniors read on a 6th grade level. 

     The purpose of this study is to introduce a theory that correlates sensory modalities 

with information processing methods to promote cognitive processing utilizing computer 

technologies.  The content area of reading will be used to illustrate the cognitive 

instructional design theory.  Data will be presented to support this type of instructional 

literacy program.  An additional purpose of this study is to identify the cognitive 

modalities that underlie basic content skill areas and discern the instructional methods 

that can best be utilized to incorporate these sensory cognitive components into 

instructional practice.  Data will be presented to support this type of instructional literacy 

program.   

 

Problem Statement 

     Reading is a cognitive process.  To learn to read, a learner must acquire literacy 

skills that enable them to decode words in a variety of situations.  Sequenced lists of 

skills for reading in each of the three skills categories outlined are commonly used in 

reading programs and textbooks designed to enhance the acquisition of reading skills.  

These resources utilize methodologies that correspond to each skill area to facilitate 

mastery of the prescribed skills.  Literacy learning for students with 'normal’ cognitive 

processing is increased by providing instruction that introduces essential literacy skills 

presented through prescribed methodologies.  However, students with learning 

differences do not respond to this type of instruction.   

 6 
 
 



 

     Many students experience failure in the Language Arts skill area of spelling.  During 

spelling instruction isolated words are presented in lists that involve specific processing 

abilities.  If the child is disabled in the processing area required, the student will not be 

able to encode the words or master the lesson's objectives. 

 

Hypotheses 

     Research Question:  Can technology programs designed to activate sensory 

modalities and promote cognitive processing skills positively effect the achievement of 

third-grade students, regarding spelling achievement? 

Ho1:  There will be no significant difference in the spelling achievement scores of 

students presented with methodologies designed to promote visual cognitive processing 

via portable technologies, students presented with conventional methodologies via 

portable technologies, students presented with visual cognitive processing 

methodologies via conventional learning tools and the control group. 

Ho2:  There will be no significant difference in the “word identification” spelling 

achievement scores of students presented with methodologies designed to promote 

visual cognitive processing via portable technologies, students presented with 

conventional methodologies via portable technologies, students presented with visual 

cognitive processing methodologies via conventional learning tools and the control 

group. 

Ho3:  There will no significant difference in the “phonetic strategy” spelling achievement 

scores of students presented with methodologies designed to promote visual cognitive 

processing via portable technologies, students presented with conventional 
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methodologies via portable technologies, students presented with visual cognitive 

processing methodologies via conventional learning tools and the control group.   
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CHAPTER 2 
 
 

LITERATURE REVIEW 
 

     Human cognition is the product of a system that transforms physical stimuli into 

psychological thought.  The system is based on two main components: sensory 

perception and information processing.  Therefore, to understand learning, it is 

necessary to study the architecture and functions of the human brain.  These 

components of the cognitive processing system can be illustrated from a neuroscience 

perspective.   

 

The Cognitive Processing System 

     Studying the system of cognitive processing that is utilized to change sensory input 

into psychological thought provides a model for all learning processes.  It is a common 

misconception that learning to read is a natural and easy task if a student from a 

nurturing environment is presented with instruction that systematically presents basic 

reading skills.  However, learning to read for many children is a complex linguistic 

achievement (American Federation of Teachers 1991).  In a speech to the White House 

Summit on Early Childhood Cognitive Development, Reid Lyon of the National Institute 

of Health (Lyon, 2001), addressed this issue by pointing out that 25% of our nation's 

children in 1998 entered kindergarten bereft of the necessary oral language and early 

literacy skills critical for learning.  He noted that the children came from families “without 
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any risk factors such as poverty, parents who have limited education, single-parent 

homes, or lack of experience in English.”  It is clear that these students do not have 

educational, social or cultural impediments that deter learning.  The learners have 

cognitive differences that do not respond to conventional reading instruction.  To 

promote cognitive literacy development for these learners, instruction must focus on 

neurological modalities that underlie basic skill areas and methodologies that promote 

information processing abilities (Rack, Snowling, & Olson, 1992).  Because of the 

complexity of the task of teaching reading, technology systems are capable of greatly 

enhancing our ability to assess individual abilities and progress, assign appropriate 

practice, and deliver instruction. 

Reading Skills 

     Each of the basic reading skills: sight word recognition, phonics strategies and 

contextual analysis are the result of neurological structures and functions that develop 

as a child learns language.  Neuroimaging reveals that, in the act of reading, the region 

of the brain and corresponding sensory modality activated is dependent upon the 

strategy that the child is using to recognize each word.  Auditory processes develop 

phonics strategies and visual processes promote sight word identification.  The 

cognitive basis of contextual analysis is undocumented in current literature. 

Auditory Processing:  A study conducted by Reid Lyon (1997) show that 80% of all 

words are phonetically correct.  In the early grades when reading text is contrived to 

conform to phonetic rules, students rely on auditory processes to analyze and decode 

these words as they develop phonics strategies.  When auditory regions of the brain do 

not process human sounds, language acquisition is hindered.  The sense of hearing is 
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the basis of developing language and reading skills.  In a child with normal hearing, the 

ears tune themselves to human sounds at birth, connecting the neural fields that enable 

language, emotions and intelligence.  Even the smallest change in the way a child 

comprehends or encodes sound can hinder development (Einhorn, 1996).  Over seven 

million students in America have problems processing sounds although they do not 

have hearing problems.  The problem seems to be that the sounds do not resonate long 

enough for the learners to process them.  They hear the sound, but it is not transmitted 

to the brain properly (Porges & Bazhenova, 1999).  This inability to properly hear the 

sounds of human speech deters reading development since the phonetic sounds of the 

language cannot be analyzed into phonemic units and synthesized into the phonetic 

patterns that enable the student to decode words. 

     In a study conducted at the Ontario Institute for Studies in Education, Linda Siegel 

(1993) examined the auditory sensory modality and its effects on reading disabilities.  

The purpose of Siegel's study was to examine the evidence for the independence of 

phonological skills and general cognitive processes in determining reading ability.  The 

researcher based the study on the theoretical approach of Stanovich.  Stanovich 

proposed that phonological processing is a fundamental characteristic of reading 

disability and that this sensory process constitutes a modular function that operates 

automatically and independently of cognitive ability.  To study this effect, Siegel 

selected a meta-analysis of data collected in several studies.  A total of 1493 students 

were chosen.  Some students were reading disabled while others were normally 

achieving.  A variety of reading tests were administered and sub skills measured 

included phonological processing, word recognition, spelling and reading 
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comprehension measures.  All testing involved pseudo words which are nonsense 

syllables to remove the influence of sight word recognition from the assessments.  

Regression analyses were conducted and, in all cases, the pseudo word reading 

measures were more highly correlated with the reading and spelling tasks than were the 

IQ scores.  However, reading scores and IQ were also significantly correlated.  Siegel's 

findings support the idea that a higher correlation exists between phonological 

processing and reading skills than IQ and reading skills.  On these findings, she 

concludes that phonological processing is a fundamental characteristic of a reading 

disability.  She also concludes that phonological processing is a sensory process that 

works independently of IQ. 

     Research studies conducted at Harvard Medical School, Stanford University, the 

University of California and Rutgers University are currently examining the relationship 

of the brain’s response to phonological processes and reading (Poldrack et al, 2001).  

These studies have found that the phonetic units, phonemes, have distinct acoustical 

features that are the fundamental units of words.  Phonological processes related to 

reading include phonological segmentation, phonological symbol mapping, and lexical 

retrieval.  Functional imaging of auditory perception involving these reading tasks has 

been found to activate a distinct region of the inferior frontal and temporal cortex.  This 

indicates that the segmentation, coding and comprehension of phonemes in reading are 

related to perception of transient auditory signals that involve the identification of distinct 

acoustical features as well as the ability to perceive acoustical changes rapidly.   

     Related studies from Yale University, the University of Colorado, Bowman Gray 

School of Medicine, University of Miami and Johns Hopkins School of Medicine 
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(McElgunn, 1996) highlight the need to add phonological awareness processing skills to 

programs focusing on advancing language processing.  These studies conclude that 

remedial instruction must develop auditory processing skills that many poor readers 

lack.  Most structured reading programs begin at the level of association of sounds with 

written symbols.  There is growing evidence that the reading process really begins at 

the more basic level of auditory discrimination of sounds (Lindamood, Bell & 

Lindamood, 1997).  The authors contend that the ability to isolate and manipulate the 

constituent sounds of words, known as phonemic awareness, is directly related to 

reading ability.  The National Institute of Child Health and Human Development 

supports this finding and stresses the fact that auditory word discrimination skills are 

extremely important to students with reading disabilities (Lyon et al, 1993).   

Visual Processing:  The estimated 20% of "sight words" which do not follow phonetic 

rules must be identified in another manner.  Students rely on visual memory to analyze 

and recognize these words.  The visual aspect of reading deals with recognition of 

language symbols and memory.  The role that vision plays in the process of language 

acquisition is important, since visual recognition of words in a quick and accurate 

manner is the fundamental element of reading fluency.  Once reading skills are 

mastered and the learner becomes an independent reader, it is estimated that 98% of 

words read are read by sight.  By the time a child is in the fourth grade, students no 

longer rely on phonetic principles to read most words.  During this learning stage of 

development, phonics strategies are used as cues to prompt and verify accurate word 

recognition.      
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     The sense of vision is the body's top intelligence gatherer and constitutes one-fourth 

of the brain's cerebral cortex.  This sensory organ has offered scientists their most 

powerful insights into the brain's structure and operation because it is easy to study.  In 

the 1950's, two neurobiologists from Johns Hopkins University conducted a series of 

experiments in which they implanted electrodes in the brain of a cat.  When the firing of 

single neurons was recorded, it was found that the neurons produce a visual map that 

respond to color, form and motion.  There are at least five maps in the visual system 

alone and each responds to different stimuli (Brownlee & Watson, 1997).  It has been 

determined that these visual senses work with other senses to determine memory, 

language, and cognition. 

     Dr.  David Marks, Head of the Health Research Center in Middlesex, England is 

currently exploring the role of visual imagery in cognition and consciousness.  He has 

developed a Visual Imagery Questionnaire that has revealed consistencies in cognitive 

and perceptual motor performance in groups of high and low visual imaging.  His 

studies indicate that there is a relationship between the discrimination and memory of 

visual images and the processes of speaking and reading (Marks, 1999).  Dr.  Allan 

Paivio, Professor at the University of Western Ontario, Canada, is further examining the 

link between visual memory and language learning.  He is exploring the dual coding 

system and has found parallels between imaging object or events, knowledge in the 

form of concepts and visual linguistic units (Paivio, 1998).   

     In research conducted at the Department of Psychology at Stanford University 

(Demb et al, 1998), a team of researchers examined the processing capabilities of the 

visual sensory modality and its effects on reading disabilities.   The purpose of the study 
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was to determine the relationship between reading ability and psychophysical 

performance of the magnocellular M pathway of the ocular visual system.  A sample of 

10 students was selected from the Stanford University population.  Five students with 

dyslexia, a reading disability, were selected as the experimental group.  These students 

were students with above average intelligence and a mean age of 22.  Also a control 

group consisting of five students with normal abilities in reading and a mean age of 26 

were selected.  The students were tested in a variety of literacy skills to determine 

reading achievement and a set of psychophysical measures to determine sensory 

processing function.  The reading assessments included tests in the areas of word 

attack, reading rate and comprehension.  The psychophysical measures included 

determining speed discrimination and contrast detection thresholds.  The team found a 

strong correlation between individual differences in motion discrimination performance 

of the M pathway and reading rate.  The researchers concluded that dyslexia is 

associated with a deficit in the magnocellular pathway that is a source of visual sensory 

processing.   

     These findings are supported by a series of studies revealing that students with 

dyslexia have abnormal left hemisphere activation during language task performance.  

Lynn Flowers, professor at Wake Forest School of Medicine in North Carolina, believes 

that the disturbance begins before birth.  In people with dyslexia, the structure of the 

brain called the planum temporale, which is located in both sides of the brain, is 

affected.  In people who are not dyslexic, the left planum temporale is noticeably larger, 

but in dyslexics, it is the same size as the planum temporale on the right side.  This 

points to the conclusion that the area of the brain that enables auditory language 
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processing is not being stimulated.  Flowers contends that axons activated by visual 

stimuli are normally targeted for a specific temporal region of the brain, but they find 

targets in another region (Garrett, Flowers, Absher, Fahey, Gage, Keyes, Porrino, and 

Wood, 2000).  These confused pathways prevent the child from matching graphemes 

(visual input – letter symbols) to phonemes (auditory input) and language processing is 

inhibited.   

     It is the sensory cognitive functions that underlie reading skills that are essential in 

successful reading instruction for students with learning differences (Lindamood et al, 

1997).  Once the learner is capable of perceiving sensory stimulus, the process of 

transforming the stimulus into thought begins.  Sensory acuity is a precursor to 

acquiring basic reading skills, and sensory processing is the precursor to the act of 

reading.   

Instructional Methodologies  

     Scientists compare people with and without learning disabilities to observe 

differences in the structure and functioning of the brain.  In the mid to late 1900's, 

scientists thought that all learning differences were caused by a single neurological 

problem – abnormal brain structures.  However, new studies show that most learning 

disabilities do not stem from an abnormality in a single area of the brain, but from 

difficulties in correlating information from various brain regions (Sherman, 2000).  This 

research indicates that children without early language experiences may fail to build 

these connections.  Children with atypical brain functioning may also fail to build 

connections.  Current brain research that diagrams brain functions and categorizes 
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learning to specific neuron fields suggests that students with severe processing 

problems may have confused brain pathways. 

     When a child is born, his/her brain is a one-pound mass of nerve cells.  The brain 

begins a process before birth that develops the wiring of nerves and connections that 

will allow the child to make sense of the world (Einhorn, 1996).  The child’s brain 

continues the process during the first year of life as the learner develops the ability to 

distinguish sounds, to see, and to master motor skills.  Neural connections formed are 

deeply affected by the child’s experience.  At birth, an infant is ready to learn any 

language in the world, but by six months is beginning to specialize based on 

experience.  Sensory stimulation shapes the child’s brain.  Electrical connections are 

formed in response to this sensory stimulation. 

     To understand the process of wiring the brain, it is important to study the structures 

and functions of the brain that are responsible for transforming information from each 

sensory modality into neural networks that enable thinking processes.  According to 

Luria, a noted biologist specializing in learning processes, there are two functional units 

of the cerebral cortex responsible for producing cognitive circuitry, the motor and the 

sensory cortices (Kolb, 1996).  Each unit has three regions responsible for processing 

information: the primary, secondary and tertiary cortices.   

Primary Cortex:  The sensory or primary cortices receive sensory stimulus from the 

peripheral nervous system.  Nerve cells are highly specialized to convert energy from 

light, sound, vision, odor and movement into neural signals that convey information 

about the stimulus to the brain (Purves et al, 2002).  There is a neural pathway and 

corresponding cortex for each sensory modality.  The type of sensory information being 
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processed such as auditory, visual or somatic sensory defines the pathway that the 

information takes to the brain and the cortex that processes the information.   

Secondary Cortex:  Each primary sensory cortex sends information to adjacent regions 

called sensory association cortices (Carlson, 2001).  These bits of information or 

neurons form connections with other neurons in the neocortex utilizing axons to send 

out information and dendrites to bring in information.  Neural networks are formed when 

horizontal or vertical connections are established between neurons as a response to 

sensory stimulus.  It is theorized that there are innate connections formed during 

prenatal development that determine the architecture of these networks (Milner, 1986).  

Further studies show that as the human grows, experiences are translated into distinct 

patterns of neuronal activity that influence the function and connectivity of relevant 

neurons to form new networks.  According to the theorist Donald Hebb, consistent or 

correlated patterns of activity in afferent axons tend to stabilize connections (Klein, 

1980).  This means that neural circuits represent learning that reflect the innate 

characteristics as well as the specific experience of the individual.  In this way, sensory 

information received in the primary cortices is connected with other neurons and circuits 

are formed.   

Tertiary Cortex:  The third cortical region involved in information processing, the tertiary 

cortex, integrates information from other cortical regions.  The tertiary cortex analyzes 

and synthesizes information that has been processed in the primary and association 

cortices.  Studies involving the tertiary cortex have shown that this cortex manages 

information processing of neural circuitry (Knight et al, 1999).  The tertiary cortex inhibits 

sensory flow to primary cortical regions to control sensory stimulation of primary 
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cortices.  It also exerts excitatory input to multiple sub-regions of secondary association 

cortices to stimulate specific sensory circuits.  In this way, the tertiary cortex directs 

cognitive processes such as sending information to specific regions of the prefrontal 

cortex that are essential in the syntactic integration of lexico-semantic information 

enabling reading comprehension (Kuniyoshi et al, 2003). 

     Theorists have related the neural networks formed by this hierarchical structure of 

cortical regions that process information.  Noam Chomsky (1975), studied the 

development of cognitive processes in relationship to linguistics and theorized that 

humans have innate patterns of learning that are "wired" into their brain at birth.  

Chomsky suggested that the enormous number of words that humans use must be 

associated with contextual cues to determine meaning.  These associations are too 

complex to be learned and must be attributed to "universal grammar" that is part of an 

innate associational system of cognition (Purvis, 2001).  Lenenberg furthered these 

ideas by suggesting that the left hemisphere of the brain, the area specialized for 

language processing, is larger at birth due to these innate patterns for language 

acquisition (Coon, 1989).  In the book, Machine Learning, Mitchell (1997) describes the 

human brain as a densely interconnected network of neurons.  The neurons become 

excited or inhibited through connections with other neurons in a process that is relatively 

slow, yet precise in its ability to form the relationships vital to information processing 

abilities.  It is this parallel processing of interconnected networks based on distributed 

representations that are the basis of cognitive processing.   
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Pilot Study Results 

     Noted theorist suggest that the acquisition of skills is based upon external 

instructional events that promote development of identified skills(Gagne, Briggs & 

Wager, 1988).  The term brain-based learning is used to define programs that utilize this 

type of instructional design developed to promote cognitive processing.  In three studies 

conducted between 1999-2002, it was found that  "brain-based" reading curriculum 

designed to stimulate auditory, visual and contextual processing positively changes 

literacy achievement.  The reading intervention model was first implemented in a special 

education classroom.  In this project, elementary students that scored at least two grade 

levels in reading achievement below their current grade level assignment spent two 

hours each day for one semester in intensive therapy.  Lindamood Bell programs 

designed to stimulate cognitive functioning and improve auditory, visual and contextual 

processing abilities were utilized:  Visualizing and Verbalizing, SEEING Stars and 

Lindamood Intensive Phoneme Sequencing.  Pre and post- tests were administered to 

students participating in the project.  It was found that auditory skills increased in all 

students with a minimum increase of 1 year, 9 months and a maximum increase of 4 

years, 0 months.  Visual skills increased for all students with a minimum of 2 years, 1 

month and a maximum of 5 years.  Contextual skills increased for all students with a 

minimum of 2 years, 1 month and a maximum of 5 years, 5 months.   

     The results of the initial program were confirmed in the findings of a two-year 

Academics 2000 grant project (TEA Academics 2000 Final Report, 2001).  This reading 

intervention project was funded by the Texas Education Agency to develop a reading 

curriculum model and increase reading achievement for students in grades K-8.  Two 
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collaborative districts with student populations that differed in ethnicity and 

socioeconomic status participated in the projects.  The same 'brain-based" programs 

were used to improve auditory, visual and contextual processing.  The Woodcock Test 

of Reading Mastery and the Texas Primary Reading Inventory tests were used to 

assess student progress.  In these studies it was found that students made statistically 

significant gains in each area of cognitive processing.  Appendix A illustrates the 

statistical findings of the pilot project. 

 

The Integrated Processes Method 

     In 1999, the National Assessment of Educational Progress reported that over one 

third of all fourth grade students in America scored below grade level (Lyon 1999).  It 

was further noted in the report that at least 17 percent to 20 percent of the children 

tested have a significant reading disability.  Currently, national Language Arts standards 

require that 100% of students become fluent readers and independent writers by third 

grade.  Criterion referenced tests are administered to determine the learner's ability to 

meet specified objectives in each area of literacy.  These learners need instructional 

programs designed to promote cognitive abilities that enhance each student's individual 

strengths and provide remediation for individual weaknesses. 

     Instructional design theories define educational practice in prescribing instructional 

actions for optimizing achievement and affecting outcomes.  Instructional design must 

address two basic premises central to curriculum development.  The curriculum plan 

must be designed to provide a framework of concepts and skills that facilitate the 

acquisition of desired learning goals.  The curriculum system must be designed to 
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provide method for accessing, manipulating and retrieving concepts and skills to form 

new knowledge representations.  The Integrated Processes method enables the 

curriculum designer to replicate the cognitive learning cycle through utilizing sensory 

input to build and access knowledge structures and a sequence of developmental skills 

and activities to build logical and progressive neural networks.  The theory proposes a 

sensory information processing method that utilizes computer technology to stimulate 

cognitive processing. 

Sensory Cognitive Processing 

     The human brain receives information from the senses.   How individuals react to 

this information at the central level significantly affects whether the individual acquires 

new concepts to learn quickly and easily, at an average rate, or at a reduced rate with 

difficulty.  More specifically, it depends upon the ability of an individual to consciously 

perceive incoming sensory information and label, classify, organize, and compare it with 

information from other sensory modalities to help the individual interpret the incoming 

sensory information (Lindamood et al, 1997).  The greater this ability, the faster an 

individual can acquire new concepts and learn.  However, appropriate central 

processing cannot be assumed.  Students will be independent, self-correcting learners 

to the extent that instructional design and practices promote the central processing of 

sensory information necessary to concept formation.   

     Understanding neural processing is possible if it is viewed as a complex system.  

The three key components of all complex systems include structure, function and 

behavior (Hmelo et al, 2000).  In the cognitive processing system, structure pertains to 

content area concepts and skills, function refers to the neural circuits formed during 

 22 
 
 



 

information processing, and behavior relates to the connections and associations that 

are made between neural circuits to acquire new concepts and learn.   

Structure:  Sensory processes that form neural cell assemblies in the cortices of the 

brain provide the basic knowledge representations of cognitive processing.  These 

structures are constructed in a physiological process that converts sensory stimulation 

into information.  This information is stored in sensory data fields in the brain lobe.  The 

fact that there is a unique neural pathway and corresponding cortex for each sensory 

modality suggests that each type of sensory input develops structures in the respective 

cortices that are unique to the modality. 

     There are four lobes of the brain responsible for processing sensory stimuli: parietal, 

temporal, occipital and frontal.  Each lobe has a corresponding cortex that receives 

sensory stimulus from peripheral sense organs.  Each has a specific function in 

processing information during the act of learning.  The visual cortex, located in the 

occipital lobe, is responsible for identifying visual stimuli from the retina.  The visual 

cortex is necessary to develop symbolic imagery and encode visual information.  The 

auditory cortex, located in the temporal lobe, is responsible for receiving auditory stimuli 

from the cochlea.  The auditory cortex is involved in processing sound frequencies and 

sequences to develop the sounds, syllables and words of language.  The somatic 

sensory cortex, located in the parietal lobe of the brain, is concerned with processing 

sensory information from the body surface.  The somatic sensory cortex is involved in 

processing tactile information and understanding spatial relationships.  The lobes of the 

brain and their specific functions are presented in Table 1. 
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 Occipital Lobe Temporal Lobe Parietal Lobe 
 Visual Cortex Auditory Cortex Somatic Sensory 

Cortex 
Receive 
Information 
 
Primary 
Cortex- 
Sensory 
(Knowledge 
Representatio
ns 
Formed) 
 

Recognition of 
visual stimuli - 
Topographical map 
of retina 

Recognition of 
sounds - 
Topographical map 
of cochlea, identify 
frequency 
discrimination, 
sound localization 

Recognition of 
tactile stimuli - 
Topographical 
map of somatic 
sensory system  

Mediate, 
Organize and 
Relay 
Information 
 
Secondary 
Cortex- 
(Procedural 
Steps to 
associate 
higher order 
cortical fields) 

Higher order 
processing of visual 
images - identifying 
luminance, spectral 
differences, 
orientation and 
motion 
 
 

Higher order 
processing of 
sounds - 
manipulating 
sequence, number 
of sounds 

Higher order 
processing of 
tactile stimuli and 
spatial 
relationships - 
manipulating 
concrete 
representations 

Process 
Information 
 
Association 
Cortex- 
(Sensory 
information 
that has been 
associated in 
context of 
situation) 

Visual imagery - 
perception of visual 
images including 
object recognition 
and motion 

Comprehension - 
perception of the 
syntax, semantics 
of language, 
attending to 
complex stimuli in 
the environment. 

Tactile learning 
and memory - 
perception of 
body and its 
ongoing 
interaction with 
environment - 
planning and 
matching 
behavior to 
present and future 
demands - 
identifying the 
nature of complex 
stimuli in the 
environment. 

 

Table 1 

 24 
 
 



 

     The structures involved in the neural learning system are dependent upon the 

concept and skills requisite to the specific learning goal.  In the area of literacy, sight 

word identification, phonics strategies and contextual analysis are necessary to 

developing reading skills.  Symbol and sight word recognition rely on processing 

involving ocular structures, phonics and decoding rely on processing involving auditory 

structures, and structural and contextual analysis rely on processing involving somatic 

sensory structures.  Therefore, reading goals must be examined to determine the 

classification of objectives into each of these categories of sensory processing.   

Information Processing 

     All cognitive systems use these same basic principles that the sensory transduction 

system employs to produce psychological thought.  To illustrate this process, the 

sensory transduction of specific sensory modalities can be analyzed.  A three-step 

process can represent the function of the sensory transduction system.   

Function: The first step of the process involves converting physical stimulus to electrical 

signal.  Nerve cells are highly specialized to convert energy from light, sound, vision, 

odor and movement into neural signals that convey information about the stimulus to 

the brain.  Each sensory modality has a specific method of sensory transduction.  For 

example, the sense of touch is translated into information that the nervous system can 

process by a chemical process initiated when a stimulus deforms a nerve ending.  

However, a mechanical process initiated when sound waves “push” on the auditory 

membrane transforms auditory stimulus.  This basic step is complete when the stimulus 

has been received and transduced into a form that the brain can process. 
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     The second step of the process involves transporting the electrical signal (stimuli) to 

the corresponding appropriate lobe of the brain.  The type of sensory information being 

processed defines the pathway that a neuron takes to the brain.  These pathways are 

similar for each sensory modality.   

     In the final step of the process, signals reach a specific cortex where information is 

classified and integrated in preparation for higher level processing.  At this point, 

neurons are sorted and positioned by specialized attributes.  It is this process that 

integrates cell assemblies necessary for a specific type of cognitive processing and 

determines the structure of each knowledge representation.  This step arranges the 

neurons in networked associations in preparation for the next cycle of learning. 

     Each type of sensory stimulus completes the same function described above by 

traveling from a receptor, to an integrative site in the spinal cord or brainstem, and 

finally, to the sensory cortices.  An example of this is the visual sensory system.  When 

tracing the processing of cells in the ocular pathway, it is evident that visual signals are 

received in the retina and follow the optic nerve into the optic tract.  In the Medial 

Geniculate Complex, the signals are classified into parallel layers by their ability to 

recognize motion or color.  This parallel processing continues in the visual cortex where 

the same neurons are integrated into ocular dominance and orientation columns that 

allow perception.  Each step in the process builds on the preceding stage in meeting a 

desired goal.  At some point in the journey from periphery to cortex, each neural system 

develops an orderly map of receptive fields and corresponding cortical fields (Carlson, 

2001).  These maps are essential to the functioning of the brain since they outline a 

sequence of events or tasks that unique signals must follow in order to be associated 
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appropriately.  The function of the sensory transduction system in three sensory 

modalities is presented in Table 2. 

 
 Occipital Lobe Temporal Lobe Parietal Lobe 
 Visual Auditory  Somatic 

Sensory  
Receive 
Information 

Retina 
 
 

Outer ear - (pinna & 
concha) 
 
Middle Ear 

Dorsal root 
ganglion  
 
 

Mediate, 
Organize and  
Relay 
Information 

Lateral geniculate 
nucleus  
 

Cochlear Nucleus -
sound localization  
 
Auditory thalamus: 
Medial geniculate 
complex 

Dorsal column 
nuclei (gracile & 
cuneate nuclei) 
 
Ventral posterior 
thalamus  
(reach thalamus 
through internal 
arcuate tract and 
medial 
lemniscus) 
 

Process 
Information 

Striate cortex 
Recognition of 
visual stimuli 
organized by 
specific attribute 
 
 
Association 
Cortices 

Auditory Cortex  
Recognition of sounds 
organized by specific 
attribute 
 
 
 
Association Cortices 

Somatic Sensory 
Cortex  
Recognition of 
tactile stimuli 
organized by 
specific attribute 
 
Association 
Cortices  
 

 
Table 2 

 
     The functions involved in the neural learning system are dependent upon events that 

result in neural networks of knowledge representation.  The primary cortex is the first 

region of stimulation for sensory information.  In this region, sensory stimuli is perceived 

and categorized to be utilized in higher cortical levels for processing.  In the secondary 
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cortex, experiences result in the stimulation of existing cell assemblies.  In this region, 

neurons are connected into hierarchical circuits based upon these experiences and 

higher-level knowledge structures are formed.  These structures multiply as they 

develop the ability to fire and connect to other connected neuron structures (Orbach, 

1998).  The tertiary cortex links the hierarchical neural circuits into networks of 

knowledge representations based on contextual frameworks.  These networks 

represent neural circuits that have been analyzed, synthesized and evaluated into 

groups because of their relevance to specified learning goals.   

     To determine the placement of objectives within information processing stages, the 

instructional designer must understand the functions of the cortices in relation to the 

knowledge representations produced.  Knowledge structures developed in the primary 

cortex region are representations of skills and concepts.  Knowledge structures 

developed in the secondary cortex region of high level cortical functions are developed 

to represent sequential applications of concepts and skills that complete a learning task 

or objective.  Knowledge structures developed in the tertiary cortex region of complex 

cortical functioning are grouped to represent contextual relevance to a specific learning 

objective or goal.   

Behavior:  It is the behavior of the neurons in locating appropriate targets and forming 

associations that produces neural networks of thinking.  A knowledge representation in 

one lobe of the brain does not work independently in producing thoughts.  The 

information in a single lobe is associated with information in the other lobes to enable 

sensory cognitive processing at each stage of learning.  It is this associative capability 

that allows humans to apply information to process concepts, information and 
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knowledge.  In addition, the ability to associate enables low level processing such as 

common sense and general knowledge of the world, task completion activities, and high 

level processing such as problem solving and creative thinking.  Each of these 

processes involves activating a subsystem of learning that is a replica of the larger 

system. 

     Building neural networks that apply and associate information from the existing 

knowledge structures is the desired behavior for neurons involved in cognitive 

processing.  The behaviors involved in the neural learning system imitate the behaviors 

of the sensory transduction system.  Tracing the sensory transduction system’s 

behavior as it categorizes and organizes sensory stimuli and transports it to cortical 

regions facilitates the understanding of other systems of sensory cognition.  Nerve cells 

are highly specialized to convert energy from light, sound, vision, odor and movement 

into neural signals that convey information about the stimulus to the brain.  The type of 

sensory information being processed defines the pathway that a neuron takes to the 

brain.  However, each pathway has similar locations that perform comparable 

information processing functions.  Each pathway begins with receptors that receive 

sensory input and a mechanism for changing the stimulation into mechanical, electrical 

or chemical signals (Purves, 2000).  These sensory signals (sensory codes) are 

transported to anatomical sites where information is channeled into tracts that classify 

the stimulus by characteristic or origin to meet specific performance objectives.  Finally, 

the signals reach a cortex region where information is assessed and integrated in 

preparation for higher level processing.  The result of these sequential steps is a neural 

circuit that receives, organizes, and integrates information from sensory stimuli.   
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     This type of neural system illustrates the cognitive process that the brain utilizes to 

perceive information from the environment and transduce it into psychological thought.  

This process of circuitry formation is also a model for the neural circuits that are formed 

and utilized when information is transduced in the learning process.  Each cognitive 

circuit of learning developed becomes a functional part of the larger system of 

knowledge representation.  To determine the sequence of instructional activities, the 

instructional designer must understand the behavior of the cortices in processing stimuli 

within the framework of sensory cognitive categories and information processing stages.  

Just as the individual develops mental maps for each of the sensory modalities, they 

also develop mental maps of thinking.  As the learner grows, developmental 

experiences are translated into distinct patterns of neuronal activity that are displayed 

on these maps and influence the function and connectivity of the relevant neurons.  

Correlated patterns of activity in afferent axons tend to stabilize connections.  When a 

cycle of learning is complete, the neural network formed by the associations becomes a 

new knowledge representation structure.  This structure is then the basis of more 

complex neural networks.  In this way the cycle of learning is ongoing and the learner 

continually adds facts, applications, and understandings to their knowledge of the world. 

     This associational process imitates the process that neurons use in processing 

sensory information.  For example, for a human to perceive an object in motion, the 

stimulus is received and transformed in the ocular system, and then associates with the 

parietal and temporal lobes to perceive motion and object recognition properties 

respectively.  Without the associations, the human would see only a flat object.  There 

would be no depth or motion perception.  Three sensory lobes and the cortices that 
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neurons associate with to process sensory information into knowledge representations 

are presented in Table 3.  The processing of sensory information progresses from left to 

right in each row of Table 3. 
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 Occipital Lobe Temporal Lobe Parietal Lobe 
 Visual Auditory  Somatic 

Sensory  
Receive 
Information 
 
Primary Cortex- 
 (Knowledge 
Representations 
Formed) 
 

Recognition of 
visual stimuli - 
Topographical 
map of retina 

Recognition of 
sounds - 
Topographical map 
of cochlea, identify 
frequency 
discrimination, 
sound localization 

Recognition of 
tactile stimuli - 
Topographical 
map of somatic 
sensory system  

Mediate, 
Organize and 
Relay 
Information 
 
Secondary 
Cortex- 
(Procedural 
Circuits to 
develop higher 
order cortical 
fields) 

Higher order 
processing of 
visual images - 
identifying 
luminance, 
spectral 
differences, 
orientation and 
motion 
 
 

Higher order 
processing of 
sounds - 
manipulating 
sequence, number 
of sounds 

Higher order 
processing of 
tactile stimuli - 
manipulating 
concrete 
representations 

Process 
Information 
 
Tertiary Cortex- 
(information that 
has been 
assessed and 
integrated within 
the context of a 
goal/situation) 

Visual imagery - 
perception of 
visual images 
including object 
recognition and 
motion 

Comprehension - 
perception of the 
syntax, semantics of 
language, attending 
to complex stimuli in 
the environment. 

Tactile learning 
and memory - 
perception of 
body and its 
ongoing 
interaction with 
environment - 
planning and 
matching 
behavior to 
present and 
future demands - 
identifying the 
nature of 
complex stimuli 
in the 
environment. 

 
Table 3 
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     The result of the sensory transduction process is the brain’s ability to perceive 

information from the environment.  The three steps involved in converting physiological 

stimulus to psychological knowledge representations are the same steps that the 

learner uses in converting content related information to useful knowledge.  The 

behavior of neural cell assemblies in the first information processing stage, the primary 

cortex region, involves classifying and categorizing stimuli into knowledge 

representations of skills and concepts.  Behavior exhibited in the second information 

processing stage, the secondary cortex region, respond to experience and build 

sequential applications of concepts and skills that complete a learning task or objective.  

Behaviors displayed in the third information processing stage, the tertiary cortex region, 

analyze, synthesize and evaluate neural circuits into networks that represent the 

constituent parts of a specific learning goal.  For example, reading and mathematics 

typically use cognitive sensory processing in the visual, auditory and somatic sensory 

cortices.  To determine the sequence of instructional activities, the instructional designer 

must understand the behavior of the cortices in processing stimuli within the framework 

information processing stages.   

     Various modalities are involved in all learning processes.  Typically, if one sensory 

cognitive processing center is not functioning, the other modalities compensate or 

replace the processing deficit.  This can be seen in the example of the blind person 

reading Braille text.  In this example, visual processing is replaced by somatic sensory 

stimulation.  However, if sensory cognitive processes have no replacement, 

compensation often results in decreased learning aptitudes.   
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Application of Theory to Instructional Design 

     The Integrated Processes method is a theory that illustrates the process that 

learners use to cognitively process information in the act of learning.  The model 

enables a person or computer system to design a curriculum, or a system employing 

that curriculum, to imitate the cognitive learning cycle through the use of sensory input 

to access knowledge structures and a sequence of developmental skills and activities to 

build logical and progressive neural networks.  Math curriculum is used for 

demonstration purposes in all tables to illustrate the application of this theory of 

cognition to mathematics instruction.  The theory can be applied to all content areas.  

An overview of the Integrated Processes curriculum method is presented in Table 4.   
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Table 4 

 NO 

ARRANGE SKILLS

DIVIDE SKILLS INTO  
INFORMATION PROCESSING 

STAGE CLASSES 

ASSIGN OBJECTIVE TO  
COGNITIVE  

PROCESSING CATEGORIES

PLACE GOAL, OBJECTIVES
AND SKILLS INTO A LIST 

CREATE CURRICULUM PRODUCT 

DETERMINE METHOD OF  
INSTRUCTION FOR SKILLS

CREATE ASSESSMENTS FOR SKILLS
ADD APPROPRIATE SKILL

YES 

LACKING  
APPROPRIATE 

SKILL? 
 

 

 

 

 

 

 

 
Table 4 
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     The first step in designing curriculum with this model is to list the content area goal, 

objectives and skills for the specified learning.  A goal is the concept that the student 

should comprehend at the conclusion of the learning experience (curriculum).  

Objectives are the main topics and their relationships that must be understood to master 

the goal.  Objectives are also statements that guide the student’s learning and the 

instructor’s teaching.  Skills are the subtopics that must be understood to master the 

objective.  Prerequisite skills must also be included in the list to ensure that the 

student’s developmental level is available or represented.  A goal, objectives and skills 

of math curriculum prescribed for 3rd grade students are presented in Table 5.   
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Objective 1 
• put together groups that show fewer objects or more objects than 

those in a given group 
• put two simple sets together to produce a new set, the sum of 

which is less than 19; identify if more or less than the original set 
• remove a specified quantity from a given set to produce a new 

set, the subtrahend of which is less than 19; identify if more or 
less than the original set 

• use addition strategies such as doubles, doubles plus one, 
counting on, and number families to add single digit numbers 

• apply the concept of zero in addition and subtraction  
• add and subtract up to two-digit numbers utilizing ‘ no r

strategy 
egrouping’ 

• use addition and subtraction strategies such as doubles, doubles 
plus or minus one, counting on, counting back and number 
families to add and subtract single digit numbers 

• add and subtract up to three-digit numbers utilizing ‘no 
regrouping’ strategy. 

• create a new model to add and subtract up to three-digit 
numbers utilizing ‘regrouping’ strategy. 

Objective 2 
• concepts: count 
• memorize addition math facts with sums of 18. 
• memorize subtraction math facts with subtrahend 1 to 18. 
Objective 3 
• use concrete materials, tables, calculators and number lines. 
• explain the special role of zero in addition and subtraction 
• look for patterns in addition and subtraction to solve problems 

(use strategies such as doubles, doubles plus or minus one, 
counting on, counting back and number families to add and 
subtract single digit numbers, add and subtract up to three-digit 
numbers with no regrouping, explain the special role of zero in 
addition and subtraction 

• use patterns to discover the commutative property in addition 

Skills 

1. Add and subtract whole numbers. 
2. Know single-digit addition and subtraction facts 
3.   Utilize the commutative and associative properties to 
develop strategies for selecting the appropriate computational 
and operational method in problem solving.

Objective 

Students use mathematical operations and relationships 
among them to understand mathematics. 

Content 
Area Goal 

Table 5 
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     The next step in this method of curriculum design is to assign the objectives for each 

goal to sensory cognitive processing categories.  Once the objectives are assigned to a 

particular cognitive processing category, then each of the skills associated with that 

objective are also assigned to the same cognitive processing category.  There are three 

basic types of sensory inputs: auditory input, visual input and somatic sensory input (or 

sensations of muscle and skin).  It is necessary to examine each of the objectives and 

assign them to a sensory cognitive category based on the type of sensory stimulation 

they employ.  Mathematics objectives in the auditory category pertain to verbal 

strategies, in the visual category encompass math facts, and in the somatic sensory 

category include spatial relationships.  This classification of objectives and skills by 

sensory cognitive category is the knowledge base structure of the curriculum model.  

The structure of the curriculum model is presented in Table 6.  In this table, objectives 

and skills are categorized by sensory processing category. 
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• Use concrete 
materials, tables, 
calculators and 
number lines. 

 
• explain the special 

role of zero in 
addition and 
subtraction 

 
• look for patterns in 

addition and 
subtraction to 
solve problems 
(use addition and 
subtraction 
strategies such as 
doubles, doubles 
plus or minus one, 
counting on, 
counting back and 
number families to 
add and subtract 
single digit 
numbers, add and 
subtract up to 
three-digit 
numbers with no 
regrouping, add 
and subtract up to 
two-digit numbers 
with regrouping 

 
• use patterns to 

discover the 
commutative 
property in 
addition 

• put together groups that show 
fewer objects or more objects 
than those in a given group 

 
• put two simple sets together 

to produce a new set, the sum 
of which is less than 19, and 
identify if more or less 

 
• remove a specified quantity 

from a given set to produce a 
new set, the subtrahend of 
which is less than 19, and 
identify if the new set is more 
or less than the original set 

 
• use addition strategies such 

as doubles, doubles plus one, 
counting on, and number 
families to add single digit 
numbers 

 
• apply the concept of zero in 

addition and subtraction  
 
• add and subtract up to two-

digit numbers utilizing ‘ no 
regrouping’ strategy 

 
• use addition and subtraction 

strategies such as doubles, 
doubles plus or minus one, 
counting on, counting back 
and number families to add 
and subtract single digit 
numbers 

 
• add and subtract up to three-

digit numbers utilizing ‘no 
regrouping’ strategy. 

• concepts: count 
 
• memorize addition 

math facts with 
sums of 18. 

 
• memorize 

subtraction math 
facts with 
subtrahend 1 to 18 

 

Utilize the 
commutative & 

Add and subtract whole 
numbers

Know Addition and 
Subtraction Facts 

Somatic Sensory Auditory Visual  

Table 6 
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     The next step in curriculum design involves determining the appropriate information 

processing category.  After assigning the objectives and skills to the sensory cognitive 

processing categories, the Integrated Processes method then divides the skills into 

information processing stage classes.  This sorting of skills is based on the level of 

processing of each skill in regards to the function of the primary, secondary and tertiary 

cortices.  In Table 7, objectives of the “Auditory” sensory cognitive category are 

arranged according to information processing stage. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 40 
 
 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
• create a new model to add and subtract up to three-

digit numbers utilizing ‘regrouping’ strategy. 

Tertiary Cortex 
 
Acquisition of new ideas  
and strategies 

 
 use addition and subtraction strategies such as 
doubles, doubles plus one, counting on, counting 
back, and number families to add single digit numbers
 apply the concept of zero in addition and subtraction  
 add and subtract up to two-digit numbers utilizing ‘no 
regrouping’ strategy. 

 use addition and subtraction strategies such as 
doubles, doubles plus or minus one, counting on, 
counting back and number families to add and 
subtract single digit number 

 add and subtract up to three-digit numbers utilizing ‘no 
regrouping’ strategy. 

 

Secondary Cortex 
 
Acquisition of 
procedures  
and skills 
 
 
 
 
 

 put together groups that show fewer objects or more 
objects than those in a given group 
 put two simple sets together to produce a new set, the 
sum of which is less than 19, and identify if the new 
set is more or less than the original set 
 remove a specified quantity from a given set to 
produce a new set, the subtrahend of which is less 
than 19, and identify if the new set is more or less 
than the original set 

Primary Cortex   
    
 
Acquisition of facts  
and conceptual models 

Auditory  Information 
Processing Stage 

Table 7 

     Step three of the Integrated Processes method involves analyzing the skills in 

vertical sequences to determine if skills in each information processing stage are in 
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developmentally sequential order based on prerequisite skills.  Next, the skills must be 

analyzed in a horizontal sequence to determine if each skill has a corresponding skill in 

each sensory cognitive category.  If a skill is not present in a category, an additional skill 

must be created for each corresponding sensory cognitive category at the equivalent 

level of information processing.  This step insures that all prerequisite skills are part of 

the curriculum model and that the scope of the instructional system includes all skills 

within the realm of the objective.  The addition of skills in all sensory cognitive 

categories of the first information processing stage is presented in Table 8.  Skills that 

were added to the curriculum model are in bolded text.
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Given a number 
sentence, use a 
number line to s
fewer or more 
objects  than those 
specified in a 
number sentence 
and write a new 
number sentence. 

how 

 
Explain the special 
role of zero in 
addition and 
subtraction 
 
 
 
Given two number 
sentences in which 
the addends have 
been reversed, use 
a number line to 
find the sums. 
 
 
 
 
 
 
Given a number 
sentence in which 
the subtrahend is 
the same and the 
minuend is 
contrived to show 
the commutative 
property, use a 
number line to find 
the difference. 

Put together 
groups that 
show fewer 
objects or more 
objects than 
those in a given 
group 
 
 
 
Put together 
groups and 
add or 
subtract  0 
 
 
 
Put two simple 
sets together to 
produce a new 
set, the sum of 
which is less 
than 19, and 
identify if the 
new set is more 
or less than the 
original set 
 
Remove a 
specific quantity 
from a given set 
to produce a 
new set, the 
subtrahend of 
which is less 
than 19; identify 
if more or less 
than the original 
set. 

Concepts: count 
Symbols:  
numbers 0-18, 
equals =, plus +, 
minus -  
 
 
 
 
 
Concepts: special 
role of zero in 
addition and 
subtraction (the 
number stays the 
same) 
 
Memorize addition 
math facts with 
sums of 18. 
 
 
 
 
 
 
 
 
Memorize 
subtraction math 
facts with 
subtrahend 1 to 18  

Primary 
Cortex  
    
 
Acquisition of 
facts and 
conceptual 
models 

Somatic Sensory Auditory Visual   

Table 8 
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     The resulting curriculum model is capable of providing individualized instruction for 

each learner.  If assessment is devised to assess each skill of the resulting curriculum 

model, the learner can be placed in the suitable sensory cognitive category and at the 

appropriate information processing level to meet individual needs.  If assessment is 

created to test sequential skill mastery, students can be tracked over time to determine 

learning deficits and specific areas of strength and weakness in the sensory cognitive 

categories.  This enables educators to select appropriate methods of instructions that 

provide cognitive stimulation to promote learning. 

     The Integrated Processes theory has implications for all content areas since each 

subject has the same sensory cognitive foundations.  This instructional design theory 

also has implications for promoting academic success for all learners since each 

person’s brain has the same underlying structures.  The computer is unique in its multi-

sensory components that can be designed to provide sensory input to stimulate brain 

fields and programmed instruction to lead the learner through sequenced activities.  

Because the computer stimulates complex learning processes and generates tasks that 

are basic to learning, artificial intelligence instructional technology programs may 

become the tool that helps millions of students find success in reading. 

The Integrated Processes Theory and Reading 

     The Integrated Processes method enables the software designer to replicate the 

cognitive learning cycle through utilizing sensory input to access knowledge structures 

and a sequence of developmental skills and activities to build logical and progressive 

neural networks.  The method applied to a goal in the content area of reading is 

presented in Table 9. 
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 Auditory  
Objective: 
Discriminate between 
sounds of the English 
Language 

Visual  
Objective:  Recognize 
letters of the English 
Language and their 
corresponding sound 

Somatic sensory 
Objective:  Associate 
sounds/symbols of 
English Language 
with meaning. 

Primary 
Cortex- 
  

Using only sounds, 
supply activities for 
matching sounds to 
colored objects 
(utilize sound 
matching, 
substitution, 
addition/deletion 
activities). 
 
Start with three 
sounds, two 
consonants and one 
vowel 

Supply the symbol and 
name of the letter for 
the three sounds 
introduced.  Match the 
uppercase and 
lowercase letter to the 
sounds (utilize sound 
matching, substitution, 
addition/deletion 
activities). 
 
 
 
 
 

Supply spoken 
sentence with a 
missing word (only 
the first letter of the 
missing word given) 
and three pictures as 
possible responses.  
Two of the responses 
make sense in 
sentence.  Two of the 
sentences start with 
the correct sound.  
One makes sense 
and begins with 
correct sound. 

Secondary 
Cortex- 
 

Using only sounds, 
supply a one syllable 
word made from the 
three known sounds.  
Say syllables that 
have rhyme.  
Discriminate between 
syllables that rhyme 
and those that do not 
rhyme. 

Using the three known 
letters, arrange them 
into a syllable and say 
other syllables that 
match the initial 
syllable.  Rearrange 
the letters into another 
syllable and repeat the 
task.   

Using the three     
known letters, 
present a syllable 
that is a real word.  
Show pictures of 
possible responses, 
two different 
representations of 
the words and one 
incorrect.  Select 
correct pictures.   

Tertiary 
Cortex- 
 

Using only spoken 
sounds, move a 
colored box to match 
changes in a spoken 
syllable (match 
boxes to spoken 
sound using 
identification and 
number of sounds, 
recognition of 
matching sounds, 
sequence of sounds) 

Using letters and 
spoken sounds, move 
a letter to match 
changes in a spoken 
syllable (match letters 
to spoken sound using 
identification and 
number of sounds, 
recognition of matching 
sounds, sequence of 
sounds) 

Identify three  
letters.  Make as 
many words as 
possible from the 
letters.  Add any 
known letters to the 
group and make as 
many words as 
possible from the 
new set.  Draw a 
picture of each. 

Table 9 
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Computer Based Learning Environments 

     The computer is unique in its multi-sensory components that can be designed to 

provide sensory input to stimulate brain fields and programmed instruction to lead the 

learner through sequenced activities.  As capabilities and accessibility of computer 

technologies increased in education, a number of studies presented evidence that 

computing technologies could promote learning gains in K-12.  Rapid changes in 

computer technology such as simplification of operating systems, improved graphic user 

interfaces, and multimedia capabilities have resulted in greatly improved and expanded 

applications for education (Forcier, 1999).   

Computer Technology and Reading Skills 

     In the task of learning to read, the computer is capable of providing sensory stimulus 

to enhance sensory cognitive processing skills.  The computer has the capability to 

provide visual, auditory and tactile stimulus through monitor, keyboard, mouse and 

auditory multimedia components.  In an article exploring the use of sound in multimedia 

instruction, the authors contend that current programs ignore sound and suggest that 

there are many promising instructional uses for the integration of auditory components 

into instructional software (Bishop & Cates, 2001).   

     Today’s computer systems can provide the sensory stimulus required to stimulate 

each lobe of the brain and stimulate cognitive processing (activate learning).  For 

example, to stimulate processing in the occipital lobe (visual code), the graphic user 

interface of the computer system can be designed to activate processing in the occipital 

lobe by the use of graphical elements, such as icons, pictures, animations, colors and 
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fonts.  To stimulate processing in the parietal lobe (somatic sensory code), user input 

devices of the computer system can be used, such as a mouse, touch screens, a pen, a 

digital writing pad and a keyboard.  To stimulate processing in the temporal lobe 

(auditory code), the audio capabilities of the computer system along with or in 

combination with the other capabilities of the computer system can allow neural 

processing by producing sound, matching a sound or sounds with visuals, and 

manipulating the frequency and tones of the audio.  Since somatic sensory codes 

employ associational cortices in each lobe, to stimulate processing, the computer 

system can be programmed or configured to or present specified visual and verbal 

components in a sequential or associative manner to stimulate the creation of desired 

ideas, models, theories, etc. 

     In addition, when an objective is selected, the appropriate type of input must be 

identified and used to activate the learning process.  However, each of these objectives 

must be linked for parallel processing since learning in any content area is the product 

of varied combinations of visual, somatic sensory, auditory and associational code or 

knowledge representations.  The computer system is capable of automating or being 

configured to perform this process so that each learner moves progressively through 

each objective to ensure the content area goal is mastered.  For example, math is a 

combination of math facts (visual code), strategies/procedures/formulas for computation 

(auditory code), and problem solving abilities in context of real life (somatic sensory 

code).  Reading is a combination of sight words (visual code), strategies/procedures for 

decoding auditory and visual cues (auditory code), and comprehension abilities 

(somatic sensory code).  If a particular curriculum does not have an objective specified 
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for each type of knowledge representation (sensory cognitive processing categories) 

that has been specified for that content area, then one or more objectives should be 

added for those codes or knowledge representations. 

Computer Technology and Instructional Methodologies 

     Instructional methodologies designed to promote cognitive processing of information 

are essential in developing skills that enable reading. The use of artificial intelligence 

systems within computer mediated learning environments has become an important 

focus of research and development in educational contexts to provide programs that 

assess, assign and evaluate instruction (Sugaya & Ohsuga, 2001).  According to Shute 

and Psotka (1998), intelligent tutoring systems that combine learning theory and 

pedagogical strategies date back to the 1800's when Charles Babbage created a the 

'analytic engine'.  He was not able to build an all-purpose machine, but succeeded in 

developing a computer to calculate mathematical tables.  Developments in the field 

continued in the 1920's as John Pressey built a simple computer to provide testing and 

feedback capabilities to teachers.  These machines had preset questions and answers.  

The development of the digital computer in the mid-1900's provided the potential for 

emergent artificially intelligent machines. These systems had electronic central 

processors based on a binary system that allowed symbolic manipulation.  Further 

advancements enabled computers to store and manipulate data, and to make logical 

decisions based on calculations of stored data. As capabilities of computer technologies 

increased, the use of these intelligent systems within computer mediated learning 

environments has become an important focus of research and development in both 

Artificial Intelligence and educational contexts. 
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     Alan Turing, a British logician and computer scientist, introduced many of the 

concepts that define AI (Copeland, 2000). Turing's report, "Intelligent Machinery" written 

in 1948 classifies artificial intelligence systems into two categories.  The first category is 

top-down or symbolic AI systems.  In Turing's work these systems are described as 

treating cognition as a high-level phenomenon that is independent of low-level details of 

the implementing mechanism (brain).  The second category is termed bottom-up.  

Programs utilize the component parts of information in the knowledge base to build 

larger systems and ideas.  

     Top-down and bottom-up artificial intelligence systems store information in the 

knowledge base as structures of symbols and process the symbols using inference 

engines based on logic and forward chaining techniques.  Programs designed to 

educate or train set up symbol systems for instructional objectives and organize events 

into a collection of procedures and rules that follow a specified sequence to meet 

learning goals.  Generally, the symbol system is stored in the computer's memory as a 

list of symbols and processing of symbols is designed as an "if-then" structure.  This 

structure becomes a set of heuristics that form a rule base.  The inference engine 

moves through sequences that are defined and directed by the rule base to arrive at a 

goal.  This allows the instructional objectives and related tasks to be sequenced based 

on these predetermined responses to completed tasks (Turban & Aronson, 1998). The 

sequencing pattern or chaining method depends on the type of system.  Top-down 

programs employ forward chaining techniques that move from component parts to a 

final goal.  Bottom-up programs follow the same hierarchical structure.  However, 

 49 
 
 



 

bottom-up programs employ backward chaining techniques to move from goals to 

identification of component parts.  

     According to Turing, Neural Networks programs belong in the top down category 

since they are designed to imitate the neural circuitry of the human brain (Luger, 2002).  

In these programs, the knowledge base is comprised of bits of information stored as 

nodes that represent neuron fields.  The inference engine establishes connections 

between the stored knowledge representations.  As associations are made, patterns 

and intensity are monitored and the inferencing engine mimics the patterns of circuitry 

developed using patterning, model-based, and case-based techniques. Neural networks 

de-emphasize the hierarchical instructional sequences that enable logical inferences 

utilized in conventional decision support systems and emphasize parallel connections. 

     In 2002, Torgerson and Elbourne (2002) completed a systematic review of research 

studies that address the influence of instructional technology integration in the teaching 

and learning of spelling.  Relevant literature was critically appraised to determine if the 

recent expansion of this computer assisted curriculum in schools is justified based upon 

research. Once research studies were determined, a meta-analysis was conducted and 

results were analyzed.  The results of the meta-analysis suggest a small benefit of 

computer teaching of spelling over conventional methods, which was not statistically 

significant at the 5% level.  The researchers determined that studies are misleading 

since most use inadequate methods and data reported does not support the widespread 

use of computers to increase achievement. The authors suggested that there are few 

randomized controlled trials in this area and that the evidence that ICT is effective is 

 50 
 
 



 

weak.  However, there was no evidence that the use of computers would harm students 

of decrease achievement. 

     The computer is unique in its multi-sensory components that can be designed to 

provide sensory input to stimulate brain fields and programmed instruction to lead the 

learner through sequenced activities.  Because the computer stimulates complex 

learning processes and generates tasks that are basic to learning, computer assisted 

instruction may become the tool that helps millions of students find success in the 

academic world. 
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CHAPTER 3 
 
 

METHOD 
 

Subjects 
 
     Subjects for this study were third-grade students at Anna Elementary School in 

Anna, Texas.  All students were between the ages of eight and ten years old.  The study 

included the 22 boys and 42 girls enrolled in third grade classrooms in Anna 

Independent School District.  According to the PEIMS report which surveys student 

membership, 10 students are of Hispanic origin and 54 students are of white origin.  No 

students were excluded from involvement in the study.  However, students in Special 

Education classrooms were excluded from data analysis due to the fact that the 

instructor did not record grades for this group of students on a weekly basis.  All 

subjects participated in this research as part of Language Arts classroom activities.   

     The exclusion of students in Special Education classrooms poses a threat to external 

validity.  The interaction of selection and treatment outlined by Cook and Campbell 

(1979), suggests that the treatment must be applied to all selections to generalize 

beyond the persons, time and setting of the original study.  However, based on an 

analysis of scores recorded for this group of students, achievement gain trends appear 

to be higher for these learners.  The analysis is not published due to the exclusion of 

various tests from the data set. 
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Task 

     The learning task used to determine literacy achievement in this research is the 

development of spelling skills.  Spelling skills were selected for two reasons:  (1) 

spelling is a fundamental component of reading and writing instruction;  (2) spelling 

words can be evaluated to determine cognitive processing components.  Literacy is an 

all-inclusive term that incorporates the content areas of reading and written expression.  

Each area is complex due to the vast number of concepts and skills involved in mastery 

of integrated literacy goals.  Spelling is a literacy skill that is fundamental to both subject 

areas.  Also, spelling is based on single words that can be analyzed to determine 

sensory cognitive category and information processing stage.  For example, a word 

such as ‘cat’ or ‘mop’ can be phonetically decoded using phonics strategies and falls in 

the auditory category of sensory cognitive perception.  A word such as ‘laugh’ or ‘eight’ 

must be decoded using visual identification skills and is grouped in the visual sensory 

cognitive modality.  Determining the meaning and associated sound symbol 

representation of the words ‘hair’ and ‘hare’ is an example of relational context 

processing and belongs in the somatic sensory category of sensory processing.  Words 

that have multiple syllables and affixes can also be categorized into information 

processing stages.  The ability to categorize single words permits the evaluation of 

student achievement in a specific sensory cognitive category at each stage of 

processing. 

      Words that require sight word identification are prevalent in third grade spelling 

curriculum.  At this grade level, students are learning to add affixes to words.  The base 

word of this type of word, as well as the syllable (affix) that is added to the base word 
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are typically identified using visual processing skills.  Therefore, spelling this type of text 

requires processing in the visual sensory cognitive regions of the brain.  For this project, 

the visual sensory modality was selected as the focus of research.   

 

Independent Variables: 

     Two independent variables used in this research are presented in Table 10:  (1)  

instructional methodology;  (2) and delivery mechanisms. 

 Instructional Methodology Delivery Mechanism 

Cognitive Processing Methodologies Portable Technology 

Traditional Memorization Strategies Conventional Learning Tools 

 
 
 
 
 
 

Table 10 
 

Instructional Methodology 

     Cognitive processing methodologies were utilized to promote learning utilizing 

sensory stimuli and information processing tasks.  Visual processing instruction was 

presented to participants via a software program for one treatment group and through 

classroom activities for another treatment group.  Due to the complex nature of literacy 

learning and to provide a means of analyzing the effects of specific interventions, the 

instructional methodology utilized in this study provided practice for visual processing 

skills only. 

     Spell-N-Play is an instructional program delivered via Dana portable keyboards.  The 

intelligent software program, was designed specifically for this study to provide multi-

sensory practice in developing a memory for visual symbols and words.  These 

activities were designed to increase stimulation of neural synaptic circuits that enhance  
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the acquisition of visual symbols tasks automated through information processing 

stages.  The software program as it relates to sensory processing modalities and 

information processing stages is presented in Table 11.  An example of skills for each 

sensory processing modality is shown. 

 

 Auditory  
Objective:  
One-to-one 
correspondence 
between sounds 
and objects.   

Visual  
Objective:  One-to-
one correspondence 
between sounds and 
symbols. 
 

Somatic Sensory  
Objective:  One -to-
one correspondence 
between 
sounds/symbol 
representation and 
spatial orientation. 

Primary 
Cortex 
 

Skill:  
* Distinguish 
between sounds 
in a syllable 
*Recognize 
repeated  
sounds. 
  

Skill: 
* Match symbols to 
symbol placement. 
 
 
 
 

Skill: 
*Match typed letter to 
spoken sound and text 
symbol. 
 
 

Secondary 
Cortex 
 

Skills: 
* Apply identity 
and number of 
sounds to 
complete 
sequences.  
 
 

Skill:  
* Apply the ability to 
recognize and 
determine ordinal 
position of symbols to 
complete specified 
sequences. 

Skill:  
* Apply the ability to 
match typed letter to 
spoken sound and text 
symbol to create word 
with meaning. 

Tertiary 
Cortex 

Skill:   
* Analyze sound 
patterns and 
synthesize new 
sequences of 
sounds. 
 

Skill:   
*Analyze symbol 
patterns and 
synthesize new 
sequences of 
symbols. 
 
 

Skill:   
* Analyze symbol 
patterns and sounds 
to determine word and 
meaning. 
 

 
Table 11 

 

 55 
 
 



 

     One educator was trained in sensory cognitive methodologies for presentation of 

spelling objectives.  Visualization techniques were used to present, sequence, and link 

symbols to words.  Daily practice provided the means of developing visual memory of 

sight words.  The activities for imaging symbols to promote word identification were 

designed utilizing Seeing Stars® techniques developed by Nanci Bell (Bell, 1997), an 

expert in the field of cognitive reading theory. 

     Traditional memorization strategies were the alternate instructional methodology 

employed during spelling lessons in two classrooms.  These tasks were based on the 

recall of letters in sequential order to build words.  Techniques included writing words 

multiple times and sentence completion activities. 

Delivery Mechanisms 

     The two delivery mechanisms used to convey instructional methodologies included 

portable technology and conventional learning tools.  The AlphaSmart Dana©, a 

portable computer with word processing and Palm OS® software capabilities, was 

utilized to present Spell-N-Play software.  This technology tool that resembles a 

keyboard with a small screen enabled the student to take a spelling test and print the 

graded assessment.  It further established the student's level of proficiency and 

assigned practice appropriate to the sensory cognitive processing abilities of the 

student, allowing the teacher to identify areas of weakness, monitor progress and score 

tests electronically.  The capabilities of the computer enabled symbols to be presented 

using multi-sensory stimuli in automated sequences of practice. 

     Traditional spelling programs include tasks that focus on writing words repeatedly 

and supplying missing words in sentences.  The Spell-N-Play program utilizes “brain-
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based” strategies that categorize words by sensory processing category (auditory, 

visual and somatic sensory) and assign practice to promote associated information 

processing skills.  

     Word lists are stored in the program's knowledge base.  A designated list of words is 

dictated to the student and the student types each word as it is dictated.  The intelligent 

software program identifies words spelled incorrectly, scores the test, and assigns 

practice.  Practice activities are designed, patterned, and sequenced to promote the 

appropriate category of sensory cognitive processing.  Automated practice leads the 

learner to identify, sequence and link symbols to words.  Tasks presented in hierarchical 

information processing sequences provide practice to stimulate the development of 

neural circuits that enable visual recall of sight words.  The intelligent software program 

enables the student to take the test an unlimited number of times and assigns 

appropriate activities to promote information processing skills after each assessment.   

    The Spell-N-Play software program was designed by the author for this project and 

programmed by the HiCE team at the University of Michigan under the supervision of 

Dr. Cathie Norris and Elliot Soloway.  The automation of tasks enabled through use of 

technology is illustrated in Table 12.  Only visual cognitive processing activities are 

shown. 
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 Visual  
Objective:  One-to-one correspondence between sounds and 
symbols. 
 

Primary  
Cortex- 
 

Activity:  Present symbols to match spoken sounds in one 
syllable word (use only sounds that have been presented 
previously).  Remove symbols leaving only place holders for 
symbols.  User supplies symbols in sequence. 
Evaluation: One-to-one correspondence between sounds and 
symbols. 
 

Secondary 
Cortex- 
 

 Activity:  All symbols are presented in a one syllable word.   
One symbol is removed at a time in random sequence and the 
user supplies missing symbol.  Repeat until all symbols have 
been removed and replaced. 
Evaluation: One-to-one correspondence between sounds and 
symbols. 
 

Tertiary  
Cortex 

Activities: 1. All place holders are presented. As a place holder 
is specified in random sequence, the user supplies missing 
symbol.  The symbol is removed and the activity is repeated until 
all place holders have been specified.  2. All place holders are 
presented.  As a place holder is specified in random sequence, 
the user supplies the missing symbol.  The symbols is not 
removed and the activity is repeated until all symbols are in 
place. 
Evaluation: One-to-one correspondence between sounds and 
symbols. 
 

Table 12 
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Table 13 is a screen shot of the Spell-N-Play program. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 13 

     The second form of delivery mechanism was a portable Dana computer with only 

word processing, testing and printing capabilities.  Since this program did not include 

multi-sensory processing practice, this use of a technology tool characterizes the 

motivational aspects of technology integration.   

     Conventional learning tools were used as an alternate type of instructional 

presentation in two classrooms.  These tools such as pencil, paper, markers, marker 
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boards, chalk, and chalkboards were used to teach spelling in the classroom.  Tests 

were administered using pen and paper. 

 
Dependent Variables 

     Each week students were introduced to twelve spelling words.  On Friday, all words 

were presented to the students in the form of a dictated spelling list.  Tests were scored 

on a 100% mastery level grading scale.  Thirty-three spelling test grades were recorded 

for each participant.  At the end of each six weeks a review test was administered and 

was included in test data.  The first twenty-one test scores were obtained before 

treatment was introduced.  These scores represent pretest scores.  Posttest scores, 

tests 22-33, include all assessments recorded after the intervention was introduced.  

Classroom teachers assigned grades to spelling tests and recorded scores in an 

electronic grade book. 

 
Experimental Design 

 
     A nonequivalent control-group design was used in this study to determine the effects 

of technology tools and cognitive processing methodologies on literacy learning.  This 

quasi-experimental design was modified to include an interrupted time-series design to 

introduce treatments within a series of observations.  The modified design enables the 

researcher to make a series of tests on a group of subjects to establish the behavior of 

a group over time.  With multiple observations, causality can be inferred if the change is 

consistent and measurable (Dawson, 1997).   
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In notation form, the design can be depicted as: 

Non Random Group Pre 
Observations Treatment Post 

Observations 
X1 O1 - O21 Portable Technology &         

Cognitive Processing   
O22 - O33

X2 O1 - O21 Portable Technology  O22 - O33

X3 O1 - O21 Cognitive Processing 
Methodology 

O22 - O33

X4 O1 - O21 Comparison Group O22 - O33

 
where: 
O1 - O21 = the spelling test measure before the treatment 
O22 - O33 = the spelling test measure after the treatment 
 
     Weekly observations were used to establish an existing trend of spelling scores and 

determine changes to the trend over time.  Experimental groups in this study were 

introduced to twelve spelling words each week for the first 22 weeks of the school year.  

A weekly test score was recorded.  On the 22nd week of school, a treatment was 

introduced to alter spelling curriculum in three classrooms that represented the 

treatment groups.  The comparison group received established spelling methodology 

presented through conventional classroom tools for all 33 weeks of the project period.  

Weekly scores were recorded for all groups. 

       General Linear Model Regression Analysis was used to learn about the relationship 

between several independent variables and a dependent variable.  Due to the 

uniqueness of this study in determining achievement based on cognitive function, the .1 

probability ratio was selected in lieu of the .05 standard.   

     Time series design is generally strong in internal validity due to its use of a pretest, 

posttest and control group.  In non-equivalent control group design, the major threat to 
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internal validity is the fact that the groups are not randomly assigned.  The possibility 

exists that group differences on the posttest are due to pre-existing group differences 

rather than due to the treatment effect (Gall, Borg & Gall, 1996).  In this study, there 

were a total of four groups, three experimental groups and one control group. 

Participants in the four groups consisted of students in the four existing third grade 

classrooms.  The mean score for each group on the pretest spelling tests were similar.  

The mean of the control group was 92.75% (N = 14), the mean of X1was 91.43% (N = 

14), the mean for X2 was 92.05% (N = 12), and the mean for X3 was 90.60% (N=12).  

Since the averages are approximately equal for each group, a degree of similarity 

between the experimental and the control groups is indicated.  Therefore, the possibility 

of extraneous variables affecting internal validity is lessened. 

 

Procedures 

     To determine the effects of two variables, portable technology use and cognitive 

processing instructional strategies on spelling achievement, research was conducted 

during 33 weeks of a 36-week school year.  Four groups of students were studied:  All 

participants were exposed to traditional spelling curriculum during the first 22 weeks of 

school.  At week 23, a treatment was introduced to three of the four groups of students.       

     Group 1:  Students in one third-grade classroom used the AlphaSmart Dana during 

Language Arts classes.  Each Dana in this classroom was equipped with an intelligent 

software program, Spell-N- Play, to increase cognitive processing abilities in the area of 

spelling achievement.  This portable technology tool was used by each child to access 

the Spell-N-Play program at his/her desk.  On Monday of each week, all students took a 
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spelling pre-test utilizing the Spell-N-Play program.  The program scored the test and 

stored the words missed in a database.  The student was given class time to practice 

the missed words utilizing the 'Practice’ option of the program.  The program enabled 

students to take the test an unlimited number of times and assigned appropriate 

practice after each assessment.  The AlphaSmart Dana also allowed the students to 

print the test by pointing the portable computer at the printer utilizing infrared 

capabilities. 

     Group 2:  Students in another third-grade classroom used the AlphaSmart Dana 

during Language Arts classes.  The Danas were equipped with a limited version of the 

Spell-N-Play program. The software version only offered testing capabilities and 

students could not access ‘Practice’ activities.  Educators continued to use traditional 

memorization strategies to promote the acquisition of spelling skills.  On Monday of 

each week, students took a spelling pre-test utilizing the Spell-N-Play program.  During 

the week, the students used conventional spelling practice activities during class.  On 

Friday, the students took a spelling test using the Spell-N-Play program.  Students were 

able to use the infrared capabilities of the portable Dana to print the test. 

     Group 3:  Students in Group 3 used conventional classroom tools such as pen and 

paper to take the pre-test each week.  During the week, the classroom teacher 

presented spelling practice utilizing cognitive processing activities.  These activities 

were comparable to the visualization techniques presented n the 'Practice' activities of 

the Spell-N-Play program.  The students were required to take a spelling test on Friday 

using pen and paper. 
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     Group 4:  Students in Group 4 used conventional classroom tools to take a spelling 

pre-test on Monday each week.  They students were presented with traditional spelling 

activities as practice during classroom instruction during the week.  Each Friday, 

students took an assessment over spelling words with pen and paper. 
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CHAPTER 4 
 
 

RESULTS 
 

     Dependent variables, in the form of spelling test scores, were obtained in multiple 

instances over a thirty-three week period.  Test scores were derived as "percentage 

correct" on a 100-point scale.  Spelling tests in this study were categorized by skill area 

addressed including word identification skills (visual processing), phonetic strategies 

(auditory processing), or contextual analysis (somatic sensory processing).  The first 21 

observations, obtained before treatment was introduced, represent pretest scores.  

Posttest scores include observations 22-33.  Spelling lists and corresponding sensory 

cognitive categories are presented in Appendix B.   

     To determine differences attributed to treatments, thirty-three observations for each 

participant were analyzed using regression analysis.  Statistical differences for three 

effect factors were recorded in each analysis:  change across time, change across time 

within groups, and change between groups.  Group score descriptive statistics including 

number of participants, pretest and posttest means, and deviation of means are 

presented in Appendix C.  Dependent variable raw data are presented in Appendix D. 

     The research question stated:  Can technology programs designed to activate 

sensory modalities and promote cognitive processing skills positively effect the 

achievement of third-grade students regarding spelling achievement?  Stated in other 

terms, can independent variables such as delivery mechanisms, instructional 
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methodologies, or a combination of treatments promote literacy learning?  One specific 

processing area, visual processing, was introduced as the cognitive processing 

methodology intervention in this study.  A computer program was developed to present 

visual processing practice to students via technology and one teacher was trained in 

visual processing activities for classroom presentation.  Each hypothesis dealt with 

analyzing the effect of the visual processing treatment on the development of specific 

literacy skills (auditory, visual or somatic sensory) and the effect of delivery mechanisms 

on skill development.  Due to the fact that only three tests were classified as contextual 

analysis tests which rely on somatic sensory abilities, and all three tests were 

administered during the pretest observations stage of the project, somatic sensory 

abilities were not addressed as a hypothesis to research.  However, the somatic 

sensory tests were included in the first hypothesis since this analysis includes tests of 

all sensory processing categories.  The level of significance for this research project 

was set at p <.1 levels since measuring achievement scores in relation to neural 

function is a new area of analysis and research standards have not been established for 

this type of study. 

     To delineate the affect of the treatments to the full range of spelling skills, the first 

hypothesis related to the impact of the three treatments on all thirty-three observations.  

Hypothesis 1 stated:  There will be no significant difference in the spelling achievement 

scores of students presented with cognitive processing methodologies via portable 

technologies, students presented with conventional methodologies via portable 

technologies, students presented with cognitive processing methodologies via 

conventional learning tools, and the control group. 
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     Inspection of the data in Table 14 from a general linear model regression analysis 

indicates significant statistical differences when all test scores were compared. 

Summary for the General Linear Model Regression - All Tests 
 
Source SS Df MS F Ratio Prob 
Time 12701.23 32 396.91 4.56 .000* 
Time*Group 25917.67 96 269.98 3.102 .000* 
Group 4016.47 3 1338.82 .839      .479 
* Significant at the p < .1 level. 

Table 14 
 
     The within subjects effect indicated a statistically significant difference, F = 4.56, p < 

.001.  Analysis of variance also showed a statistical significant difference in the within 

subject effect of time across groups, F = 3.102, p < .001.  There was no significant 

difference in the scores between treatment groups, F = .839, p = .479. 

     The dependent variables in this study are restricted in range since the spelling tests 

represent mastery of a fixed set of words on a 100-point scale.  To correct this ceiling 

effect, the mean of individual pretest scores was calculated.  Individuals scoring 98 or 

above on the pretest observations were deleted from the field of data.   

Summary for the General Linear Model Regression -All Tests/ Restriction of Range 
Removed 
 
Source SS Df MS F Ratio Prob 
Time 13701.64 32 428.18 4.162 .000* 
Time*Group 29537.72 96 307.69 2.991 .000* 
Group 1752.99 3 584.33 .381      .767 
* Significant at the p < .1 level. 

Table 15 
 
     The analysis of variance depicted in Table 15 shows the same result as Table 14.  

Both analyses indicate there was a significant change in spelling scores when multiple 

observations of all test scores were compared.  The results also indicate that spelling 
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scores for all treatment and control groups of learners did significantly change across 

time.  However, there is no significant statistical difference between group scores.  It 

can be asserted that the dependent variable (spelling scores) did change across time 

and that the change was significant for all groups; however, no group's change was 

statistically divergent indicating the independent variables did not have an effect on 

dependent variable change.  Thus, hypothesis 1 is accepted. 

     The second hypothesis dealt with the effect of the three independent variables on 

the development of spelling skills in the area of visual processing.  Twelve spelling tests 

consisting of words encoded using word identification skills were analyzed.  Hypothesis 

2 stated:  There will be no significant difference in the “word identification skills” spelling 

achievement scores of students presented with methodologies designed to promote 

visual cognitive processing via portable technologies, students presented with 

conventional methodologies via portable technologies, students presented with visual 

cognitive processing methodologies via conventional learning tools and the control 

group.  This hypothesis was tested using only data from a subgroup of 12 tests.   

Summary for the General Linear Model Regression - Word Identification Tests 
 
Source SS Df MS F Ratio Prob 
Time 4461.22 11 405.57 4.724 .000* 
Time*Group 10786.37 33 326.86 3.807 .000* 
Group 2070.01 3 690.00 1.112 .354* 
* Significant at the p < .1 level. 

Table 16 
 
     Data from the analysis of variance reveals that there was a significant difference 

statistically in the within groups effect of time, F = 4.724, p < .001.  There was also a 

statistically significant difference in time across groups factors, F = 3.807, p < .001.  
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However, there was no significant difference across independent variables, F = 1.112, p 

= .354. 

     An analysis of variance was performed to remove the restriction of range in 

dependent variables.  All students scoring 98 or above on six word identification 

pretests were removed from the data field. 

Summary for the GLM Regression - Word Identification Tests/ Restriction of Range 
Removed 
 
Source SS Df MS F Ratio Prob 
Time 3131.997 11 284.727 3.832 .000* 
Time*Group 8163.656 33 247.384 3.329 .000* 
Group 2642/139 3 880.713 2.190 .098* 
* Significant at the p < .1 level. 

Table 17 
 

    There was a significant difference shown by this analysis of variance on all effects at 

the .1 level.  A significant difference was indicated in time effect factor, F = 3.832, p < 

.001.  Also, the data shows a statistically significant difference in the time across groups 

factor F = 3.329, p < .001.  The between groups effect also indicates a statistically 

significant difference F = 2.190, p < .098.  

     A closer examination of descriptive statistics for the independent variables reveals 

the effects of treatment on group achievement. 

Summary of Descriptive Statistics for Independent Variables- Word Identification Tests 
  

Treatment Group N Pretest 
Mean 

Posttest 
Mean 

Mean 
Difference 

Technology & Cognitive Processing 13 85.82 96.09  +10.27 
Technology Only 11 87.82 88.21 +0.39 
Cognitive Processing Only 7 87.09 87.40 +0.31 
Control Group 9 92.22 92.46 +0.24 

 
Table 18 
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     Each independent variable changed over time across groups as evidenced by the 

pretest and posttest means.  The mean scores of the 'technology and cognitive 

processing' treatment group were 85.82 (pretest) and 96.09(posttest).  For the 

'technology only' independent variable, the mean scores were 87.82 (pretest) and 

88.21(posttest).  The 'cognitive processing only' group mean scores were 87.09 

(pretest) and 87.40 (posttest).  'Control group' mean scores were 92.22 (pretest) and 

92.46 (posttest).   

     An investigation of the difference in pretest and posttest means reveals each group's 

mastery of visual spelling skills.  Pretest scores represent the mean score of each 

group's mastery of visual spelling skills before the intervention.  The posttest scores 

show the mean of each group's mastery of the skills after the treatment was introduced.  

It is evident that three treatment groups changed in a positive direction and the 

'technology and cognitive processing' treatment group exhibited the most change in 

mean scores. 

     Partial support was found for Hypothesis 2.  Initial analysis showed that only two 

effect factors were statistically significant, the change of scores over time and the 

change of scores over time within groups.  There was no statistically significant 

evidence that treatment groups scores varied.  However, when participant spelling 

scores with a pretest average of 98 or above were removed from the data set, statistical 

significance was found in the within group factors of time and time across groups.  A 

statistically significant difference was also found in the between group differences.  

Analysis of descriptive statistics revealed that the 'technology and cognitive processing' 

treatment group was responsible for the variance.  
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     Hypothesis 3 dealt with the effect of the independent variables on auditory spelling 

test scores.  Hypothesis 3 states:  There will no significant difference in the “phonetic 

strategy” spelling achievement scores of students presented with methodologies 

designed to promote visual cognitive processing via portable technologies, students 

presented with conventional methodologies via portable technologies, students 

presented with visual cognitive processing methodologies via conventional learning 

tools and the control group.  This hypothesis was tested using only data from a 

subgroup of 10 auditory tests.  The tests were selected because they consist of words 

encoded utilizing phonetic spelling skills. 

Summary for the General Linear Model Regression - Phonetic Strategy Tests 
 
Source SS Df MS F Ratio Prob 
Time 2197.77 9 244.19 4.080 .000* 
Time*Group 7635.61 27 282.80 4.725 .000* 
Group 693.055 3 231.02 .671      .574 
* Significant at the p < .1 level. 

Table 19 
 

     Regression analysis was performed on the 10 auditory spelling tests to test 

differences in scores across time, diversity in scores across time within groups and 

variance between group scores.  A significant difference was found in scores across 

time F = 4.080, p < .001.  A significant difference was evident within groups across time 

F = 4.725, p < .001.  This means that auditory test scores did change across multiple 

observations and that the change was also significant within treatment groups.  There 

was no statistically significant difference between groups when tests of phonetic spelling 

scores were analyzed F = .671, p < .574.   
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     To reduce the ceiling effect resulting from the mastery test used to calculate 

dependent variable scores, participant records with a mean score of 98 or above on 

pretest observations were removed from the data set. 

Summary for the GLM Regression - Phonetic Strategy Tests/ Restriction of Range 
Removed 
 
Source SS Df MS F Ratio Prob 
Time 1943.23 9 215.92 2.704 .000* 
Time*Group 8830.31 27 327.05 4.096 .000* 
Group 85.65 3 28.55 .095      .962 
* Significant at the p < .1 level. 

Table 20 
 

     Although significant differences were found in scores F = 2.704, p < .001and within 

groups F = 4.096, p < .001across auditory test administrations, differences were not 

evident between treatment groups F = .095, p < .962.  The third hypothesis is accepted.     
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CHAPTER 5 

 
 

DISCUSSION AND CONCLUSIONS 
 

Discussion 
 

     The purpose of this study was to examine the impact of computer assisted 

instruction on the development of literacy skills.  The effect of instructional 

methodologies designed to stimulate sensory processing (auditory, visual, and somatic 

sensory) through information processing activities was analyzed.  A software program 

was designed to present instruction to stimulate learning in one sensory modality, visual 

processing.  Also, the effect of delivery mechanisms on the acquisition of literacy skills 

was investigated.  Three treatment groups and a control group were established to 

analyze differences:  cognitive processing methodologies presented via computer 

technology, conventional methodologies presented via computer technology, cognitive 

processing methodologies presented through traditional classroom tools, and a control 

group.  A portable keyboard computer with word processing capabilities was selected to 

deliver technology-enhanced instruction.  

Instructional Methodology 

    The effect of methodologies designed to promote processing of the sensory cognitive 

factors in spelling achievement were measured in this study.  Activities designed to 

stimulate visual processing were identified and presented within specific treatment 

groups.  The activities were presented via technology and through teacher presentation.  
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Spelling tests were placed into sensory cognitive categories and scores were recorded 

to assess achievement.  Three analyses of variance were performed. 

     In the first analysis it was found that visual processing skills do not have an effect on 

spelling scores when an analysis was performed on all test administrations.  Tests 

analyzed required encoding skills in all sensory cognitive modalities including phonetic 

strategies (auditory processing), sight word memorization (visual processing), and 

contextual analysis (somatic sensory processing).  Regression analysis showed spelling 

scores did change as multiple observations were analyzed and the change was evident 

within groups.  There was no variance between group scores.  Additionally, when 

descriptive statistics of pretest and posttests were examined, spelling scores means 

remained constant.  These findings suggest a variance in scores between observations, 

but no change in individual achievement.  The conclusions were validated when 

students with averages of 98 and above on pretest measures were removed.  Because 

the analysis did not reveal score variance, it can be determined that the introduction of 

visual methodologies did not influence student literacy achievement when all tests were 

considered.   

    The second analysis of variance revealed visual instruction does impact literacy 

achievement on student mastery of words that are encoded using word identification 

techniques (visual processing).  When all students were included in the analysis, the 

results revealed individual achievement varied during the twelve observations and that 

the variance was evident within each treatment group.  Additionally, there was no 

evidence that the change could not be attributed to treatment.  These findings matched 

the results of the first analysis, which included all test scores.  However, when students 
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with high averages on the pretest were removed from the data set, the differences in 

group achievement became evident.  Students in the group that received visual 

processing methodologies via portable computers had significantly higher scores than 

other participants.  These results indicate that sensory cognitive stimulation of visual 

processes  does impact literacy achievement for words encoded using visual perception 

skills. 

     In the final analysis, the effect of visual instruction on student mastery of words that 

are encoded using phonetic strategies (auditory processing) was analyzed.  Ten tests 

comprised of words with auditory basis were included in the analysis.  Again student 

scores varied within each group between test administrations over the observation 

period but no achievement differences were noted between groups.  Results remained 

insignificant when high scoring students were removed to reduce the restriction of range 

of the dependent variable.  These findings suggest visual processing methodologies do 

not increase literacy achievement in skills requiring auditory processing abilities. 

     Results from this study support the assertion of three neuro-psychologists, Phyllis 

Lindamood, Nancy Bell and Pat Lindamood (1997), that the processing of sensory 

information received in the brain determines the learner's ability to acquire new 

concepts and learn.  The findings further suggest that activities designed to specifically 

promote processing in one sensory modality, does not promote acquisition of skills in 

other regions.  Since there was no change in scores when visual methodologies were 

applied to other sensory cognitive processing goals, it can be concluded methodologies 

increase achievement only if activities are designed to stimulate the sensory cognitive 

modality that the skill requires.  When spelling tests that utilized all sensory modalities 
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were analyzed, visual processing instruction had no effect on achievement.  This result 

was duplicated when tests requiring auditory processing skills were examined.  

However, when visual processing skills were applied to words requiring sight word 

memorization techniques, the methodologies improved achievement scores. 

 Delivery Mechanisms 

     In 2002, Torgerson and Elbourne (2002) completed a systematic review of research 

studies that address the influence of instructional technology integration in the teaching 

and learning of spelling.  The results of the meta-analysis suggest a small benefit of 

computer teaching of spelling over conventional methods, which was not statistically 

significant at the 5% level.  The researchers determined that studies are misleading 

since most do not use sound research methods and fail to match technology tools with 

curriculum goals.   

     The results of this study support the findings of Torgerson and Elbourne.  The only 

analysis of variance reporting an improvement in spelling scores was the combination of 

visual cognitive processing activities delivered via computer technology.  The sensory 

cognitive activities in the analysis resulting in improved learner scores were 

implemented to meet learning goals that required visual processing abilities.   

     It should be noted that visual cognitive processing activities delivered via computer 

technology were ineffective when the learning goal did not match software program 

activities.  Also, conventional methods of learning spelling skills delivered via technology 

did not increase student achievement.  This indicates that technology delivery is 

effective only when the software program meets specific learning needs. 
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     Concerning the treatment groups that did not receive technology tools, it was found 

that cognitive processing activities presented by the educator had no effect on spelling 

skills.  Also, the treatment group that received conventional spelling methodologies 

presented by the teacher, student averages remained constant throughout the thirty 

three week instructional period.  These results suggest the computer is unique in its 

multi-sensory components that can be designed to provide sensory input to stimulate 

brain fields and programmed instruction to lead the learner through sequenced activities 

to promote achievement. 

 

Implications 

     The results of this study emphasize the need to apply new understandings of neural 

structure, function and behavior to instructional design: 

 Sensory cognitive processes that underlie content area skills must be 

determined.New studies involving brain plasticity suggest that neural circuits can be 

created and connected during all stages of life.  To create new circuitry, the sensory 

cognitive processes that underlie content area skills must be determined. There is a 

need to utilize the Integrated Processes framework in conducting further research to 

determine how the brain interacts with sensory stimulus to improve learning in 

specialized subject areas.  If studies identify the sensory cognitive processing and 

information processing systems essential for the mastery of specific learning tasks and 

relate them to instructional activities that promote the specific task, new methodologies 

that promote cognitive processing for that instructional goal can be constructed.   
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 Technology must be developed to promote information processing.As emerging 

instructional systems require complex knowledge representations, assessment 

components, and task sequencing capabilities, intelligent computer-based learning 

environments will need to be developed.  Attempts to create artificial intelligence 

systems that duplicate human intelligence by storing vast amounts of knowledge and 

performing procedures on the knowledge to mimic human behavior have afforded 

minimal achievements over long time periods.  If intelligent programs are to find 

success in promoting cognitive function, it will be necessary to shift the focus from 

designing intelligent systems that imitate human intelligence to systems that advance 

innate abilities.   

     It is possible that technology's capacity to provide multi-sensory stimulation in 

complex automated sequences will permit students to develop learning abilities and 

overcome learning differences.  New computer-based learning environments designed 

to stimulate neural fields and facilitate complex learning processes may enable millions 

of students to find success in reading, the academic world, and in life.  There appears to 

be a need for further research in this field. 

 Research in the field of motor skill performance should be extended to cognition. 

Currently, studies from all scientific communities are reporting findings verifying the 

capacity of the brain to develop new cognitive function due to the stimulation of existing 

neurons and the subsequent formation of neural circuitry.  In an article about his 

research project that combines sensory stimulation and drug intervention to promote 

motor abilities, Hubert Dinse (2003), professor of theoretical biology at Ruhr University 

in Germany stated, "We are at the beginning of an era where we can interact with the 
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brain."  The field of education must embrace these new opportunities to link instruction 

with scientific intervention if our goal is to help each child learn.   

 Theory of processes involved in cognition and learning can be applied to other 

neural systems. 

It is probable that all neural processing systems use the framework outlined in the 

Integrated Processing Model.  Schizophrenia is a limbic system disorder that is 

classically defined by positive and negative symptoms.  If the Integrated Processes 

framework is used to categorize symptoms by sensory cognitive category, it may be 

possible to determine the source of the disorder and use chemicals to inhibit stimulation 

in those areas of processing.  If behaviors are tracked by information processing stages, 

it may be possible to identify or create therapeutic tasks that discourage negative 

feedback and develop positive responses. 

 New methods of statistical analysis must be developed and utilized to measure 

increases in neural processing that effect achievement. 

As studies are conducted that relate neural stimulation to observable learning outcomes 

and technology tools to increase achievement are constructed, statistical methods for 

measuring increases in academic achievement must also be perfected.  Statistical 

techniques that might provide more insight into learner achievement in this study 

include multilevel repeated measures, latent variable growth curve modeling, and 

regression discontinuity.  It will be important to document change in levels of skill 

acquisition as new methodologies and technology tools are introduced into the learning 

environment. 
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APPENDIX A 
 

Pilot Study Results 
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TEA ACADEMICS 2000 REPORT 
 

First Grade Results 
 
First Grade 
Word Attack   

    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 Post Mastery 
Post 

Nonmastery  

Premastery 
1 523 524 

Pre 
Nonmastery 

0 69 69 

 1 592 593 

    

z=8.25    

p level .001    

 
 
First Grade 
Word Identification    
 

 Post Mastery 
Post 

Nonmastery  

Premastery 
0 513 513 

Pre 
Nonmastery 

2 77 79 

 2 590 592 

    

z=8.77    

p level .001    
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First Grade 
Word Comprehension 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 Post Mastery 
Post 

Nonmastery  

Premastery 
2 381 383 

Pre 
Nonmastery 

7 140 147 

 9 521 530 

    

z=11.75    

p level .001    
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Second Grade Results 
 
Second Grade 
Word Attack 
 

 Post Mastery 
Post 

Nonmastery  

Premastery 
0 466 466 

Pre 
Nonmastery 

9 115 124 

 9 581 590 

    

z=10.72    

p level .001    
 
 
Second Grade 
Word Identification 
 

 Post Mastery 
Post 

Nonmastery  

Premastery 
0 470 470 

Pre 
Nonmastery 

4 115 119 

 4 585 589 

    

z= 10.72    

p level .001    
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Second Grade 
Word Comprehension 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 Post Mastery 
Post 

Nonmastery  

Premastery 
0 352 352 

Pre 
Nonmastery 

13 139 152 

 13 491 504 

    

z= 11.79    

p level .001    
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Third Grade Results 
 
Third Grade 
Word Attack 
 

 Post Mastery 
Post 

Nonmastery  

Premastery 
0 352 352 

Pre 
Nonmastery 

13 139 152 

 13 491 504 

    

z= 11.79    

p level .001    
 
 
Third Grade 
Word Identification 
 

 Post Mastery 
Post 

Nonmastery  

Premastery 
1 246 247 

Pre 
Nonmastery 

40 71 111 

 41 317 358 

    

z= 8.37    

p level .001    
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Third Grade 
Word Comprehension 
 

 Post Mastery 
Post 

Nonmastery  

Premastery 
0 294 294 

Pre 
Nonmastery 

16 56 72 

 16 350 366 

    

z= 7.48    

p level .001    
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APPENDIX B 
 

Spelling Lists 
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SPELLING LISTS 
 

List Unit 1  Unit 2 Unit 3 Unit 4 Unit 5 Unit 6 Unit 7 

Processing 
Category 

Auditory Auditory Auditory Visual Aud/Vis Aud/Vis Aud/Vis

 mix pond smoke paint coach  spring 
 milk luck huge clay blow  throw 
 smell drop save feel float Review  strong 
 last lot life leave hold  three 
 head rub wide neighbor sew  straight
 friend does come eight though  scream
 class drum mine seem sold  stream
 left sock grade speak soap  spray 
 thick hunt smile paid row  screen
 send crop note lay own  street 
 thin shut cube need both  spread
 stick front love weigh most  string 
        

        

        
List  Unit 8 Unit 9 Unit 10 Unit 11 Unit 12 Unit 13 Unit 14 

Processing 
Category 

 Visual Visual Aud/Vis Aud/Vis Aud/Vis Auditory Aud/Vis

  wild clown lawn knee  storm girl 
  bright crowd raw scratch  clear turn 
  die round cloth patch Review dark first 
  sight sound talk wrap  star her 
  child bow straw knot  fourth were 
  pie would almost wrong  door work 
  fight loud soft watch  smart hurt 
  lie ground also knife  art bird 
  tight crown wall write  near word 
  tie count lawn knock  north third 
  might cloud walk match  ear dirt 
  mind mouth cost know  March serve 
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List Unit 15 Unit 16 Unit 17 Unit 18 Unit 19 Unit 20 Unit 21 

Processing 
Category 

Auditory Auditory Visual Aud/Vis Context Context Context 

 coin jump park  hair hare airplane 
 soil stage queen  care hear inside 
 noise gym skin Review  chair here grandmother
 boy large picnic  pair new sometimes 
 oil jeans quick  bear knew himself 
 toy judge school  where its nothing 
 spoil page quart  scare it's birthday 
 point jar week  air our herself 
 boil age quit  pear hour outside 
 join June squeeze  bare there grandfather 
 joy orange second  fair their baseball 
 foil giraffe crack  share they're something 
        

        

        
List Unit 22 Unit 23 Unit 24 Unit 25 Unit 26 Unit 27 Unit 28 

Processing 
Category 

Auditory Auditory Aud/Vis Visual Auditory Visual Visual 

 chopped babies  undo teacher invite rabbit 
 tapping puppies  unfair friendly Monday sudden 
 saving cried Review unhappy useful enjoy follow 
 cared carried  rewrite careful until happen 
 rubbed stories  remake slowly forget butter 
 fixing dried  untie helper napkin lesson 
 smiled hurried  unlike quickly window dollar 
 joking ponies  unclear farmer Sunday button 
 dropped flies  unhurt hopeful garden pretty 
 grinning tried  retell singer market hello 
 wrapped parties  unwrap thankful basket letter 
 patted pennies  reuse sadly order yellow 
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List Unit 29 Unit 30 Unit 31 Unit 32 Unit 33 

Processing 
Category 

Auditory Aud/Vis Visual Visual Visual 

 place  tooth caught summer 
 city  chew thought winter 
 center Review Unit grew bought little 
 circle  cook laugh October 
 nice  shoe through travel 
 once  blue enough color 
 dance  boot fought apple 
 circus  flew daughter able 
 face  shook taught November 
 certain  balloon brought ever 
 pencil  drew ought later 
 space  spoon cough purple 
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APPENDIX C 
 

Descriptive Statistics 
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DESCRIPTIVE STATISTICS 
 

All Tests 
 
All participants     

Treatment Group N Pretest Mean Posttest 
Mean 

Mean 
Difference 

Technology & Cognitive 
Processing 

14 92.33 91.43 -0.90 

Technology Only 12 92.05 87.12 -4.93 
Cognitive Processing Only 12 90.60 88.95 -1.64 

Control Group 13 92.75 92.31 -0.44 
     
     
     
Participants scoring below 
98% on pretest 

    

Treatment Group N Pretest Mean Posttest 
Mean 

Mean 
Difference 

Technology & Cognitive 
Processing 

12 91.24 90.65 -0.59 

Technology Only 11 91.43 85.95 -5.48 
Cognitive Processing Only 10 88.92 87.02 -1.90 

Control Group 8 91.94 89.01 -2.93 
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Word Identification Tests 
 
All participants     

Treatment Group N Pretest Mean Posttest 
Mean 

Mean 
Difference 

Technology & Cognitive 
Processing 

14 86.83 96.33 +9.50 

Technology Only 12 88.81 87.67 -1.14 
Cognitive Processing Only 12 92.22 89.94 -2.28 

Control Group 13 94.58 92.29 -2.29 
     
     
     
Participants scoring below 
98% on pretest 

    

Treatment Group N Pretest Mean Posttest 
Mean 

Mean 
Difference 

Technology & Cognitive 
Processing 

13 85.82 96.09 +10.27 

Technology Only 11 87.82 88.21 -0.39 
Cognitive Processing Only 7 87.09 87.40 +0.31 

Control Group 9 92.22 92.46 -0.24 
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Phonetic Strategy Tests 
 
All participants     

Treatment Group N Pretest Mean Posttest 
Mean 

Mean 
Difference 

Technology & Cognitive 
Processing 

14 94.83 89.18 -5.65 

Technology Only 12 95.60 88.10 -7.50 
Cognitive Processing Only 12 89.94 92.06 +2.12 

Control Group 13 94.81 93.10 -1.71 
     
     
     
Participants scoring below 
98% on pretest 

    

Treatment Group N Pretest Mean Posttest 
Mean 

Mean 
Difference 

Technology & Cognitive 
Processing 

8 91.79 85.41 -6.38 

Technology Only 7 93.02 84.11 -8.91 
Cognitive Processing Only 10 88.05 91.15 +3.10 

Control Group 7 91.14 89.68 -1.46 
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RAW DATA 
 

Group Test 1 Test 2 Test 3 Test 4 Test 5 Test 6 Test 7 Test 8 
1 97 92 92 75 93 81 92 84 
1 100 100 100 92 100 100 100 100 
1 100 100 100 92 90 73 92 100 
1 100 100 100 100 97 96 100 100 
1 92 100 97 100 100 100 100 100 
1 100 97 100 92 97 96 100 100 
1 100 100 100 100 73 96 83 92 
1 92 88 97 92 87 77 100 92 
1 100 97 97 100 97 100 100 100 
1 93 100 100 100 100 92 100 100 
1 92 95 97 100 90 100 92 50 
1 83 100 92 75 80 88 67 76 
1 100 100 97 92 97 100 100 100 
1 100 100 97 75 97 97 83 92 
2 100 81 88 100 81 97 81 100 
2 100 94 81 94 88 89 81 84 
2 100 100 100 100 100 100 100 100 
2 100 100 100 90 100 100 88 96 
2 100 88 100 100 100 100 88 94 
2 100 100 100 100 100 100 100 100 
2 100 98 84 90 88 91 81 88 
2 94 73 98 81 81 76 56 94 
2 94 100 94 94 94 94 88 100 
2 100 94 88 94 94 100 81 100 
2 88 100 88 100 100 97 75 100 
2 100 100 94 94 100 97 81 100 
3 75 88 70 38 100 100 81 88 
3 70 100 96 100 90 100 92 100 
3 94 100 100 100 92 100 69 100 
3 59 70 65 92 88 100 70 75 
3 75 100 100 94 92 100 92 100 
3 97 100 100 100 96 94 96 100 
3 97 91 73 81 100 100 88 94 
3 69 85 88 69 92 88 85 94 
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Group Test 1 Test 2 Test 3 Test 4 Test 5 Test 6 Test 7 Test 8 
3 69 97 85 94 96 100 92 94 
3 92 100 92 94 100 100 58 94 
3 99 100 100 100 100 100 96 100 
3 78 100 81 88 81 100 70 100 
4 100 93 100 100 100 98 100 100 
4 100 100 78 100 88 90 74 87 
4 94 97 91 93 97 98 84 100 
4 100 100 78 100 88 90 74 87 
4 94 97 91 93 97 98 84 100 
4 100 97 88 100 100 100 100 96 
4 100 100 100 100 97 98 100 100 
4 100 89 100 100 100 88 80 100 
4 94 100 100 87 96 95 95 100 
4 100 100 100 100 100 100 96 100 
4 100 100 97 100 100 98 100 100 
4 94 85 91 86 97 91 89 96 
4 100 100 100 100 100 100 100 100 
4 86 96 91 71 88 75 89 73 
4 100 100 100 86 100 98 96 100 

 
 
Group Test 9 Test 10 Test 11 Test 12 Test 13 Test 14 Test 15 Test 16

1 79 100 100 83 92 92 92 100 
1 79 100 98 94 86 98 80 85 
1 67 92 95 97 64 85 89 92 
1 86 100 100 97 100 100 100 100 
1 86 100 98 97 105 105 100 92 
1 79 100 100 97 100 85 97 96 
1 82 100 93 69 57 90 76 96 
1 71 100 93 83 100 80 86 100 
1 98 100 100 97 93 100 100 100 
1 100 100 100 100 97 105 100 105 
1 86 100 100 89 86 83 100 96 
1 71 83 71 80 93 93 85 88 
1 100 100 100 97 100 100 100 105 
1 100 100 95 67 83 100 83 83 
2 94 100 100 97 88 94 88 81 
2 88 100 81 89 100 94 100 100 
2 100 100 100 100 100 94 100 100 
2 100 100 88 97 100 79 100 100 

 97 
 
 



 

Group Test 9 Test 10 Test 11 Test 12 Test 13 Test 14 Test 15 Test 16
2 100 100 88 94 100 100 100 94 
2 100 100 100 100 100 100 100 100 
2 79 94 94 83 88 91 100 88 
2 79 94 94 91 81 88 94 88 
2 100 100 100 100 100 100 100 100 
2 94 100 81 94 100 88 100 98 
2 84 100 81 77 94 89 98 90 
2 100 100 88 91 100 94 100 94 
3 62 76 55 91 100 100 100 77 
3 100 95 100 100 100 94 100 92 
3 81 100 100 100 100 100 100 88 
3 77 100 92 95 91 100 100 65 
3 81 100 100 100 100 100 100 85 
3 100 100 100 100 100 100 100 97 
3 92 95 75 83 94 88 88 83 
3 77 95 75 94 88 100 94 50 
3 71 90 100 100 100 100 100 54 
3 100 86 95 97 100 100 94 100 
3 100 100 100 100 100 100 100 100 
3 81 100 92 100 100 100 100 81 
4 100 100 100 100 100 97 100 100 
4 91 97 100 100 90 90 100 86 
4 86 97 94 100 80 96 92 79 
4 91 100 100 100 100 100 96 100 
4 100 100 94 100 100 100 96 100 
4 97 93 100 95 95 100 89 86 
4 97 100 100 92 95 100 96 100 
4 100 100 100 100 100 100 100 100 
4 96 100 100 100 96 100 100 100 
4 100 100 86 100 100 100 77 93 
4 96 100 100 100 100 100 100 100 
4 76 72 79 79 84 93 68 57 
4 86 97 100 88 96 97 96 87 

 
Group Test 17 Test 18 Test 19 Test 20 Test 21 Test 22 Test 23 Test 24

1 92 97 100 78 92 81 81 86 
1 94 86 92 64 92 86 86 94 
1 94 86 83 55 92 89 89 78 
1 92 100 83 105 100 94 94 89 
1 89 97 105 100 100 94 94 92 
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Group Test 17 Test 18 Test 19 Test 20 Test 21 Test 22 Test 23 Test 24
1 78 94 96 96 100 100 100 95 
1 92 89 92 64 92 89 89 75 
1 86 74 63 73 75 94 94 64 
1 100 100 105 105 100 97 97 97 
1 58 100 105 105 92 100 100 97 
1 89 97 67 55 92 89 89 83 
1 89 89 92 64 58 97 97 53 
1 92 93 92 87 100 89 89 94 
1 97 97 83 105 100 94 94 86 
2 94 100 87 88 100 100 94 100 
2 91 100 73 93 94 88 88 97 
2 100 100 92 88 100 100 100 100 
2 97 76 76 73 69 94 81 92 
2 100 100 98 79 100 88 94 94 
2 100 97 95 70 75 94 100 100 
2 71 94 64 73 69 64 67 62 
2 94 77 60 94 81 91 84 83 
2 97 97 98 92 100 94 100 89 
2 69 83 68 82 100 94 97 89 
2 74 83 46 65 63 69 69 0 
2 97 94 84 65 88 100 81 89 
3 81 85 75 97 50 69 56 75 
3 88 100 100 100 100 100 94 100 
3 100 92 100 100 100 100 100 100 
3 67 85 92 100 75 83 92 98 
3 100 100 100 100 96 100 94 100 
3 100 100 94 100 100 98 75 98 
3 81 85 69 67 67 94 94 88 
3 38 0 69 67 69 50 75 69 
3 72 92 85 100 88 100 94 79 
3 100 100 100 100 94 100 81 100 
3 100 100 100 100 88 100 100 100 
3 94 100 86 100 94 94 86 100 
4 100 97 100 96 97 100 100 99 
4 86 91 100 83 54 100 100 100 
4 79 100 94 100 83 100 100 100 
4 100 100 100 100 85 100 93 100 
4 100 100 94 100 89 100 100 85 
4 91 94 97 79 85 100 86 100 
4 100 100 100 93 92 64 100 95 
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Group Test 17 Test 18 Test 19 Test 20 Test 21 Test 22 Test 23 Test 24
4 100 100 100 100 100 100 100 100 
4 100 100 100 100 97 90 100 97 
4 93 96 57 100 79 61 100 92 
4 100 100 100 100 100 100 100 100 
4 57 93 80 100 72 67 71 85 
4 87 96 100 88 97 83 87 97 

 
Group Test 24 Test 25 Test 26 Test 27 Test 28 Test 29 Test 30 Test 31

1 86 100 100 92 83 83 88 92 
1 94 100 92 100 100 100 88 100 
1 78 100 92 100 92 83 86 100 
1 89 100 100 100 100 83 86 100 
1 92 83 100 100 100 92 88 100 
1 95 100 100 83 100 92 86 105 
1 75 100 83 75 83 67 74 92 
1 64 100 83 100 67 92 74 100 
1 97 100 100 92 100 100 94 105 
1 97 100 100 100 100 100 100 105 
1 83 100 92 100 83 92 86 105 
1 53 92 33 75 67 58 46 100 
1 94 100 100 100 100 95 97 105 
1 86 92 92 100 100 92 86 100 
2 100 75 100 100 88 100 88 100 
2 97 88 100 84 94 88 86 94 
2 100 100 100 100 100 100 100 100 
2 92 50 63 81 75 81 88 100 
2 94 88 94 100 94 75 84 100 
2 100 100 100 100 94 100 100 100 
2 62 94 65 56 71 69 81 88 
2 83 89 71 81 70 83 84 89 
2 89 70 90 97 94 94 97 100 
2 89 88 75 92 94 88 91 94 
2 0 50 70 64 75 70 81 56 
2 89 88 81 88 91 86 84 89 
3 75 69 76 69 88 77 94 58 
3 100 94 100 100 100 96 100 69 
3 100 100 100 100 100 100 100 69 
3 98 100 100 100 100 100 100 70 
3 100 100 100 100 100 96 100 65 
3 98 100 100 100 100 100 100 96 

 100 
 
 



 

Group Test 24 Test 25 Test 26 Test 27 Test 28 Test 29 Test 30 Test 31
3 88 81 81 56 69 88 88 77 
3 69 40 86 81 38 85 100 54 
3 79 88 94 100 75 96 100 69 
3 100 100 94 100 94 94 94 96 
3 100 100 100 100 100 100 100 100 
3 100 94 100 100 88 82 100 65 
4 99 100 100 100 90 92 100 97 
4 100 91 91 83 87 100 100 93 
4 100 0 0 100 97 96 79 72 
4 100 96 96 100 100 100 100 100 
4 85 93 93 100 93 100 100 100 
4 100 100 100 96 94 75 97 93 
4 95 100 100 100 100 96 92 100 
4 100 100 100 100 100 100 100 100 
4 97 90 90 100 84 96 100 100 
4 92 80 80 79 81 73 97 96 
4 100 100 100 100 100 100 100 100 
4 85 72 72 89 87 82 79 96 
4 97 90 90 90 88 92 93 100 

 
Group Test 32 Test 33 

1 85 83 
1 100 100 
1 90 100 
1 100 100 
1 100 83 
1 100 83 
1 85 75 
1 95 50 
1 100 100 
1 100 100 
1 95 100 
1 95 67 
1 90 100 
1 90 83 
2 81 100 
2 88 94 
2 100 100 
2 81 100 
2 96 97 
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Group Test 32 Test 33 
2 100 100 
2 79 75 
2 83 89 
2 75 94 
2 94 88 
2 63 76 
2 89 97 
3 69 36 
3 94 84 
3 100 100 
3 83 100 
3 81 100 
3 100 100 
3 86 44 
3 44 50 
3 100 94 
3 100 100 
3 100 100 
3 81 94 
4 90 100 
4 87 100 
4 87 71 
4 100 100 
4 93 100 
4 94 93 
4 100 94 
4 100 100 
4 84 100 
4 71 94 
4 100 100 
4 67 88 
4 88 100 
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