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ABSTRACT 

 

 

 

 

 According to the most recent data from the American Council on Education, 8% of 

entering full-time college freshmen reported having a disability (HEATH Resource Center, 

2001).  Of these students, the largest percentage (40.4%) reported having a learning disability 

(LD). Under the present guidelines, universities are struggling to meet the needs of students, 

maintain long-established standards of curriculum and excellence, and also conform to the 

requirements of federal and state disability statutes. This study explored the following questions:  

(a) To what degree did data from reports on LD college students provide evidence for 

empirically-based factors that can contribute to the clinical description of learning disabilities in 

adults? (b) Were there reliable relationships between test results and diagnostic labels assigned 

by LD examiners?  (c) Were diagnostic labels related to the kinds of accommodations 

recommended? and (d) Was the severity of the disability related to the extent of the 

accommodation? 

 Data from one site showed consistent principal component factors derived from 28 

standardized subtest scores commonly used by psychologists evaluated college students for 

Learning Disabilities. Additionally, these components accurately predicted the diagnostic labels 

(LD type) given by the examiners about 56% of the time. This rate was greater than chance and 

may suggest that examiners complete their own “informal” Discriminant Analysis with the test 

data.  

 Finally, the diagnostic labels and severity of the LD was significantly correlated with 

recommended accommodations. However, these correlations were very low. Further study is 

needed to determine if the correlations between LD type and severity of the LD are related. 

 

 

 



      

1 

 

 

INTRODUCTION 

 

 

 

 

According to the most recent data from the American Council on Education, 8% of 

entering full-time college freshmen reported having a disability (HEATH Resource Center, 

2001).  Of these students, the largest percentage (40.4%) reported having a learning disability.  

The percentage of those with learning disabilities has risen from 16.1% in 1988.  This is by far 

the largest category of disability reported. 

 Clearly, these numbers indicate that the provision of services to students diagnosed as 

having learning disabilities is of major concern to American colleges and universities.   

Unfortunately, however, the rush to establish and expand special programs and the clinical lore 

surrounding these activities have outstripped the development of an empirically-based body of 

information that can guide those who diagnose and provide treatment.  Even the definition of 

learning disabilities is in such a state of flux that researchers sometimes cannot talk to each other 

within a common framework.  All of these problems are compounded in the area of learning 

disabilities in adults, as opposed to learning disabilities in children, because it has only been 

within the past fifteen or so years that college students with learning disabilities have been 

identified as a target for special services (see Brinckerhoff, Shaw, & McGuire, 2002).   

 The provision of and eligibility for these services became a particularly pressing matter 

with the passing of the Americans with Disabilities Act in 1990, which mandates the provision of 

accommodations that will “level the playing field” for individuals with disabilities within public 

and private settings.  Under the present guidelines, universities are struggling to meet the needs 

of students, maintain long-established standards of curriculum and excellence, and also conform 

to the requirements of federal and state disability statutes (e.g., Section 504 of the Rehabilitation 

Act 1973; Americans with Disabilities Act, 1990) and the resulting case law (e.g., Bartlett v. 

New York State Board of Law Examiners, 2001; Guckenburger v. Boston University, 1998).     

It is within the above context that the present study was proposed.  Although there are 

many questions that beg for exploration (e.g., questions pertaining to etiology) there is also a 

pressing need for information that can be useful to those who are providing services to college 

students with learning disabilities.  Accordingly, this study focused on diagnostic validity and on 

common practice related to accommodations that are recommended for university students who 

have been identified as having a learning disability (LD students).  In particular, the study 

explored the following questions: (a) To what degree did data from reports on LD college 

students provide evidence for empirically-based factors that can contribute to the clinical 

description of learning disabilities in adults? (b) Were there reliable relationships between test 

results and diagnostic labels assigned by LD examiners? (c) Were diagnostic labels related to the 

kinds of accommodations recommended? and (d) Was the severity of the disability related to the 

extent of the accommodation? 
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CHAPTER 1 

 

LITERATURE REVIEW 

 

 

 

  

Definitions of Learning Disabilities 

 

 

Defining learning disabilities in college students is quite difficult and not without 

controversy (Brinckerhoff et al., 2002).  Though psychologists and educators may not 

completely agree as to what a learning disability is for a college student, there have been recent 

attempts to operationalize the definition and agree on components for a complete diagnosis 

(Lorry, 1998).  The definition for adults and children that comes closest to representing the 

consensus was developed by the National Joint Committee on Learning Disabilities (NJCLD, 

1998), a group of professional and advocacy organizations (Brinckerhoff et al., 2002; Hammill, 

1990).  The most recent definition is as follows:   

Learning Disabilities is a general term that refers to a heterogeneous group of 

disorders manifested by significant difficulties in the acquisition and use of listening, 

speaking, reading, writing, reasoning, or mathematical skills. These disorders are intrinsic 

to the individual and presumed to be due to a central nervous system dysfunction, and 

may occur across the life span.  Problems in self-regulatory behaviors, social perception, 

and social interaction may exist with the learning disabilities but do not, by themselves, 

constitute a learning disability. Although learning disabilities may occur concomitantly 

with other disabilities (e.g., sensory impairment, mental retardation, serious emotional 

disturbance, etc.), or with extrinsic influences (such as cultural differences, insufficient or 

inappropriate instruction), they are not the result of those conditions or influences 

(NJCLD, 1998).   

 When the NJCLD definition of learning disabilities is considered within the college 

context a number of interesting issues arise.  First, since the definition describes learning 

disabilities as lifelong (Hammill, 1990), we should see a certain number of LD students in 

college.  However, we might also expect that there would be very few LD students in 

postsecondary settings because of their significant difficulties learning in elementary and 

secondary school, and because there is evidence that learning disabilities not only occur in 

adulthood, but also that they worsen (Gerber, Schneiders, Paradise, Reiff, Ginsberg, & Popp, 

1990). That is, one-third to one-half of moderately and very successful LD adults report that their 

difficulties in reading, writing, spelling, and math increased from earlier in life.   Additionally, as 

is frequently reported (see Brinckerhoff et al., 2002), learning disabled students’ grades are 

generally lower than are those of their peers; thus, being admitted to college should be difficult.  

However, estimates place the percentage of college students with learning disabilities at a level 

very similar (4.5%) to the percentage of total enrollment during elementary and secondary school 
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(Brinckerhoff et al., 2002; Jarrow, 1991).  These estimates seem to imply that many students, 

who were not identified earlier, are being identified as learning disabled in college. 

 The NJCLD definition is not an operational one.  Other definitions of learning disabilities 

are not operational either.  The DSM-IV-TR (American Psychiatric Association, 2000) and legal 

definitions (i.e., Section 504 of the Rehabilitation Act; ADA) provide only general guidance.  

The DSM-IV-TR describes three types of specific learning disabilities: Reading Disorder, 

Mathematics Disorder, and Disorder of Written Language.  Each of these disorders is defined by 

achievement on an individually administered standardized test being substantially below what is 

expected given a person’s chronological age, measured intelligence, and age-appropriate 

education. Additionally, the disorder must significantly interfere with academic achievement or 

activities of daily living, and must not be due to some cause other than a specific learning 

disability (i.e., an assessment must rule out other possible causes such as lack of educational 

opportunity or Generalized Anxiety Disorder).     

 The two federal laws (Section 504 and ADA) that define disabilities for adults are even 

more vague.  These laws define a disability as, “…a physical or mental impairment that 

substantially limits one or more of the major life activities of such individual” (42 U.S.C. § 

12102).  Thus, a learning disability would be a “mental impairment” that substantially limits 

specific kinds of learning and performance.    

 Many other definitions of learning disabilities have been proposed (see Hammill, 1990).  

Only one of the definitions is an operational one to give guidance to professionals who assess 

learning disabilities in children. This definition was written in a regulation from the Bureau of 

Education for the Handicapped in the U. S. Office of Education (Hammill, 1990).  In this 

regulation a child was said to have a learning disability if there is a severe discrepancy between 

achievement and intellectual ability, where a “severe discrepancy” is defined as achievement 

being at or below 50% of the child’ s expected achievement level.  Because of a large number of 

negative responses, the formula was dropped from later regulations.  In 1977, the U. S. Office of 

Education definition dropped a similar discrepancy formula.  However, more than half the states 

now use some form of an aptitude-achievement discrepancy (Brinckerhoff et al., 2002).  As part 

of their operational definitions of learning disabilities, each of these states has designed and 

implemented their own formulas (Hammill, 1990).    

 Most operational definitions used in defining learning disabilities in adults have been 

influenced by operational definitions used for children by the states (Brinckerhoff et al., 2002).   

Thus, many professionals who test adults for learning disabilities use some type of discrepancy 

formula. 

 There are four different types of discrepancy-based models described in the area of adult 

learning disabilities (Brackett & McPherson, 1996).   First, the ability-achievement discrepancy 

model is the disparity between a student’s assessed level of intellectual functioning and assessed 

academic achievement (Woodcock, 1984).  Second, the intra-achievement discrepancy model is 

defined by divergent achievement performance within and between academic achievement areas 

(e.g., one standard deviation difference between two scores on an achievement test) (Woodcock, 

1984).  Third, the regression equation discrepancy model uses ability and achievement 

discrepancies but includes a mathematical correction to adjust for regression toward the mean 

(Reynolds, 1984-1985).  Fourth, the intracognitive discrepancy model evaluates divergent 

cognitive performance within and between tests and subtests that are considered to be measures 
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of distinct cognitive processes (e.g., strengths and weaknesses on the WAIS-III) (Woodcock, 

1984). 

 Gregg (1994), in an attempt to operationalize learning disability assessment in adults, 

stated that there are three broad methods for determining eligibility for learning disabilities 

services: underachievement cutoff scores, discrepancy formulas, and the “clinical model.”  The 

“clinical model” provides a context for using information beyond norm-referenced standard 

scores in decision-making.    

 Within each of these methods, there are different ways to operationalize a learning 

disability.  The underachievement cutoff score model defines a learning disability as 

achievement below a certain standard score or percentile on a norm referenced achievement test 

alone.  One supporter of this method even suggests abandoning IQ tests all together (Seigel, 

1990).  Her method of identifying a reading disability is by declaring anyone with an 

achievement score below the 25
th

 percentile as having a disability, not differentiating low 

achievers with low ability (i.e., borderline and lower IQ scores) from those who have average or 

better ability.  Seigel’s operational definition is extreme and does not meet the theoretical 

definitions that most colleges use in determining eligibility for services of students with learning 

disabilities (Lorry, 1998). 

 Discrepancy formulas are commonly utilized by practitioners due to the ease of use (Hoy, 

Gregg, Wisenbaker, Bonham, King, & Moreland, 1996).  As was mentioned above, there are 

four types of discrepancy models.  These models assume that unexpected underachievement, 

when comparing IQ and standardized achievement test scores, is equivalent to a learning 

disability (Hoy et al., 1996).  However, Kavale (1987) states that discrepancies only suggest that 

a learning disability may exist; they are not sufficient to diagnose a learning disability.    

 Gregg’s (1994) clinical model has received more attention as of late because it uses 

multiple sources of data in the decision-making process (Hoy et al., 1996; Lorry, 1998).  To 

determine learning disability eligibility for special services, this model integrates quantitative 

data, qualitative data, self-reported background information, and the clinical judgment of a 

multidisciplinary team. 

 Brinckerhoff et al. (2002) do not suggest an operational definition for learning disabilities 

in adults; however, they discuss what is necessary for an appropriate adult learning disability 

assessment.  They support the NJCLD definition but insist that a diagnostician evaluating adult 

learning disabilities must have some background in adult developmental theory in order to 

differentiate difficulties that may be due to normal developmental issues rather than a learning 

disability.  Additionally, they state that adults with learning disabilities have distinct 

characteristics not seen in childhood.  Also, evaluators must be able to rule out other causes of 

learning problems that are often seen in adults with learning problems (e.g., depression, anxiety).  

Support for this position by Brinckerhoff et al. (2002) can be seen in the Learning Disabilities 

Association of America statement that the validity of a learning disability diagnosis increases 

when the clinician possesses an advanced professional degree with at least two years of 

experience testing the relevant age group (Learning Disabilities Association of America, 1990). 

 As with Brinckerhoff et al. (2002), Lorry (1998) does not provide an operational 

definition of learning disabilities in adults.  However, she describes essential steps needed to 

identify a language-based learning disability in adults.  She states that it is essential to obtain 

detailed educational, medical, and family history to understand how the symptoms have affected 

an individual’s functioning over time.  Also, current symptoms of the learning disability must be 
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related to problems that impact college-level classes, and poor study skills and lack of 

background must be ruled out. Additionally, Lorry states that psychological testing must address 

four essential criteria: (a) Overall intellectual abilities must be at least average and sufficient to 

meet academic demands, (b) measured overall achievement must be at least average and 

sufficient to meet academic demands, (c) specific achievement test scores must indicate a 

substantial (below average) weakness, and (d) there is evidence for an underlying problem as 

seen by an information processing deficit that accounts for the observed weakness. 

  Finally, because learning disabilities appear not only to occur in adulthood but also may 

worsen (Gerber et al., 1990), assessment methods and criteria need to be tailored to adults.  

Similar to Lorry (1998), Hawks (1996) suggests the need for a complete clinical interview.  She 

does not suggest specific score patterns in an operational definition; however, she does suggest 

specific neuropsychological tests be given.  Additionally, other areas where there are problems in 

functioning, specific to adults, should be described in the assessment.    

 In summary, definitions of learning disabilities have ranged from simple 

underachievement to complex formulas.  The most commonly accepted definition of LD in 

college students, and that recommended by the Association on Higher Education and Disability 

(AHEAD, 1997), states that such students will meet the following requirements: Average or 

higher IQ scores (using appropriate IQ tests for college students); underachievement as seen in 

significantly lower achievement test scores compared to IQ scores (using appropriate 

achievement tests for college students); and a significant information processing deficit when 

compared to IQ scores (using appropriate cognitive processing tests for college students). This 

definition was the one accepted for this study.  To reiterate that definition:  A learning disability 

was defined by: (a) at least one IQ Scale or Index score in the Average range or higher (i.e., 90 

or higher); (b) at least one Cluster score on the Woodcock-Johnson Tests of Achievement at least 

one standard deviation (i.e., 15+ points) below at least one IQ Scale or Index score and; (c) at 

least one Cluster score on the Woodcock-Johnson Tests of Cognitive Ability at least one 

standard deviation (i.e., 15+ points) below at least one IQ Scale or Index score.   

 

 

The Purpose of Assessment of Learning Disabilities 

 

 

  It is the experience of this writer that sometimes just the diagnosis of a learning disability 

appears to give hope, relief, and focus to college students so diagnosed (and their parents); 

however, the major goals of LD assessment in children have been for placement (in the public 

school system) and for proscriptive treatment (see Torgesen & Wagner, 1998; Fuchs & Fuchs, 

1998).    

 For college students, a major focus for those diagnosed with learning disabilities has been 

on accommodations that will meet the legal requirements under ADA and Section 504 of the 

Rehabilitation Act.  These laws are not specific; thus, they do not describe what is required for 

diagnosis or for accommodating those with learning disabilities.  Section 504, passed by 

Congress in 1973, was the first federal civil rights statute for individuals with disabilities being 

served by institutions that receive federal funding.  The ADA was passed by Congress in 1990, 

and extended Section 504 to places of public access that did not receive federal funds. 
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How have these federal laws been interpreted in regard to learning disabilities? 

 

 Though these two federal laws are not specific as to what is required for diagnosis of a 

learning disability in postsecondary settings, case law related to these laws should give some 

guidance. In all areas of law, interpretation of Congressional mandates has come from the 

Judicial Branch of the federal government through case law.  What is clear from case law in 

regard to LD, however, is that courts have deferred diagnostic decisions to licensed 

psychologists (see Bartlett v. New York State Board of Law Examiners, 2001).  What the courts 

have ruled on regarding LD diagnostic conclusions in college students is that the diagnosis must 

be made with recent (within 3 years of entering a postsecondary program) data (e.g., 

Guckenberger v. Boston University, 1998). 

 In a recent survey of state agencies that serve adults with LD (e.g., Vocational 

Rehabilitation), the results indicated that there is no consistency among state agencies in defining 

LD in adults (Gregg, Scott, McPeek, & Ferri, 1999).  Additionally, they described that the 

current political situation for these agencies (i.e., funding cuts) has led to private psychologists 

being contracted to complete most evaluations.  Thus, the individual psychologists have 

determined the criteria used to diagnose an adult with LD. 

 

How have universities struggled with determining accommodations for students with LD? 

 

 Once a psychologist has made a diagnosis of LD for a student in the postsecondary 

setting, the professional is expected to recommend accommodations for that student.  However, 

most psychologists making the LD diagnosis are not aware of a student’s specific educational 

needs in the postsecondary setting (see Gregg et al., 1999).  Thus, the psychologist is not part of 

a “team” designed to determine academic recommendations as is true in the secondary school 

system and required by the Individuals with Disabilities Education Act (IDEA, 1997).  The best 

opportunity for appropriate recommendations to be made would be from psychologists who have 

a great deal of experience testing postsecondary students and collaborating with postsecondary 

disability service providers. 

 Given the lack of knowledge most psychologists have about accommodations in a 

postsecondary setting, the task of deciding what the appropriate accommodations are given the 

data from the psychological report is often left to postsecondary disability service providers 

(Brinckerhoff et al., 2002; Gordon & Keiser, 1998).  Additionally, a student may request other 

accommodations years after being assessed by a psychologist.  This may happen, for example, 

when a student changes majors or moves from lower division to upper division courses; thus, the 

student requires different strategies to succeed.   The most common accommodations requested 

and granted are course substitutions (Gordon & Keiser, 1998).  Other common accommodations 

given by postsecondary service providers are extra time to complete exams (i.e., time and-a-half, 

double time, triple time), quiet environment for exams, note takers for classes, books on 

audiotape, extra time to complete out-of-class assignments, extra time to complete degree 

requirements, working with an LD specialist to identify learning strategies, preferential class 

scheduling, readers for exams, scribes for exams, spell checking software, technology that 

minimizes the impact of a disability (e.g., voice-to-text software), real-time captioning (and 

transcripts of these notes), and other specific suggestions for accommodations (Gordon & Keiser, 

1998). 
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 For accommodations to be considered appropriate and reasonable, they must not cause an 

undue hardship or burden upon a college or university and must not lower degree requirements 

or academic standards (see Section 504 of the Rehabilitation Act and the ADA).  Though 

virtually all of the accommodations listed may not be considered an undue hardship or burden 

for a postsecondary institution to provide, many accommodations alarm faculty members and 

administrators, because these accommodations appear to lower academic standards and provide 

advantages to students with disabilities over those without disabilities. However, most court 

decisions have supported these accommodations as being reasonable; they do not lower 

academic standards, nor do they provide students with LD an academic advantage. 

 

Given that a psychologist makes diagnoses and recommendations, what happens next?  

Does the university have to accommodate a student with LD? 

 

All postsecondary institutions should have policies and procedures in place for students with 

LD to understand what documentation (and recommendations) are necessary for the student to 

qualify for accommodations.  By not having these guidelines as well as procedures for filing 

grievances if accommodations are denied, an institution is open to lawsuits and sanctions by the 

U.S. Department of Education.  Once the student with LD provides the required documentation 

and request for accommodations, the postsecondary institution is required to respond in a timely 

manner.  If an institution will not or cannot provide an accommodation, it must be due to the 

accommodation’s causing an undue burden/hardship, or the accommodation must be shown to 

lower academic standards by fundamentally altering an academic program (ADA, 1993; §504 of 

the Rehabilitation Act, 1993).    

When a postsecondary institution refuses to provide an accommodation, the student with LD 

has a right to file a complaint with the U.S. Department of Education’s Office for Civil Rights 

(OCR) or a federal (or state) district court.  The student may not only ask the government to 

force an institution to provide an accommodation, but he or she may also ask for lawyer’s fees 

and punitive damages to be paid by the institution.  Thus, most postsecondary schools comply 

with most requests for accommodations.  However, when schools have refused accommodations 

(for the reasons listed above), most OCR hearing officers and courts have found for (supported) 

the postsecondary institution (Rothstein, 2000).  This suggests that unreasonable requests do not 

have to be accommodated.  The troubling question for most schools is what constitutes 

reasonable/unreasonable?    

 

 

Guidelines and Recommendations for Accommodations 

 

 

 When the first Rehabilitation Act was passed by the U.S. Congress and signed into law 

after the First World War, the goal was to assist individuals with disabilities through remediation 

(see Brinckerhoff et al., 2002).  When Section 504 of the Rehabilitation Act was passed by 

Congress in 1973 the focus switched from “fixing the person with the disability” to being more 

“accommodating” to the individual with a disability.  This change in focus not only meant 

adding ramps to buildings at universities but also making reasonable accommodations in 

curricula.    
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 To my knowledge, there are no published articles or books that list specific 

accommodations that are recommended for test score deficits that can be accounted for by 

specific learning disabilities.  Where then do recommendations come from?  The suggestions 

below are admittedly speculative, as they must be in the absence of a recognized literature to 

which professionals can turn; however, these speculations are based on interviews with 

psychologists who have performed learning disability evaluations for many years (see Author 

Note). 

 

Logical Extrapolation from Profile Analyses  

   

 At the college level, as with all other areas of American society, the emphasis has been 

on making recommendations to change the environment so that the student with a disability has a 

better chance of receiving and processing information (e.g., having the assistance of a note 

taker).  These recommendations for accommodations appear to have been derived from logical 

analysis of the content of individual tests on which a student’s score was low, and then logical 

extrapolation of the test content to the accommodations.  With the example of the student whose 

scores are low on a number of tests that appear to assess short-term auditory memory (e.g., Digit 

Span and Letter-Number Sequencing on the WAIS-III, and Memory for Sentences and Memory 

for Words on the Woodcock-Johnson Tests of Cognitive Ability), assistance of a note taker in 

the classroom would appear to be a reasonable (and logical) accommodation. All of the subtests 

mentioned involve the hearing of verbal material and the repetition of such material at some 

latency after the material is presented.  Accordingly, the recommended accommodation would 

assist a student in processing lectures where information is presented aurally.   

 Other common accommodations suggested for college students were mentioned earlier.  

These accommodations are viewed as reasonable because universities have been accepting these 

suggestions from psychologists and disability service personnel at other postsecondary 

institutions.  There has been no empirical evidence suggesting that these accommodations assist 

individuals with certain patterns of test scores.  Conversely, we do not know whether students 

who use these accommodations are given an advantage over their non-disabled classmates.    

 There are two studies (Alster, 1997; Runyan, 1991) often cited by postsecondary 

disability personnel that “show” college students with LD are not only assisted by a common 

accommodation (i.e., extra time to complete an exam), but that these students with LD are the 

only ones who benefit from the accommodation.  That is, the comparison group in each study 

(i.e., students without a diagnosis of LD) did not significantly increase their test scores on a 

standardized test of achievement (reading in one study, math in the other) given extra time, but 

the group of students with LD did improve significantly.  Both studies suffered one main flaw, a 

ceiling effect for students without LD.  The students with LD had room to improve their scores; 

however, students without LD had very little room to improve.  Thus, when each researcher 

compared change-scores between the groups, it is not surprising to see the LD group to be the 

only one to benefit from extra time. 

 In summary, many recommendations for accommodations of deficits for students under 

Section 504 and the ADA may have been, and may continue to be, logical extrapolations based 

on a psychologist’s assessment of the content validity of the items that make up the scales on 

which the individual student performs poorly. 
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Recommendations Based on Factor Analytic Studies 

 

 A second source for recommendations for accommodations may come from labels and 

descriptions that researchers have given to factors that have emerged from factor analyses of test 

scores (e.g., Visual Processing or Gv on the Woodcock-Johnson Tests of Cognitive Ability-

Revised). The most often used instruments for adult LD assessment use factor analytic 

techniques to group their subtests into identifiable dimensions that explain various patterns of 

correlations among the subtests (see Sattler, 1990). 

 It is impossible to know whether the recommended accommodations for college students 

with LD based on factor analytic findings are different from those that were mentioned above 

where psychologists extrapolate from a logical analysis of the testing profile.  In fact, virtually 

all psychoeducational reports describe the findings without referencing any research studies or 

even the test’s technical manual.  This, of course, is done because the psychoeducational report 

needs to be concise, and other professionals reading the report assume test interpretation is based 

on clinical judgment and research studies. 

 

 

Factor Analyses of LD Test Batteries 

 

 

  There are no studies of college student LD evaluations that suggest what the most 

common battery contains.  In the author’s experience as a coordinator of services for students 

with disabilities at the college level, the most commonly used tests to diagnose learning 

disabilities in college students are the following: Wechsler Adult Intelligence Scale-Revised 

(1981) or Third Edition (1997); Woodcock-Johnson Tests of Cognitive Ability – Revised (1989); 

and Woodcock-Johnson Tests of Achievement – Revised (1989).   

 The Association for Higher Education and Disability (AHEAD) drafted guidelines for 

colleges and universities to use in evaluating the appropriateness of documentation (AHEAD, 

1997).  The AHEAD guidelines include tests in the three categories that are required for 

diagnosis of LD: aptitude, academic achievement, and information processing.  Under the 

aptitude category acceptable tests are WAIS-R and WAIS-III, Woodcock-Johnson 

Psychoeducational Battery – Revised: Tests of Cognitive Ability, Kaufman Adolescent and 

Adult Intelligence Test (KAIT, 1993), and the Stanford-Binet – Fourth Edition (1986).  For 

academic achievement, acceptable tests are Woodcock-Johnson Psychoeducational Battery – 

Revised: Tests of Achievement, the Wechsler Individual Achievement Test (WIAT, 1991), 

Stanford Test of Academic Skills, and Scholastic Abilities Test for Adults (see AHEAD, 1997).  

Under the information processing category are Woodcock-Johnson Psychoeducational Battery  – 

Revised: Tests of Cognitive Ability, score patterns from the WAIS-III, the Detroit Tests of 

Learning Aptitude – Adult Version (DTLA-A), and the Wechsler Memory Scales – Third 

Edition (WMS-III, 1997) (see AHEAD, 1997).  On the other hand, tests such as the Wide Range 

Achievement Test – Revised (WRAT-R, 1984) or Third Edition (WRAT-III) and the Slosson 

Intelligence Test (SIT) are unacceptable (see AHEAD, 1997).  These and various other tests are 

seen as sampling too little information about aptitude, achievement, or information processing in 

adults to be useful. 
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 A thorough review of the literature on LD in college students yielded no factor analytic 

studies about these tests using college students who have been diagnosed as having learning 

disabilities. However, there are many published factor analytic studies on components of this test 

battery. The following are factor analytic findings from the most common tests that I have come 

across working in the field of postsecondary disability services.  I will not review the Stanford-

Binet-IV.  There is a great deal of factor analytic evidence about this test; however, the test is 

used infrequently in the identification of LD in college students. 

 

Factor Analyses of the Tests in the LD Evaluation Battery 

 

 The following factor analyses are about individual tests completed on their respective 

standardization samples.  One could expect that a factor analysis with college LD students would 

produce different factors.  Additionally, an LD examination is based on more than one test alone.  

When the WAIS-III scores are evaluated along with Woodcock-Johnson scores in the factor 

analysis, different results might be obtained. Therefore, different recommended accommodations 

might be suggested.  However, we first need to understand the factor analytic studies on the 

standardization samples before we can hypothesize how a college student with LD might differ 

from them. 

 The Wechsler Tests. For the Wechsler tests, originally the scales (factors) were based on 

David Wechsler’s conceptualization of intelligence (Kaufman, 1990).  This original 

conceptualization included a “tier system” of scores (Kaufman & Lichtenberger, 1999).  The 

lowest tier was made up of individual subtest scores; the next tier was made up of Verbal and 

Performance IQ scores; and the highest tier was the Full Scale IQ score.  With the WAIS-III, the 

Wechsler test of intelligence is now based on factor analysis of test scores. For example, the test 

now conceptualizes four index scores that measure different intelligence types: Verbal 

Comprehension (made up of the Information, Vocabulary, and Similarities subtests); Perceptual 

Organization (Picture Completion, Block Design, and Matrix Reasoning subtests); Working 

Memory (Digit Span, Letter-Number Sequencing, and Arithmetic subtests); and Processing 

Speed (Digit Symbol-Coding and Symbol Search subtests).  The Comprehension subtest did not 

load on any of the index scores but did correlate with the Verbal IQ, and the Picture 

Arrangement subtest did not load on any index scores but did correlate with Performance IQ 

(WAIS-III, 1997). 

 These four index scores are still part of a “tier system” (Kaufman & Lichtenberger, 

1999).  Three of these tiers are part of David Wechsler’s original conceptualization. The index 

scores are in between the individual subtest scores and the Verbal and Performance IQ scores.  

There is strong support for this four-factor structure for all age groups in the standardization 

sample except in the 75 – 89 year-old age group (WAIS-III, 1997).    

 Prior to the 1997 introduction of the WAIS-III, Jerome Sattler (1990) and Alan Kaufman 

(1990) provided psychologists, who were interpreting tests of intelligence, information on the 

factors that made up the WAIS-R (and WISC-R and WISC-III).  Thus, even though the most 

often used tests for diagnosis of LD were based on David Wechsler’s conceptualization (not a 

statistical technique), psychologists were able to easily refer to the factors being measured by 

subtests on the Wechsler tests.   

 Sattler (1990) reviewed many factor analytic investigations of the WAIS-R conducted on 

the standardization sample and on various clinical samples.  He concluded that the three-factor 
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model was most useful for psychoeducational tasks.  The three factors were Verbal 

Comprehension (made up of the Information, Vocabulary, Comprehension, and Similarities 

subtests); Perceptual Organization (Picture Completion [except at 18 – 19 years], Block Design, 

and Object Assembly); and Freedom from Distractibility (Digit Span and Arithmetic). The 

Coding (Digit Symbol) subtest did not load on the Freedom from Distractibility factor on the 

WAIS-R as it did on the WISC-R.  Additionally, the Picture Arrangement subtest did not load on 

the Perceptual Organization factor as it had on the WISC-III (Sattler, 1990).  The WAIS-III has 

more closely matched the WISC-III.  Also, the WAIS-III added subtests that allowed the 

Freedom from Distractibility factor to be split into Working Memory and Processing Speed. 

 The Woodcock-Johnson Tests of Cognitive Ability – Revised. The Woodcock-Johnson 

Tests of Cognitive Ability – Revised is organized by factors that are consistent with the theory of 

multiple intelligence, Gf-Gc theory (McGrew, 1994).  The Gf factor is described as “Fluid 

Reasoning” and the Gc factor is described as “Crystallized Intelligence” (called the 

Comprehension-Knowledge Cluster on the Woodcock-Johnson). Along with and within these 

two broad factors are six other factors measured by subtests of the Woodcock-Johnson:          

(a) Short-Term Memory (Gsm), (b) Long-Term Retrieval (Glr), (c) Auditory Processing (Ga), 

(d) Visual Processing (Gv), (e) Processing Speed (Gs), and (f) Quantitative Ability (Gq).  

Therefore, the Woodcock-Johnson Tests of Cognitive Ability groups its subtests into these eight 

factors called “Cluster Scores.” 

 The Fluid Reasoning Cluster (Gf) contains six subtests: Analysis-Synthesis, Concept 

Formation, Numbers Reversed, Sound Patterns, Spatial Relations, and Verbal Analogies.  The 

first two of these subtests load only on this cluster.  The other four subtests load on various other 

clusters.  The term “Fluid Intelligence” refers to a person’s broad ability to reason (Carroll, 1993; 

Horn, 1991).  Woodcock (1993) described the tasks measured in this cluster as those that 

required mental operations an individual may use when faced with a relatively novel task that 

cannot be performed automatically.  The tasks use figural or symbolic stimuli that draw upon a 

person’s store of acquired knowledge (McGrew, 1994). 

 The Comprehension-Knowledge Cluster (Gc) contains eight subtests:  Memory for 

Sentences, Picture Vocabulary, Oral Vocabulary, Listening Comprehension, Verbal Analogies, 

and three subtests from the Woodcock-Johnson Achievement (Science, Social Studies, and 

Humanities). This cluster represents a person’s depth and breadth of knowledge and his or her 

ability to effectively apply stored knowledge (McGrew, 1994).  These abilities are described as 

Crystallized Intelligence by some (e.g., Carroll, 1993; Horn, 1991).  This is knowledge held in 

long-term memory and is activated when related information shows up in short-term memory.  

Though this seems to be highly related to school achievement, Woodcock (1993) maintains that 

this cluster is distinct from achievement (although achievement subtests load on this factor). 

 Short-Term Memory (Gsm) contains three subtests:  Memory for Sentences, Memory for 

Words, and Numbers Reversed. This cluster represents the ability to take in and hold information 

and use it within a short period of time (McGrew, 1994).  Many think of this ability as being able 

to hold several (seven plus or minus two) “chunks” of information in one’s mind at once.  An 

individual must use some strategy for this information to be passed into long-term memory. 

 Long-Term Retrieval (Glr) contains four subtests:  Memory for Names, Visual-Auditory 

Learning, Delayed Recall-Memory for Names, and Delayed Recall-Visual-Auditory Learning. 

This cluster represents the ability to store information in long-term memory and to retrieve it at a 

later time when a related association represents a need to recall it (McGrew, 1994).  This ability 
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requires both efficient storage and retrieval (Woodcock, 1993).  This cluster does not measure a 

person’s acquired knowledge, although the ability it does measure impacts one’s acquiring and 

using such knowledge. The Woodcock-Johnson’s measure of long-term retrieval represents 

minutes to hours of delay (with the possibility of measuring days of delay) before asking an 

individual to recall information. 

 Auditory Processing (Ga) contains four subtests:  Incomplete Words, Sound Blending, 

Sound Patterns, and one subtest from the Woodcock-Johnson Achievement (Word Attack). This 

cluster represents one’s ability to comprehend, analyze, and synthesize patterns among auditory 

stimuli (McGrew, 1994).  This cluster does not measure the comprehension of language; 

however, the skills measured are important in the development of language and music 

achievement.  The subtests in this cluster range from having individuals distinguish between 

sounds under distorted and distracting conditions to blending isolated sounds into a whole. 

 Visual Processing (Gv) contains three subtests:  Visual Closure, Picture Recognition, and 

Spatial Relations. This cluster represents the ability to perceive, analyze, synthesize, and think 

with visual patterns (McGrew, 1994).  Often visual processing tasks require the perception and 

manipulation of visual shapes and forms that are figural or geometric in nature.  Some of these 

tasks require an individual to perform rotations or reversal of figures or interpret how objects 

change as they move through space. The Woodcock-Johnson focuses its visual processing tasks 

on interpreting distorted images, visually completing figures, and perceiving spatial 

configurations.    

 Processing Speed (Gs) contains three subtests:  Visual Matching, Cross-Out, and one 

subtest from the Woodcock-Johnson Achievement (Writing Fluency). This cluster represents the 

ability to perform automatic cognitive tasks quickly while under time pressure and the need to 

focus attention and concentration.  An individual must hold visual images in short-term memory 

and quickly use fine motor skills to reproduce the visual image on paper.  These types of tasks 

usually show how well a person can do multiple tasks in short period of time.  Woodcock (1993) 

compares Processing Speed to a rate of flow in a water valve; the flow of water through the pipe 

is at a maximum when the valve is wide open (excellent Processing Speed) and reduced when 

the valve is partially closed (poorer Processing Speed). 

 Quantitative Ability (Gq) contains three subtests:  all three subtests from the Woodcock-

Johnson Achievement (Calculation, Applied Problems, and Quantitative Concepts). This cluster 

represents a person’s acquired quantitative declarative and procedural knowledge (McGrew, 

1994).  This is similar to the Comprehension-Knowledge Cluster, except it refers to the ability to 

use quantitative information.  Woodcock (1993) admitted this cluster might be seen as 

overlapping with Fluid Reasoning and Comprehension-Knowledge. However, he stated that the 

Quantitative Ability Cluster is distinguished from Fluid Reasoning because its tasks require the 

application of previously learned mathematical procedural skills to solve a problem.  It differs 

from the Comprehension-Knowledge Cluster in that specific mathematical skills are needed 

rather than general knowledge about the field of mathematics. 

 The Woodcock-Johnson Tests of Achievement – Revised. As can be seen by the above 

description of the factor analytic evaluation of the Woodcock-Johnson Tests of Cognitive Ability 

– Revised, many of the subtests included in the achievement section of the test were included in 

that analysis. The subtests not included (e.g., Writing Samples, Passage Comprehension) are 

proposed to measure achievement in the areas of reading and writing.  Mathematics subtests 

were included under the Quantitative Ability Cluster.  Woodcock (1993) and McGrew (1994) do 
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not explain why some Achievement subtests are classified as measures of ability (either 

Comprehension-Knowledge or Quantitative) and others just measure prior achievement.  What is 

implied, though, is that these other Woodcock-Johnson Achievement subtests did not load on 

any of the Cognitive test’s factors. 

 

Factor Analyses and Recommendations for Accommodation 

 

 Researchers who have conducted factor analyses such as those described above have not 

given any explicit recommendations about accommodations (see Sattler, 1990); however, 

according to the sources interviewed (mentioned in Acknowledgements), these factor analyses 

and descriptions are often used by psychologists to generate, from logic, remedial exercises and 

recommended accommodations. The use of factor analytic results in suggesting accommodations 

is clearly similar to the subjective process of evaluating and analyzing individual test scores; 

however, factor analytic studies would give the person generating recommendations several 

advantages. First, the factor analysis directs one to look at all the scores contained in a factor to 

check for consistency of scores rather than just picking out all the low scores in the test battery, 

scores that may be chance results. Second, the description of the tests loading on a particular 

factor may suggest particular accommodations from which a college student with LD might 

benefit.  From such descriptions, examiners, for example, have suggested a student with LD who 

scored poorly on measures of short-term auditory memory (based on WAIS-III and Woodcock-

Johnson-Revised factors) might benefit from the following: preferential class seating, assistance 

of a note taker, the study strategy of “over-learning” new material, and tape recording of all class 

lectures.   

 There are many examples of how psychologists logically extrapolate from high and low 

scores on different factors to determine what they consider a student’s strengths and weaknesses 

to be.  There are not, however, any systematic studies showing any consistency within one 

psychologist or between psychologists.  It would be very helpful for college or university 

disability service personnel to know that certain patterns of scores could predict what 

accommodations would best assist a student in being successful academically or at least what 

score patterns predict which specific accommodations to be recommended.  Additionally, these 

disability service providers would like more guidance on which psychoeducational tests are best 

used with college students to diagnose LD and to suggest accommodations.   

 Finally, for a diagnostic report to be useful in qualifying a student with LD for services 

under the law, there must be a diagnosis (usually DSM-IV-TR).  There are, however, no 

systematic studies suggesting what high versus low scores on different factors would lead to 

differential diagnoses.  That is, what score patterns would lead to a diagnosis of a Reading 

Disorder (DSM-IV-TR Code 315.00) versus Mathematics Disorder (DSM-IV-TR Code 315.1) 

versus Disorder of Written Expression (DSM-IV-TR Code 315.2) versus a diagnosis of two or 

all three?  Also, given that many college students with LD are in search of a course substitution 

for a foreign language requirement, which DSM-IV-TR diagnosis would support this 

accommodation? Many reports read by this investigator diagnose LD in foreign language.  Is this 

valid?    
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 Summary 

 

 

 The numbers of American college and university students being diagnosed with LD have 

risen greatly over the last decade (HEATH, 2001).  College and university disability service 

personnel have struggled to provide appropriate accommodations while maintaining academic 

standards and complying with federal and state disability laws.  Recently guidance for 

psychologists, who diagnose most LD, has improved with books like Gordon’s and Keiser’s  

Accommodations in Higher Education under the Americans with Disabilities Act (ADA): A No-

Nonsense Guide for Clinicians, Educators, Administrators, and Lawyers (1998) and AHEAD’ s 

(1997) guide for assessing LD in students at institutions of higher education. However, no 

systematic studies have been completed on the most common assessment batteries used to 

diagnose LD in college students.    

It appears that recommendations for accommodations for college students with LD have 

sometimes been based on subjective profile analyses, factor analyses accompanied by 

descriptions and labels of the factors, and common sense.  Some questions that need to be 

addressed are: (a) To what degree did data from reports on LD college students provide evidence 

for empirically-based factors that can contribute to the clinical description of learning disabilities 

in adults? (b) Were there reliable relationships between test results and diagnostic labels assigned 

by LD examiners?  (c) Were diagnostic labels related to the kinds of accommodations 

recommended? and (d) Was the severity of the disability related to the extent of the 

accommodation?  

In the present study, psychoeducational reports on college students diagnosed with LD 

were sampled to determine whether there were clear test-score patterns that predicted diagnosis 

of the specific type of LD and that predicted recommended accommodations.  Prior to that, 

identification of specific factors (or components), based on subtest scores on several 

psychoeducational tests, was attempted. Descriptive test score data was also examined to look 

for patterns that will assist in understanding academic strengths and weaknesses of LD college 

students. 
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CHAPTER 2 

 

METHOD 

 

 

 

 

Data Sources 

 

 

The data for this study came from test reports that were written by licensed psychologists 

or trainees working under licensed psychologists.  Reports were made available to this 

investigator at one university testing center in Florida and one university student disability 

service office in Iowa.    LD students are required to have their test reports reviewed by or 

written through each office.  The Florida center staff writes most of its reports for students who 

attend large state universities and community colleges.  The Iowa office is located at a small 

liberal arts university and receives reports mostly from psychologists in private practice. 

  Students tested were referred from a variety of sources.  Some were self-referred.  

University professors, clinic staff, parents, advisors, and physicians referred others.  Many of the 

students at the Iowa university were tested in their secondary schools; therefore, they were more 

likely to be identified as LD prior to entering the university setting.  The Florida source was 

more likely to be made up of students not identified in childhood as LD. 

 In both facilities, the investigator had access to all reports on students tested for LD.  For 

the facility in Florida, those reports (approximately 3100) went back to 1988.  However, the 

sample of reports used in the present investigation was selected from approximately 1200 reports 

on students tested from 1996 to 1999. The Florida source was in the process of making 

administrative changes in the middle of the 1990's that impacted their choices for supervisors 

and assessment instruments used; and accordingly, the reports from the entire range of years 

1988 through 1999 were uneven in scope and content.  By contrast, the assessment instruments 

used and the interpretations of data and recommendations made in the reports from 1996 to 1999 

were relatively stable.  The Iowa data came from reports from 1990 through 1999 (n = 218).  The 

reports did not seem to have any systematic biases across this time.  

 

Random Sampling Procedures 

 

 The number of subjects needed was determined by the analyses planned.  The analyses 

were, in turn, determined by the nature of the questions raised in this investigation.  One of these 

questions, that having to do with the factor structure of commonly used test batteries, was 

explored by the use of Principal Components Analyses (PCAs).  A second question of primary 

importance was to what degree the scores in the test batteries were related to the diagnostic 

labels given by the examiners.  That question was explored by using both PCAs and 
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Discriminant Function Analyses (DAs).    

Thus, the number of subjects needed was determined by PCAs and DAs. To obtain 

reliable results from a PCA, the sample size should be at least 150, with results from sample 

sizes close to 300 being more stable (Tabachnick & Fidel, 2001).  In this study, the desire to 

cross-validate both the PCAs and the DAs suggested that twice the number of subjects (between 

300 and 600) would be desirable. 

When reports are selected at random, some may not meet the criteria for inclusion in a 

study that is seeking specific assessment instruments (i.e., the WAIS-R or III and the Woodcock-

Johnson) or diagnosis (i.e., LD).   An examination of a random sample of the approximately 

1200 reports available in the Florida pool from 1996 to 1999 showed that somewhat more than 

half of the reports met the criteria needed for inclusion in the analyses (see criteria below).  

Therefore, in order to obtain the desired number of reports meeting the criteria, 600 reports were 

selected from the Florida pool.  A modicum of randomness across years, examiners, and 

supervisors, was presumably obtained by selecting every other report in the pool.   All of the 

reports available from the Iowa setting were selected (n = 218).   Because of the large number of 

reports in the Florida sample, a cross validation of PCAs and DAs was planned within that 

sample; however, it was not expected that the Iowa sample would yield enough usable reports for 

a cross validation to be done within it.  

 The goal for using two sites was to compare a large, state university with a small, private 

university (to see if the results generalized).  It was the hope of the investigator that after culling 

the Iowa reports for inclusion in the analyses, the number would be sufficient to determine 

whether the Discriminant Function Analysis generalized from the Florida sample to the Iowa 

sample.  The usable number of Iowa reports did not allow this to be done; however, the Iowa 

sample did provide some descriptive information concerning the relationship between the 

diagnostic label and kind of accommodations recommended as well as demographic information 

for comparison between the two settings.   

 

Criteria for Including Data 

 

 The following criteria were used in determining whether or not data from each report 

examined could be used in the Principal Component and the Discriminant Function Analyses. 

Number Five in the list below describes what is required for a diagnosis of LD in college 

students.  This combination of standardized assessment scores was chosen because these are the 

most common criteria for diagnosis of LD in college-age students (Gregg et al., 1999).   

1. Each report was dated 1996 to 1999 for Florida sample, or 1988 to 1999 for the Iowa 

sample. 

2. Each report stated that the student was tested for a learning disability.  A student who 

did not meet the stated criteria for a college student with LD was discarded for use in the 

Principal Components and the Discriminant Function Analyses.  As mentioned above, all 

the data were used for description of LD testing being completed on college students in 

these settings and the range of students who were being referred at the two educational 

institutions.  Some descriptive dimensions included were gender, age, age when first 

tested for LD, college major, common referral questions, DSM-IV-TR diagnosis, 

athletics (e.g., NCAA Division 1-A academic requirements might lead to more testing for 

student athletes to get increased academic assistance to remain eligible), type of 
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secondary educational setting (i.e., private vs. public), primary language used at home 

and first language learned (i.e., difficulty with English as a second language may be 

confused with LD), physical and other disabilities (including head injuries), and 

standardized college entrance exam scores.  These data describe the similarities and 

differences between the individuals whose test reports were usable and those whose test 

reports were not usable. Additionally, some of these data describe differences between 

students with LD at the two college settings. 

3. The report had to be for an LD student who was or who planned to be enrolled in a 

college or university.   Those tested who planned to be or were enrolled in vocational or 

General Equivalency Degree (GED) programs were excluded. 

4. The report included test scores from the following tests. (If other tests were used in an 

LD battery, they were used only for descriptive purposes.)   

  (a) Wechsler Adult Intelligence Scale (Revised or Third Edition) 

  (b) Woodcock-Johnson Tests of Cognitive Ability - Revised 

  (c) Woodcock-Johnson Tests of Achievement - Revised 

5. A student was considered to have a learning disability if: (a) at least one IQ Scale score 

or Index score (or factor score from the WAIS-R) was in the Average range or higher 

(i.e., 90 or higher) and; (b) at least one Cluster score on the Woodcock-Johnson Tests of 

Achievement was at least one standard deviation (i.e., 15+ points) below one or more IQ 

Scale or Index score (or factor score) and; (c) at least one Cluster score on the 

Woodcock-Johnson Tests of Cognitive Ability was at least one standard deviation (i.e., 

15+ points) below one or more IQ Scale or Index score.   

6. The report included recommended accommodations for the student.  (If the report did 

not include recommended accommodations, those reports were used only for descriptive 

purposes.) 

 

Examiners 

 

 The examiners who had conducted testing in the reports selected can be characterized as 

individuals with bachelor’s, master’s, and doctorate degrees in fields such as clinical, counseling, 

or school psychology.  If the examiner was not licensed by the state, a licensed individual with 

the appropriate degree supervised him/her.   

 

Recording of Data and Procedures to Ensure Confidentiality 

 

 The investigator examined all reports and determined, using the above criteria, whether 

or not to record the data for use in the PCA or DA for descriptive purposes.  Test scores were 

recorded on data forms, and all information pertaining to suggested accommodations was 

photocopied (to be later coded for analyses).    

 All identifying information (e.g., name, student ID number) was removed from records, 

and an arbitrary number was assigned to each page of information from a given file.  Because 

there was no need to retain names or ID numbers of students, no master list was kept relating 

subject numbers to names or other identifying information.  It would be impossible for a person 

having access to the investigator’s data files to identify any individuals from the information 

contained in those files.    
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Demographics of Students Tested 

 

 Demographic information on the students tested included gender; age at testing; age 

when LD was first identified; in what type of school the student planned to be or was enrolled 

(e.g., large state university); year in school at testing; whether the student was involved in varsity 

athletics; reported college major; whether the student had an additional disability that might 

impact education; the student's first language learned; the student's primary language used for 

communication during prior schooling; and, if available, the student's high school and college 

GPA and ACT/SAT test scores.  The one demographic characteristic that was conspicuously 

missing from the files was racial/ethnic background of the student.  Less than 30% of the files 

contained such information; therefore, it would be misleading to attempt to provide numbers on 

this variable.  

 

 

Coding of Data 

 

 

            Much of the data gathered for this study did not require coding (e.g., test scores); 

however, it was necessary to code “recommendations for accommodations” so that this 

information could be entered into statistical analyses.  Recommendations for accommodations 

were coded on two dimensions: (a) Type of Accommodation and (b) Extent of Accommodation. 

“Type of Accommodation” was coded to analyze for any reliable association between certain 

accommodations suggested and subtype of LD. The rating of “Extent of Accommodation” was 

used to explore the question of the relationship between level of accommodations recommended 

and the severity of the LD. 

 Type of Accommodation. The investigator read every accommodation and assigned a 

category to that accommodation.  As a reliability check, a second coder read about 15% (n = 

104) of the usable reports with accommodations.  Those reports were randomly selected from all 

reports that met the criteria for inclusion in the PCA.  Each of these accommodations was 

assigned to one of the categories established by the investigator or to a category labeled “other.”  

The description of categories is defined in the next section. 

 The second coder was an individual with experience reading diagnostic reports on 

students at the postsecondary level with LD.  This coder was not trained in psychoeducational 

testing of LD but had a background in LD in children and adults.  Additionally, the second coder 

was a postsecondary disability service provider who was required to evaluate psychoeducational 

testing of adult students with LD in order to make decisions about accommodations. 

 Description of Coding Categories. The following category descriptions were used to 

operationally define each recommended accommodation.  These definitions were used to 

compare classifications made by each coder and to allow the reliability of these classifications to 

be measured.  This was necessary because each report was written by individuals who used 

different terminology to describe highly similar accommodations. These categories were defined 

(or grouped) so that they were related to the actual nature of the accommodations recommended 

due to weaknesses observed because of the LD (e.g., using a scribe for an exam would be in the 

same category as using voice-to-text software on a computer to write papers or take exams). 
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Also, these category descriptions were an attempt to capture all category types of 

accommodation.  However, there was a category for “other” that was used for unique 

accommodations rarely made or for referrals to other offices or agencies.  The coder made a 

judgment based on the test report’s recommendation section in order to decide in which category 

to place an accommodation.  To calculate reliability, Kendall's Tau was used.   

1. Accommodations by Acquiring Information through Auditory Means:  textbooks 

recorded on audiotape, tests read out loud or recorded on audiotape or read by computer, use of 

audiotape to record course lectures (including transcription of tapes or suggestion to use tapes to 

fill in gaps in notes), or clarifying language for test directions or questions.   

2. Accommodations for Information Acquired through Visual Means: outline of 

instructor's course notes, copies of overheads (or PowerPoint presentations), copy of other 

student’s notes, or requesting auditory information be demonstrated visually to the student. 

3. Accommodations for Acquiring Math Skills:  use of calculator for exams, 

suggestion to enroll in specific math course (that would minimize the impact of the disability), 

suggestion to enroll in remedial math, or use of written formulas for exams. 

4. Accommodations to Assist with Handwriting or Written Expression (Grammar): 

laptop computer for essays, use of computer grammar checks, spell checker (computer, other 

electronic speller), use of a dictionary, use of proof reader, student’s taping responses to exams, 

dictation to scribe, speech to text software, note taker for class, suggestion to use writing lab, or 

not being penalized for misspellings on in-class assignments. 

5. Course Substitution/Waiver (and/or Test Waiver):  Courses may be substituted (or 

in extreme cases, waived) if they do not fundamentally alter a program of study, and should be 

waived or substituted with a course where performance would not be seriously impacted by the 

learning disability.  Additionally, some colleges and universities require students to show 

proficiency in reading, writing, and mathematics prior to the students’ moving on to their junior 

year.  One way to show proficiency is through a standardized examination.  Students with LD 

may request certain test sections be waived if it can be shown that other accommodations are not 

sufficient to minimize the deleterious impact of the LD on the examination.    

6. Extra Time to Complete Exams/Assignments: Extra time may be needed due to 

slow reading or writing rate.  Extra time may be needed because a student may need to use 

technology (e.g., speech to text software) to mitigate the effects of the LD, and the technology 

causes a person to take more time than is needed by using a word processor or writing by hand. 

Frequent breaks might be needed during a test. Extra time may also be suggested for the student 

to ask questions and get more information about an assignment. 

7. Alternate Form Examinations: multiple-choice instead of essay or essay instead of 

multiple-choice. Professors may be made aware that either testing form may be an 

underestimate, and a recommendation is made to take this into account for grading. 

8. Scheduling Accommodations: academic advising (i.e., suggesting a course of study 

or specific classes that may minimize the impact of the disability), course scheduling to 

minimize the amount of reading at one time (e.g., take class during summer when taking no other 

courses), flexible class scheduling, priority course registration, taking courses that meet more 

frequently, taking classes that are smaller, taking no more than one final exam per day, or lighter 

course load each semester.   

9. Learning Strategies: specific course tutoring, time management, organizational skills 

training, various learning strategies (e.g., SQ3R, read textbooks with some strategy—or out 
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loud), re-writing class notes, discussing course materials (with faculty or peers), using study 

groups, or test-taking strategies (e.g., strategies for multiple-choice questions, relaxation, etc.). 

10. Modified Learning/Testing Environment: quiet testing and study environment, 

separate room for testing, marking multiple choice answers on exam (not bubble sheet), 

individual course instruction (rather than group), or quiet dormitory (or single room).    

11. Other: This category was used on the rare occasion that a recommended 

accommodation was idiosyncratic (e.g., career counseling to minimize impact of a disability, 

counseling to deal with impact of disability, not being penalized for drawings) to the individual 

tested or the examiner, and it did not fit one of the broad and often suggested accommodations 

mentioned above. In addition, the category was used to code referrals that were made to other 

offices or agencies.  

   Extent of Accommodation.  Severity of a learning disability is difficult to operationally 

define. However, severity of the disability is crucial in order for a student to meet the legal 

definition of LD (and is a requirement to be protected by the law).   In this study LD severity was 

defined by the standardized (cluster) score of achievement in the area(s) of LD diagnosed by the 

examiner (a standard scores of 89 or less—the definition of Below Average). Then there could 

be an attempt to demonstrate that the severity of LD was reliably associated with an individual’s 

needs for a certain number of accommodations because of his or her LD. The number of 

accommodations was demonstrated by the “Extent of Accommodation.” 

To operationally define “Extent of Accommodation,” each recommended 

accommodation was also evaluated on the following dimensions.  Five-point rating scales 

ranging from “minimal” (number 1) to “maximum” (number 5) were used to quantify each 

accommodation. Though many students receive similar accommodations, the number of the 

accommodation that each student needs should depend on the severity of the LD.  Thus, the 

investigator also completed an objective rating of the extent of each accommodation. The second 

coder also rated the extent of each accommodation.  Kendall's Tau was used to measure the 

reliability of ratings.  

1. Accommodations by Acquiring Information through Auditory Means: A “1" was 

coded for this type of accommodation if only one of these accommodations was suggested (e.g., 

textbooks on tape).  For each additional accommodation suggested, the rating was increased by 1 

up to 5. (For 5 or more of these accommodations, a rating of 5 was given.)   

2. Accommodations for Information Acquired through Visual Means: A “1" was 

coded for this type of accommodation if only one accommodation was suggested (e.g., outline of 

instructor's course notes). For each additional accommodation suggested, the rating was 

increased by 1 up to 5. (For 5 or more of these accommodations, a rating of 5 was given.) 

3. Accommodations for Acquiring Math Skills:  A “1" was coded for this type of 

accommodation if only one math accommodation was suggested (e.g., use of a calculator for 

exams). For each additional math accommodation suggested, the rating was increased by 1 up to 

5. (For 5 or more of these accommodations, a rating of 5 was given.) 

4. Accommodations to Assist with Handwriting or Written Expression (Grammar): 

A “1" was coded for this type of accommodation if only one handwriting/written expression 

accommodation was suggested (e.g., computer for essay exams). For each such additional 

accommodation suggested, the rating was increased by 1 up to 5. (For 5 or more of these 

accommodations, a rating of 5 was given.) 

5. Course Substitution/Waiver (and/or Test Waiver):  Because this accommodation is 
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often controversial and is viewed by some as lowering degree requirements, the coding was not 

dichotomous with “course substitution” being coded as “1” and “no substitution” being coded as 

“0.”   Instead, if the examiner suggested no course substitution/waiver, a “0” was coded, just as 

the other categories were coded “0” for an accommodation’s not being suggested.  To be coded 

as a “1,” the examiner would have suggested a waiver (or substitution) of one section of a 

standardized test.  A “2” was coded if the examiner suggested that one course be substituted or 

that two standardized test sections (e.g., CLAST Test at Florida Universities) be waived.  If a 

course substitution and one or more test section waivers were suggested, a “3” was coded. This 

rating increased two points for each course substitution requested up to 5.  If a course waiver was 

suggested (instead of substitution), a “3” was coded for each course waiver suggested (five 

points is maximum).  Thus, a “3” was the lowest score in this category if only one course waiver 

was suggested.  Thus, a test waiver was worth one point per section; a course substitution was 

worth two points per subject; and a course waiver was worth three points per subject. Five points 

was the maximum. 

6. Extra Time to Complete Exams/Assignments: A “1" was coded if the report writer 

simply recommended “extra time” for exams. If “time and-a-half” for exams was suggested, a 

“2" was the rating. A rating of “3” was given for “double” time, “4" for “triple” time, and “5" for 

greater than “triple” time.  For other recommendations in this category, a “1” was added for each 

additional accommodation (with 5 being the maximum). 

7. Alternate Form Examinations: A “1” was coded for this type of accommodation if 

only one category of academic course (e.g., all social science courses) was suggested to change 

examination format (e.g., multiple-choice instead of essay). For each additional category of 

academic course and for each alternate form examination accommodation suggested, the rating 

was increased by 1 up to 5. (For 5 or more of these accommodations, a rating of 5 was given.) 

8. Scheduling Accommodations: A “1" was coded for this type of accommodation if 

only one scheduling accommodation was suggested (e.g., priority course registration). For each 

additional scheduling accommodation suggested, the rating was increased by 1 up to 5. (For 5 or 

more of these accommodations, a rating of 5 was given.) 

9. Learning Strategies: A “1” was coded for this type of accommodation if one learning 

strategy was suggested (e.g., test-taking strategies). For each additional learning strategy 

category suggested (i.e., different types of test-taking strategies would only count for one point 

being coded) the rating was increased by 1 up to 5. (For more of these accommodations, a rating 

of 5 was given.) 

10. Modified Learning/Testing Environment: A “1" was coded for this type of 

accommodation if only one environmental accommodation was suggested (e.g., quiet testing 

environment). For each additional environmental accommodation suggested, the rating was 

increased by 1 up to 5. (For 5 or more of these accommodations, a rating of 5 was given.) 

11. Other:  The “extent of accommodation” score for this item was coded as “0” when 

no recommendation was made that did not fit the above categories. A score of “1” was used if 

one referral was made that did not fit into the other categories listed. For each additional “other” 

accommodation suggested the rating was increased by 1 up to 5. (For 5 or more of these 

accommodations, a rating of 5 was given.) 
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Research Questions and Data Analysis 

 

 

 This final subsection will address the questions that were explored in this study.  

Additionally, the types of data analyses used will be described in more detail.   

 

1. To what degree did data from reports on LD college students provide evidence for 

empirically-based factors that contributed to the clinical description of Learning Disabilities in 

adults?  

 

Twenty-eight variables from the WAIS-R or WAIS-III, the Woodcock-Johnson Tests of 

Achievement – R and the Woodcock-Johnson Tests of Cognitive Ability – R were entered into a 

Principal Components Analysis.  Seven factors with eigenvalues greater than 1 were extracted 

using this analysis. Tabachnick and Fidel (2001) state, "To interpret a factor, one tries to 

understand the underlying dimension that unifies the group of variables loading on it” (p. 625).  

In the appendix section of this paper, the investigator attempted to describe and interpret the 

underlying dimensions of the seven factors. 

 

2. Were there reliable relationships between test results and diagnostic labels assigned by LD 

examiners?  

 

There were three primary diagnostic labels assigned (Reading Disability, Mathematics 

Disability, and Disability of Written Expression). There were also combinations of all of these 

disabilities, plus a category labeled "Other" for LD Unspecified. A Discriminant Function 

Analysis was completed to determine which of the components (from the PCA) were most 

important in differential diagnosis among the categories. 

   

3.  Were diagnostic labels related to the kind of accommodation recommended?  

 

This question was explored by calculating the percentages of reports within each 

diagnostic category that received recommendations for the various types of accommodations.  

The patterns of these percentages were then evaluated through a visual inspection, and 

comparisons of percentages were made through the use of Chi-Square Analyses. 

   

4. Was the severity of the disability related to the extent of the accommodation? 

 

Academic achievement on the three broad clusters of the Woodcock-Johnson Tests of 

Achievement – R were correlated, using Kendall's Tau, with the coded Levels of 

Accommodation.  An inverse relationship between level of achievement and level of 

accommodation was predicted.  
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CHAPTER 3 

 

RESULTS 

 

 

 

 

Before completing any inferential statistics on the Florida and Iowa data the 

characteristics of the samples are reported. Most of the information helps explain why certain 

data was used or not. Additionally the characteristics of the samples are reported.   

 

Florida Sample 

 

The Florida sample (from 1996 – 1999) was made up of students being tested for LD 

(most for the first time in their lives) at a state university’s testing and evaluation center. Most 

students attended Florida State University (FSU) or Tallahassee Community College (TCC). 

Much of the background information reported in this paper is concerned with the reports that 

were used in the PCA and DA. The following background information was taken from all 600 

reports found in Appendix A. 

All students were evaluated by psychology graduate students in training (supervised by 

Ph.D., licensed psychologists). Most of the sample was identified as LD during college.  For 

most students, race was not mentioned (about 29% of reports); however, about 70% of those who 

had race identified were Caucasian. All reported gender; about 46% of the sample was male. The 

median age for the Florida sample’s first identification of LD was 21.   

The Florida sample consisted of a small to medium percentage of reports that gave 

information on students’ high school achievement (42% reported grades, 39% reported SAT 

Scores, 27% reported ACT Composite Scores); college achievement (34% reported grades up to 

the evaluation time); and college major (60% reported at time of the evaluation).  

The only other background data on these students with a sufficient sample size to report 

some type inference about the group was for “Languages Learned Fluently.” All reports 

mentioned language, because the testing center evaluated diverse campuses at FSU and TCC. 

Most often (almost 99%), English was the language used and learned fluently. The few (n = 6) 

who did not learn English fluently, yet were tested, were not diagnosed LD, nor were they used 

in other analyses in this study. On the other hand, this data showed the reliability of background 

data when 99% of Florida students stated they spoke English only, yet only 93.5% reported 

speaking English only in their homes while being raised. 

The information about comorbid psychological disorders was not found in the Florida 

sample. Most likely if AD/HD were diagnosed along with LD, accommodations for a further 

evaluation would be suggested (i.e., medication evaluation by a psychiatrist). This would have 

shown up in this study as a suggested accommodation of “Other.” Such an accommodation was 

found to be recommended in as many as 75% of reports for certain LD diagnoses. 
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Iowa Sample 

  

The Iowa sample (all reports from 1996 – 1999) was made up of students receiving 

services at an office for students with disabilities at one private, liberal arts university. Appendix 

B compares demographic information of the Iowa sample to the Florida one. Most students were 

evaluated by private practice psychologists (in Iowa and Illinois) and school psychologists (at 

students’ high schools). Most of the sample was identified as LD before age 13. Almost all 

(96.4%) students were Caucasian (72% of reports stated race) and male (about 56%).  

The Iowa sample consisted of a small percentage of reports that gave information on 

students’ high school achievement (37% reported grades; 27% reported ACT Composite Scores), 

college achievement (44% reported grades up to the evaluation time), and college major (22% 

reported at time of the evaluation).  

The only other background data on these students with a sufficient sample size to report 

some type inference about the group was for “Other Psychological (DSM) Diagnoses.” Most 

often (almost 69%) no other psychological diagnosis was given. However, about 25% of the 

sample received a diagnosis coded as “Other.” Further examination showed that “Other” was 

always Attention Deficit/Hyperactivity Disorder.   

 

Inclusion Criteria for PCA and DA 

 

For the Iowa sample, reports from the period 1988 to 1995 (n = 99) were reviewed to find 

out whether the instruments used and the characteristics of the individuals tested during these 

years were similar to those found in the reports written from 1996 to 1999 (see Appendix C).  

The rationale behind this procedure was that if the reports before 1996 were similar enough to 

the 1996 to 1999 reports, they would be included in the Iowa sample (in order for the sample size 

to be sufficient for a cross validation PCA and DA).  Unfortunately that was not the case.  As can 

be seen in Appendix C the reports before 1996 differed in a number of ways from those written 

during the years 1996 to 1999 (e.g., versions of IQ and achievement tests used).  Therefore a 

decision was made to eliminate from consideration for this investigation all of the Iowa reports 

dated before 1996.  

Of the remaining 119 reports (1996 through 1999), only 76 included the WAIS-R or 

WAIS–III.  Of those 76, only 53 used the Woodcock-Johnson Tests of Achievement-Revised 

and only 15 the Woodcock-Johnson Tests of Cognitive Ability-Revised. Only 34 of the reports 

used any measure of information processing.  When reports missing one or more of the above-

mentioned tests were eliminated, six remaining reports met criteria for inclusion in data analyses.  

It was felt by the investigator that this sample of six reports was too small to provide any 

meaningful cross-validation information; thus, they could not be used for the PCA or DA.  

However, all Iowa reports were used in the descriptive statistical analyses reported below.  

Six hundred reports had been selected for the Florida sample.  Fifty-one were excluded 

for not having LD diagnoses or for having Low Average IQ scores.  The necessity of an LD 

diagnosis is self-evident; however, the necessity of an IQ score in the Average or Above Average 

range may not be as clear to the reader.  Reports from students who obtained Low Average IQ 

scores were excluded under the following rationale.  For diagnosis of LD, an IQ Score in the 

Average (or above) range is not required by the DSM-IV-TR (2000); however, low ability of 
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college students does need to be ruled out before one can be diagnosed as LD.  One expects that 

students in post-secondary settings would be at least in the Average range of ability to be 

successful. Thus, by definition (not achieving up to one’s potential) students in post-secondary 

settings cannot be LD and have Low Average (or below) IQ.   

After the eliminations described above, 549 reports met the criteria for inclusion in the 

Principal Component Analysis (PCA) and the Discriminant Analysis (DA).  Because of missing 

data, however, not all of the variables were used in forming each component score. These scores 

were eliminated in a pair-wise manner. This allowed the investigation to use many more reports 

and allowed a cross-validation within the Florida sample. 

 It was expected that the Florida and Iowa samples would provide at least 450 usable 

reports for the PCA and DA.  Even with the Iowa sample excluded for reasons mentioned above, 

the remaining number of usable reports from Florida (n = 549) exceeded the number required to 

perform the statistical analyses (Bryant and Yarnold, 2001).  

 

Demographic Information of Samples without Exclusions 

 

Appendix B contains demographic information on all 600 reports selected at random 

from the FSU Multidisciplinary Center and on the 119 reports obtained from an Iowa college’s 

disability service office from 1996 to 1999.  The purpose of presenting descriptive statistics 

using all the files is to show the range of students who are being referred for testing in these two 

locations.   

 

Demographic Information of Sample after Exclusions 

 

 Table 1 presents demographic information of the sample that was entered into the PCA 

and DA.  Appendix B includes more detailed background information for all reports used in the 

entire investigation.  

 

Principal Components Analyses (PCAs) 

 

One of the purposes of this investigation was to attempt to identify a factor (component) 

structure in the test batteries selected for study.  A Principal Components Analysis was chosen 

for this task.  The factors (components) obtained through this analysis were also entered into 

Discriminant Analyses (DAs), described in following sections, which assisted in evaluating the 

relationship between test scores and the LD diagnoses assigned.   

 Twenty-eight variables were used in each PCA conducted.  These analyses included 

scores from virtually all of the subtests on the WAIS-R or WAIS-III (using only subtests that 

overlapped between the two test versions), and, with few exceptions, all subtests from the 

standard batteries of the Woodcock-Johnson Tests of Cognitive Ability – R and the Woodcock-

Johnson Tests of Cognitive Ability – R.  The 28 variables used in the PCAs are listed in Table 2. 

Preliminary Principal Components Analyses. As with other factor analyses, Principal 

Components Analyses capitalize on “chance” relationships between variables (Tabachnick & 

Fidell, 2001). To help identify such chance results, two random samples were selected and PCAs 

were completed on both random samples.  The descriptive statistics of these two groups and the 

Principal Components derived from the PCAs were compared. 
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Table 1 

 

Demographic Information on the Florida Sample that was entered into the PCA and DA  

 

 

Demographics         

 

% Males 47.2 (n = 549)    

 

Mdn Age at Evaluation 21 (n = 549) 

   

Mdn Grade at Evaluation   College/University Sophomore  

(n = 434)  

  

Mdn Age LD Identified 21.0 (n = 544)    

 

% Race/ethnicity 

 

Black 4.9 (n = 27)    

 

Hispanic 2.4 (n = 13)  

   

White 21.3 (n = 117)    

 

Other 1.3 (n = 7) 

 

Achievement    

 

M High School GPA 2.88 (n= 230)    

     

M College GPA 2.50 (n = 189)    

 

M ACT Composite 20.38 (n = 151)    

 

M SAT Verbal 512.98 (n = 218)   

 

M SAT Math 472.75 (n = 218)   

_______________________________________________________________________ 

Note. Sample size is number of valid cases  
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Table 2 

Subtests that Comprise the 28 Variables Used in PCAs 

 

  Tests                                             Subtests 

 

WAIS-R and WAIS-III                            Vocabulary 

               Similarities 

Arithmetic 

Digit Span 

Information 

Comprehension 

Picture Completion 

Digit Symbol Coding 

Block Design 

Picture Arrangement 

 

Woodcock-Johnson Tests of Achievement – R      Letter Word Identification 

       Passage Comprehension 

       Calculation 

       Applied Problems 

       Dictation 

       Writing Samples  

 

Woodcock-Johnson Tests of Cognitive Ability – R  Memory for Names 

        Visual Auditory Learning 

        Memory for Sentences 

        Memory for Words 

        Visual Matching 

        Cross Out 

        Incomplete Words 

        Sound Blending 

        Visual Closure 

        Picture Recognition 

        Analysis Synthesis 

        Concept Formation 
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Table 3 shows means and standard deviations for the 28 variables for the two random 

samples.   A visual inspection of this table indicates that the two groups were similar in 

composition.    

In conducting and evaluating the PCAs, several questions had to be considered.  The first 

question is that of how many factors should be selected.  Tabachnick and Fidell (2001) state that 

a researcher faces a dilemma in making this decision:  "One wants to retain enough factors for an 

adequate fit, but not so many that parsimony is lost” (p. 620).  These authors suggest that a 

reasonable cut-off is an eigenvalue of 1.  Furthermore, they suggest that using such a criterion 

usually results in a number of components between "…number of variables divided by 3…" and 

"…number of variables divided by 5" (Tabachnick & Fidell, 2001, p. 620). 

A cut-off eigenvalue of 1 resulted in 7 components for each analysis.  It is encouraging to 

note that the number of components extracted using this criterion was exactly the number of 

variables divided by 4.  Tabachnick and Fidell (2001) state that "if the number of variables is 40 

or fewer, and if sample size is large, the number of factors indicated by [the above two criteria] is 

probably about right” (p. 621).   

  A Varimax Rotation with Kaiser Normalization was used to obtain the components. 

Table 4 shows the percentages of variance accounted for by each PCA. It can be noted that the 

percentages of variance accounted for by the two PCAs were very similar. Table 5 presents the 

Rotated Component Matrices for the two random samples. 

 The two matrices were compared using typical “rules” to determine if there was enough 

similarity of the solutions for the two randomly selected groups (comparing 196 pairs of factor 

loadings).  In making such an evaluation, both the pattern and magnitude of the correlations 

between variables and components were examined (Tabachnick & Fidell, 2001, p. 627).  This 

evaluation assisted the researcher in determining whether the components obtained were due to 

chance, and it also provided direction concerning the combining of the groups in order to take 

advantage of a larger data set.  

The evaluation of the component loadings in Table 5 suggested that the solutions were 

sufficiently similar such that one may, with confidence, assume that the components produced 

were not due to chance. This conclusion is based on the following rules being met (Tabachnick 

& Fidell, 2001, pp 625 – 627): 

1. Only variables with loadings of .32 and above were interpreted. Loadings in excess of 

.71 were considered excellent, .63 to .70 were considered very good, .55 to .62 were 

considered good, and .45 to .54 were considered fair. 

2. Component loadings were assigned to specific components based on this magnitude 

(rule 1) and if the loading magnitude was greatest for a specific component when 

compared to all others. 

3. When comparing randomly selected halves of a data set, component factors loadings 

were considered similar when the vast majority of times the loading magnitude and 

pattern clustered. 

In summary, both  PCAs produced 7 components, the percentages of variance accounted 

for by these components were similar for both PCAs, and the components structures were similar 

for both PCAs. That is, loadings matched on the same factors for 21 subtests and did not match 

on two subtests. Four other subtests loaded to a similar magnitude on two factors. One subtest 

did not load on any factor.  These similarities suggested that the data from these two PCAs could 

be combined into a larger data set. 



      

Table 3 

 

Descriptive Statistics for the Two Florida Random Samples and Total Sample 

 

  

 First Random Sample Second Random Sample Total Sample 

   ________________________  _________________________ ________________________ 

Subtests Mean SD n Mean SD n Mean SD n 

 

 

Vocabulary 10.61 2.30 245                          10.57 2.38 260 10.67 2.40 495  

Similarities 10.78 2.56 241 10.65 2.58 258 10.77 2.49 491 

Arithmetic 9.36 2.32 245 9.28 2.42 260 9.40 2.43 495 

Digit Span 9.98 2.63 242 9.92 2.51 259 9.87 2.54 491 

Information 9.95 2.49 245 9.85 2.40 260 9.94  2.50 495 

Comprehension 11.36 2.53 245 11.24 2.44 260 11.30 2.43 495 

Picture Completion 10.07 2.54 245 10.03 2.61 260 10.11 2.60 495 

Digit Symbol Coding 9.99 2.62 245 9.77 2.52 258 9.90 2.61 492 

Block Design 9.78 2.55 245 9.98 2.67 260 9.89 2.66 495 
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Table 3 (Cont.) 

 

Descriptive Statistics for the Two Florida Random Samples  

 

  

 First Random Sample Second Random Sample Total Sample 

   ________________________  _________________________ ________________________ 

Subtests Mean SD n Mean SD n Mean SD n 

 

 

Picture Arrangement 10.44 2.76 245 10.30 2.61 260 10.41 2.69 495 

L-W Identification 103.66 14.24 256 104.00 15.09 273 104.57 14.99 531 

Passage Comprehension  102.69 13.22 256 102.71 14.30 273 102.75 14.07 531 

Calculation 99.72 10.00 258 99.04 9.89 273 99.26 10.10 529 

Applied Problems 94.77 8.61 259 94.36 8.61 275 94.57 8.58 530 

Dictation                          89.34 11.09 260 89.19 11.02 279 89.10 10.83 537 

Writing Samples           105.98 14.29 257 104.91 15.15 277 105.30 14.71 533 

Memory for Names        95.30 12.56 263 94.25 13.84 285 94.64 13.32 544 

V-A Learning          99.28 12.89 265 97.91 12.73 283 99.33 13.55 542 
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Table 3 (Cont.) 

 

Descriptive Statistics for the Two Florida Random Samples  

 

  

 First Random Sample Second Random Sample Total Sample 

   ________________________  _________________________ ________________________ 

Subtests Mean SD n Mean SD n Mean SD n 

 

 

Memory for Sentences   100.99 13.05 261 100.92 13.63 283 101.07 13.61 542             

Memory for Words          99.43 14.74 260 99.01 14.84 281 99.22 14.87 539 

Visual Matching            99.87 14.95 260 98.23 15.24 282 98.87 15.04 541 

Cross out                   98.98 15.78 261 97.76 15.74 283 98.76 15.99 540 

Incomplete Words         94.87 13.39 260 96.12 14.07 283 95.78 13.11 539 

Sound Blending          97.62 14.10 262 97.08 14.71 281 97.56 14.30 538 

Visual Closure      102.44 15.57 258 102.54 14.31 282 102.42 14.82 538 

Picture Recognition     101.28 16.19 263 100.60 16.38 284 101.03 15.23 538 

Analysis Synthesis    98.32 12.78 259 98.90 12.40 275 98.30 12.30 528 

Concept Formation       97.46 12.87 261 98.58 13.13 275 97.97 13.16 528 

___________________________________________________________________________________________________________ 

Note. In the standardization samples, WAIS-R and III Subtest Means are 10 with a Standard Deviation of 3. WJ-R Subtest Means are 

100 with a Standard Deviation of 15.
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Table 4 

 

Variance Accounted For by Rotated Solution for Two Rotated Half Florida Samples 

 

 

Component  Total   % of Variance   Cumulative % 

 

 

Florida First Random Half 

 

 

1 3.474 12.407 12.407 

2 3.015 10.769 23.176 

3 2.672 9.543 32.720 

4 2.394 8.550 41.270 

5 2.226 7.950 49.220 

6 2.142 7.651 56.870 

7 2.026 7.236 64.106 

________________________________________________________________________ 

 

Florida Second Random Half 

 

1 3.750 13.39 13.39 

2 3.141 11.22 24.61 

3 2.552 9.114 33.73 

4 2.350 8.392 42.12 

5 2.216 7.916 50.03 

6 2.171 7.754 57.79 

7 1.889 6.748 64.53 

________________________________________________________________________



      

Table 5 

Rotated Component Matrix for First and Second Random Halves of the Florida Sample - Comparison 

 

Rotated Component Matrix  

__________________________________________________________________________________________ 

 

Components  

 __________________________________________________________________________________________ 

 

Subtest    1  2  3  4  5  6  7 

Names 

 

Vocabulary 1
st
 .789 .146 .220 .158 .073 -.048 .032 

 2
nd

 .773 .102 -.002 .112 .326 -.008 -.048 

 

Similarities
a
 1

st
 .618 .109 .165 .111 .416 .020 -.015 

 2
nd

 .461 .191 .005 .152 .576 -.007 .005 

 

Arithmetic 1
st
 .438 .520 -.179 .132 -.044 .246 .075 

 2
nd

 .303 .613 -.127 .184 .208 .109 -.113 

 

Digit Span 1st .117 .058 .100 .791 .063 .247 -.034 

 2
nd 

.010 .123 .114 .778 .178 .213 -.090 

  

Information 1
st
 .790 .218 .108 -.058 -.036 -.070 .127 

 2
nd

 .730 .295 -.131 -.138 .260 -.031 .034 

 

Comprehension
a
  1

st
 .778 .080 .040 .021 .278 .050 .092 

 2
nd

 .538 .187 -.149 .079 .547 .001 .111 
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Table 5 (Cont.) 

Rotated Component Matrix for First and Second Random Halves of the Florida Sample - Comparison 

 

Rotated Component Matrix   

__________________________________________________________________________________________ 

 

Components 

   __________________________________________________________________________________________ 

 

Subtest    1  2  3  4  5  6  7 

Names 

 

Picture Completion 1
st
 .119 .107 .093 .036 .716 .081 .137 

 2
nd

 -.049 .164 .235 .180 .723 .046 .061 

 

Digit Symbol Coding 1
st
 .028 .103 .137 .044 .107 .813 -.064 

 2
nd

 .019 .095 .023 .096 .064 .840 -.061 

 

Block Design
a
 1

st
 .219 .372 .348 .038 .501 .042 .015 

 2
nd

 -.027 .523 .299 .101 .435 .021 .121 

 

Picture Arrangement 1
st
 .369 -.024 -.070 .162 .550 .051 .365 

 2
nd

 .282 .031 .040 .096 .682 .030 .232 

 

L-W Identification 1
st
 .312 .040 .648 .263 -.204 .015 .179 

 2
nd

 .640 .066 .327 .243 -.094 -.049 .236 

 

Passage Comp. 1
st
 .424 .189 .372 .355 .192 -.061 .301 

 2
nd

 .575 .152 .288 .261 .210 .036 .291 
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Table 5 (Cont.) 

Rotated Component Matrix for First and Second Random Halves of the Florida Sample - Comparison 

 

Rotated Component Matrix   

__________________________________________________________________________________________ 

 

Components 

   __________________________________________________________________________________________ 

 

Subtest    1  2  3  4  5  6  7 

Names 

 

Calculation 1
st
 .126 .733 .080 .018 -.112 .136 .180 

 2
nd

 .130 .758 -.026 -.067 -.053 .118 .089 

 

Applied Problems 1
st
 .355 .797 -.065 .119 -.005 .050 .140 

 2
nd

 .262 .810 -.004 .058 .122 .071 .041 

 

Dictation 1
st
 .402 .112 .535 .251 -.350 .145 .016 

 2
nd

 .693 .148 .277 .237 -.131 .144 -.004 

 

Writing Samples
a
 1

st
 .353 .278 .563 .093 .121 .166 .109 

 2
nd

 .565 .179 .381 .188 .116 .102 .140 

 

Memory for Names 1
st
 .127 .216 .192 .169 .024 -.003 .753 

 2
nd

 .196 .121 .061 .114 .151 .007 .741 

 

V-A Learning 1
st
 .060 .389 .271 .179 .134 .058 .593 

 2
nd

 .147 .242 .154 .237 .070 .105 .725 

 

 

35 



      

Table 5 (Cont.) 

Rotated Component Matrix for First and Second Random Halves of the Florida Sample - Comparison 

 

Rotated Component Matrix   

__________________________________________________________________________________________ 

 

Components 

   __________________________________________________________________________________________ 

 

Subtest    1  2  3  4  5  6  7 

Names 

 

Memory for Sent. 1
st
 .156 .188 .195 .702 .058 -.049 .138 

 2
nd

 .342 .141 .116 .639 .053 .021 .156 

 

Memory for Words 1
st
 -.043 .056 .219 .790 -.002 .145 .038 

 2
nd

 .127 .076 .094 .789 .064 .123 .200 

 

Visual Matching  1
st
 .008 .105 .055 .214 -.096 .811 .161 

 2
nd

 .106 .123 .034 .155 -.065 .826 .117 

 

Cross Out 1
st
 -.069 .214 .225 .126 .220 .638 .286 

 2
nd

 -.113 .185 .282 .131 .050 .669 .339 

 

Incomplete Words 1
st
 -.046 -.291 .628 .090 .167 .116 .151 

 2
nd

 .122 .021 .767 .056 .154 .172 -.027 

 

Sound Blending 1
st
 .570 .633 .683 .203 .244 .112 .072 

 2
nd

 .208 .077 .640 .270 .141 -.013 .261 
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Table 5 (Cont.) 

Rotated Component Matrix for First and Second Random Halves of the Florida Sample - Comparison 

 

Rotated Component Matrix   

__________________________________________________________________________________________ 

 

Components 

   __________________________________________________________________________________________ 

 

Subtest    1  2  3  4  5  6  7 

Names 

 

Visual Closure
 b
 1

st
 .261 .000 .263 -.164 .389 .095 .392

 2
nd

 .111 .120 .263 -.203 .447 .121 .299 

 

Picture Recognition 1
st
 .042 .088 .034 -.118 .246 .352 .628 

 2
nd

 .025 .050 -.047 -.144 .262 .416 .560 

 

Analysis Synthesis 1
st
 .014 .720 .144 .040 .342 .094 .053 

 2
nd

 .044 .658 .179 .121 .142 .110 .231 

 

Concept Formation 1
st
 .054 .607 .139 .259 .401 .098 .150 

 2
nd

 .134 .596 .157 .261 .131 .071 .301 

Note. Boldface numbers accounted for a significant amount of variance for that component.   
a
These four subtests had 2 component scores with similar loadings. 

b
This subtest accounted for a similar low amount of variance on two components; therefore, no component was selected. 
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Principal Components Analysis for Entire Data Set. Because the two random samples 

matched so closely when comparing the 196 pairs of factor loadings, the two random samples in 

the preliminary PCAs were combined into one larger data set comprising 549 subjects. This 

larger data set and the same 28 variables were entered into a PCA. A Varimax Rotation with 

Kaiser Normalization was used.  Again, seven components were obtained. The same subtests that 

loaded on the first random sample loaded exactly the same manner on the total data set. The 

percentages of variance accounted for by these components ranged from 12.54 to 6.83 (see Table 

6). The total percentage of variance accounted for was 63.08.  The Rotated Component Matrix 

from this analysis is presented in Table 7.  The loadings shown in Table 7 is the Rotated 

Component Matrix for all 7 components. 

One of the questions raised in this investigation was to what degree the results of the 

Principal Components Analysis provide evidence for an empirically-based factor (component) 

structure that can contribute to the clinical description of what LD is for college students. (The 

labels for the components are given in Table 8.) In the Appendix, these component labels are 

described based on prior factor analytical research and the relationships to the current study. In 

making such an evaluation, both the pattern and magnitude of the correlations between variables 

and components were examined (Tabachnick and Fidell, 2001). These components showed how 

clinical diagnostic patterns of standardized tests were used to describe LD in a college sample. 

Table 8 also lists the subtests that loaded most highly on each component. 

Each component score was given a label based on the subtest component loadings for that 

rotated component score. In making such an evaluation, both the pattern and magnitude of the 

correlations between variables and components were examined (Tabachnick and Fidell, 2001). 

Table 9 lists all 28 subtest score means and standard deviations used in the PCA (Florida 

data) listed by LD diagnosis. That is, scores were reported for groups based on the diagnosis an 

examiner had given to the student tested. This allowed for a description of subtest score patterns 

used in the PCA completed in this study. WAIS-R and WAIS-III subtest scores were converted 

to a mean of 100 and a standard deviation of 15 to make the scores comparable to the 

Woodcock-Johnson-R subtest scores.  

When describing differences between groups of students by diagnosis, using the extreme 

scores appeared to be the most useful. Information that showed students scoring in the Low 

Average range and lower (standard scores of 89 or lower) and that showed them scoring in the 

High Average range and higher (standard scores of 110 or higher) would be helpful. For college 

LD students, High Average scores would be evidence that they are qualified to be in college. On 

the other hand, Low Average scores would support the theory that students with LD have 

significant weaknesses. 

As can be seen in Table 9, students with Reading LD only had Average scores and 

higher. Two subtest scores were in the High Average range and one was in the Superior range. 

All three of these subtests measured verbal ability. One of the largest groups, Math LD, scored 

mostly in the Average range; however, two scores (Arithmetic and Block Design) were in the 

Low Average range. The Written Language LD students had the most subtest scores (5) in the 

High Average range and only one subtest in the Low Average range. The high scores were 

mostly verbal measures (including Writing Samples). The Low Average score was on the 

Dictation subtest. 
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Table 6 

 

Variance Accounted For by Rotated Loading for Entire Florida Sample 

 

Component Total   % of Variance Cumulative % 

 

1 3.51 12.54 12.54 

2 3.00 10.73 23.28 

3 2.70 9.64 32.92 

4 2.19 7.84 40.77 

5 2.17 7.76 48.54 

6 2.15 7.70 56.24 

7 1.91 6.83 63.08 

 

 

 

 

 

 

 



      

Table 7 

Rotated Component Matrix for Entire Florida Sample  
 

Rotated Component Matrix 

          

__________________________________________________________________________________________ 

 

Components 

   __________________________________________________________________________________________ 

 

Subtest    1  2  3  4  5  6  7 

Names 

 

Vocabulary   .804  .144  .252  -.018  .095  .045  .087  

 

Similarities   .630  .116  .101  -.061  .158  .416  .015  

    

Arithmetic   .392  .606  -.099  .154  .249  .032  .037   

 

Digit Span   .087  .080  .121  .224  .811  .082  .001  

   

Information   .770  .243  .142  -.048  -.086  .021  .116  

 

Comprehension   .739  .154  .042  -.017  .099  .297  .046  

 

Picture Completion  .135  .106  .075  .016  .138  .718  .082  

 

Digit Symbol Coding  .001  .086  .087  .827  .090  .078  .005  

 

Block Design   .100  .417  .128  .085  .046  .557  .072  
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Table 7 (Cont.) 

 

Rotated Component Matrix for Entire Florida Sample  
 

Rotated Component Matrix 

          

__________________________________________________________________________________________ 

 

Components 

   __________________________________________________________________________________________ 

 

Subtest    1  2  3  4  5  6  7 

Names 

 

Picture Arrangement  .424  .029  -.005  .107  .051  .496  .185 

 

Letter Word Identification .409  .077  .605  .071  .177  -.150  .172 

 

Passage Comprehension .488  .192  .464  .057  .209  .146  .233  

 

Calculation   .108  .773  .049  .114  .014  .067  .109 

 

Applied Problems  .304  .802  .058  .059  .107  .066  .091 

 

Dictation   .408  .135  .584  .215  .163  -.259  .047 

 

Writing Samples  .364  .183  .543  .154  .126  .106  .154 

 

Memory for Names  .156  .122  .116  .026  .188  .060  .800 

 

Visual Auditory Learning .078  .366  .261  .106  .162  .079  .667 
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Table 7 (Cont.) 

 

Rotated Component Matrix for Entire Florida Sample  
 

Rotated Component Matrix 

          

__________________________________________________________________________________________ 

 

Components 

   __________________________________________________________________________________________ 

 

Subtest    1  2  3  4  5  6  7 

Names 

 

Memory for Sentences .242  .188  .308  -.003  .625  .044  .097 

 

Memory for Words  .010  .074  .209  .099  .800  .039  .145 

 

Visual Matching   .020  .124  .081  .832  .136  -.041  .110 

 

Cross Out   -.082  .206  .161  .692  .090  .215  .264 

 

Incomplete Words  -.041  .020  .665  .103  .091  .275  -.028 

 

Sound Blending  .062  .097  .679  .015  .233  .188  .125 

 

Visual Closure   .175  .010  .249  .152  -.172  .464  .284

 

Picture Recognition  .103  .026  -.006  .266  -.068  .295  .621 

 

Analysis Synthesis  .066  .647  .223  .108  .007  .306  .082  
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Table 7 (Cont.) 

 

Rotated Component Matrix for Entire Florida Sample  
 

 

Rotated Component Matrix 

          

__________________________________________________________________________________________ 

 

Components 

   __________________________________________________________________________________________ 

 

Subtest    1  2  3  4  5  6  7 

Names 

 

Concept Formation  .064  .658  .243  .102  .167  .325  .155 

 

Note. Boldface numbers accounted for a significant amount of variance for that component.   
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Table 8 

 

PCA Component Names and Subtests that Loaded Most Highly on Each Component   

 

 

Component Number Label Assigned 

Subtests Included in Component 

 

Component 1             Verbal Knowledge/Ability/Reasoning 

Vocabulary 

Similarities 

Information 

Comprehension 

Passage Comprehension 

 

Component 2            Mathematical/Analytical Ability 

Arithmetic 

Applied Problems 

Calculation 

Analysis Synthesis 

Concept Formation 

 

Component 3              Word Level Reading/Spelling/Phonological Ability 

Letter-Word Identification 

Dictation 

Writing Samples 

Incomplete Words 

Sound Blending 

 

Component 4             Processing Speed 

Digit Symbol Coding 

Visual Matching 

Cross Out 

 

Component 5               Short-Term Verbal Memory 

Digit Span 

Memory for Sentences 

Memory for Words 
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Table 8 (Cont.) 

 

PCA Component Names and Subtests that Loaded Most Highly on Each Component   

 

 

Component Number Label Assigned 

Subtests Included in Component 

 

 

 

Component 6               Visual/Analytical Reasoning 

Picture Completion 

Block Design 

Picture Arrangement 

Visual Closure 

 

Component 7            Long-Term Visual/Verbal Learning Ability 

Memory for Names 

Visual Auditory Learning 

Picture Recognition 

 



      

 

Table 9 

 

Means and Standard Deviations for All Subtests Used in the PCA by LD Diagnosis – Total Florida Sample 

 

  

 Reading  Math  Written Language  Reading & Math  Reading & Written Lang. 

 n=18 n=150 n=24 n=20 n=41 

Subtests Mean SD Mean SD Mean SD Mean  SD Mean SD 

Vocabulary 110.6 14.66 107.1 12.18 116.1 12.95 101.3 9.10 98.6 10.77 

Similarities 107.5 12.32 103.1 11.88 119.6 11.73 92.5 8.66 101.1 11.39 

Arithmetic 105.6 12.64 86.7 11.49 109.1 13.65 85.6 11.97 105.6 11.43 

Digit Span 108.0 12.28 97.7 12.43 107.8 13.73 90.0 11.83 90.0 11.57 

Information 98.1 17.05 98.6 11.69 109.1 15.66 96.3 15.37 88.9 9.17 

Comprehension 122.5 12.18 107.6 12.32 118.7 15.1 100.6 10.88 114.2 11.92 

Picture Completion 104.4 16.82 93.3 12.59 104.3 11.47 90.6 11.62 101.9 14.44 

Digit Symbol Coding 109.3 14.20 99.3 12.40 97.4 13.67 100.6 15.65 95.6 12.16  

Block Design 103.1 15.78 88.0 11.82 108.3 14.51 99.4 15.0 105.0 14.12 

Picture Arrangement 98.8 14.24 97.2 13.97 116.5 14.43 90.6 10.56 102.5 13.12 

L-W Identification 103.4 11.28 108.1 14.62 107.0 13.45 99.80 13.48 93.15 11.22 

Passage Comprehension  97.9 8.30 103.6 12.96 111.9 14.83 88.8 15.21 94.27 10.30 

Calculation 109.5 9.82 97.4 8.95 106.8 12.36 100.6 9.51 107.0 11.03 

Applied Problems 102.7 10.87 92.19 7.05 104.2 10.84 92.8 10.41 100.6 11.10 

Dictation                          96.1 9.99 96.4 11.21 89.5 12.13 91.5 8.10 81.2 8.41 
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Writing Samples           113.5 15.03 107.9 14.12 111.5 13.25 100.8 10.30 97.5 14.13



      

Table 9 (Cont.) 

 

Means and Standard Deviations for All Subtests Used in the PCA by LD Diagnosis – Total Florida Sample 

 

  

 Reading  Math  Written Language Reading & Math Reading & Written Lang. 

 n=18 n=150 n=24 n=20 n=41 

Subtests Mean SD Mean SD Mean SD Mean  SD Mean  SD 

Memory for Names        98.7 9.08 94.1 14.70 96.8 10.33 90.0 11.67 92.0 11.15 

V-A Learning          105.6 11.79 98.7 14.27 105.4 9.21 95.4 12.24 102.3 15.89 

Memory for Sentences   101.3 12.57 101.2 14.41 105.8 13.61 93.9 9.84 96.4 11.87          

Memory for Words          104.4 12.14 100.3 14.83 106.7 19.22 93.3 11.28 97.0 14.31 

Visual Matching            104.8 13.85 100.0 16.67 102.4 14.39 100.4 13.36 97.0 11.46 

Cross out                   103.4 14.46 97.2 14.03 105.8 16.30 98.3 16.57 99.9 13.06 

Incomplete Words         98.4 15.19 97.8 12.88 96.6 10.73 95.7 14.88 91.4 9.01 

Sound Blending          94.8 14.89 100.4 14.47 100.9 13.78 94.0 12.20 92.1 12.44 

Visual Closure      102.8 11.44 99.4 14.96 102.5 15.78 101.2 8.67 99.5 12.78 

Picture Recognition     105.3 15.75 97.9 14.37 100.8 15.40 95.0 13.76 102.6 14.48 

Analysis Synthesis    107.6 12.37 95.6 11.54 107.0 14.06 92.0 7.81 105.6 13.87 

Concept Formation       106.1 13.00 94.0 13.86 108.3 11.27 87.8 8.13 102.7 12.10 
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Table 9 (Cont.) 

Means and Standard Deviations for All Subtests Used in the PCA by LD Diagnosis – Total Florida Sample 

 

  

 Math & Written Language Reading, Math, & Written Language Other 

 n=191 n=72 n=22 

Subtests Mean SD Mean SD Mean SD 

Vocabulary 110.6 11.84 98.2 10.32 100.5 13.13 

Similarities 113.9 12.02 108.1 13.60 98.0 13.54 

Arithmetic 95.3 11.96  90.2 11.22 102.0 10.71 

Digit Span 99.3 12.77 98.5 11.97 106.0 16.34 

Information 103.0 11.74 95.5 12.26 98.5 16.73 

Comprehension 117.8 11.50 110.7 11.12 110.5 12.41 

Picture Completion 104.8 11.95 109.3 14.17 96.0 12.29  

Digit Symbol Coding 98.9 13.46  96.7 12.54 106.0 14.90 

Block Design 102.3 12.34 106.8 14.22 100.5 12.08 

Picture Arrangement 109.3 12.70  107.2 13.08  103.0 11.93 

L-W Identification 108.3 14.83  97.3 14.85  100.5 11.04 

Passage Comprehension  107.9 13.65  95.5 10.41 98.3 14.47 

Calculation 97.3 8.84  98.1 10.28 103.0 10.96   

Applied Problems 93.9 7.40 93.8 7.81 95.3 5.83 

Dictation                          86.3 7.81 83.6 8.99 91.3 11.89 

Writing Samples           107.2 14.88 99.4 13.46 96.8 11.41
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Table 9 (Cont.) 

 

Means and Standard Deviations for All Subtests Used in the PCA by LD Diagnosis – Total Florida Sample 

 

  

 Math & Written Language Reading, Math, & Written Language Other 

 n=191 n=72 n=22 

Subtests Mean SD Mean SD Mean SD 

Memory for Names        96.6 13.65 93.3 12.73 90.2 9.88 

V-A Learning          100.8 13.39 94.9 12.18 94.3 8.32 

Memory for Sentences   103.1 13.40 97.6 12.73 102.7 15.37             

Memory for Words          100.0 14.76 93.9 12.88 98.4 15.01 

Visual Matching            97.8 15.59 96.3 11.99 102.8 15.69 

Cross out                   98.4 17.15 99.1 18.53 99.7 14.85 

Incomplete Words         97.1 13.50 91.9 13.09 88.4 12.19 

Sound Blending          99.2 15.25 93.1 11.74 91.6 11.34 

Visual Closure      104.8 15.15 107.0 14.71 95.52 13.76 

Picture Recognition     103.8 15.09 100.8 16.91 98.3 14.39 

Analysis Synthesis    99.0 11.67 96.1 12.36 94.5 6.91 

Concept Formation       99.4 12.60 97.4 11.13 99.1 14.18   

         

Note: All Subtest Scores have a Mean of 100 and Standard Deviation of 15. WAIS-R and III Subtest Scores were converted from 

Means of 10 and Standard Deviations of 3. 

49 



      

50 

The other LD groups were a combination of the three mentioned and one general 

(“Other”) LD group. The Reading and Math LD group had subtest scores mostly in the Average 

range. The three subtest scores that were not in the Average range were in the Low Average 

range. The low scores were on Arithmetic, Passage Comprehension, and Concept Formation 

subtests. The Reading and Written Language LD group also had all but three subtest scores 

outside the Average range. Two were Low Average (Information and Dictation) and one High 

Average (Comprehension). The Math and Written Language LD group had three subtests 

(Vocabulary, Similarities, and Comprehension) in the High Average range and one (Dictation) in 

the Low Average range. The Reading, Math, and Written Language LD students showed one 

High Average (Comprehension) and one Low Average (Dictation) subtest. The “Other” LD 

group also had one High Average (Comprehension) and one Low Average (Incomplete Words) 

subtest. 

 

Discriminant Function Analyses (DAs)  

 

 The major question proposed in this study is this: Are there reliable relationships between 

test variables and diagnostic labels assigned? The diagnostic labels are the ones assigned by the 

examiner (and his or her supervisor for the Florida data). (See Table 10 for a list of the 

diagnostic categories and the percentage of students that were classified to be in these 

categories.) It is presumed that an examiner assigns a diagnostic label based largely, but not 

totally, on the pattern of scores obtained for a given examinee.  It might be said that the examiner 

is performing an “informal Discriminant Function Analysis.”  If examiners do indeed use the 

pattern of scores in determining a diagnostic label, then a Discriminant Function Analysis (DA) 

based on the data set obtained for this investigation should assign subjects to diagnostic 

categories with an accuracy greater than chance.   

 Given the large number of subtest scores and the fact that these variables were likely to 

be correlated with each other, the above PCA was used as a preliminary analysis to the DA in 

order to isolate independent factors and to reduce the number of independent variables going into 

the DA.  The PCA was needed, because to get the best results from a Discriminant Function 

Analysis, the independent variables should be strongly correlated with the dependent variables 

but uncorrelated with the other independent variables (Tabachnick & Fidell, 2001).  For this 

analysis, the seven component scores derived from the PCA were used as the independent 

variables, and the eight LD diagnostic categories were used as the dependent variable.   

Preliminary Discriminant Analyses.  As with a PCA, a DA capitalizes on chance, and 

cross-validation is therefore recommended when a DA is carried out (Tabachnick and Fidel, 

2001, p. 489).  The cross-validation for this investigation was accomplished by performing a DA 

on each of the random data sets described above.  

 Subjects were assigned to one of eight diagnostic categories by the examiners (listed in 

Table 10). Each subject was then classified to a diagnostic category by using the seven 

components reported in Table 8.  The following criteria were used to evaluate whether or not an 

adequate cross-validation had been accomplished: (a) the overall percentage of original grouped 

cases correctly classified was significant, (b) the overall percentages classified correctly were 

approximately the same, and (c) within each of the predicted LD diagnostic categories the 

number of cases assigned to the correct category was greater than the number of cases assigned 

to any of the incorrect categories.  That is, within each of the LD diagnostic categories, predicted 
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Table 10 

 

LD Diagnostic Categories

 

Name Percent Classified 

Reading LD             3.3% 

Math LD            27.8% 

Written Language LD              4.4% 

Reading & Math LD
a
              3.7% 

Reading & Written Language LD
a
               7.6% 

Math & Written Language LD
a
               35.9% 

Reading, Math, & Written Language LD
a
      13.3%      

Other or Unspecified 4.1%  

Note. These percentages are the number of each diagnosis given by the examiner divided by the 

total number diagnoses assigned (i.e., prior probabilities). 
a
More than one type of LD diagnosis given. 
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group membership should have been more often accurate than inaccurate.   

For the first random half of the Florida sample, seven discriminant functions were 

calculated, with a combined χ2
(49) = 187.64, p < .000.  After removal of the first function, there 

was still strong association between groups and predictors, χ2
 (36) = 96.17, p < .000.  After 

removal of the first two functions, again there was still strong association between groups and 

predictors, χ2
 (25) = 51.15, p = .002.  The DA for first-half data set correctly classified 54.6% of 

the original grouped cases correctly.  Across the eight LD diagnostic categories, the average 

percentage for correct posterior group membership was 35.3%, whereas the maximum-

probability-estimator (M-P-P), an index of chance classification was 14.9% (Duarte, Silva, & 

Stam, 2001, p.  303). Concerning accuracy of assignment, accurate assignments were higher than 

inaccurate assignments in six of the eight LD diagnostic categories.   

For the second random half of the Florida sample, seven discriminant functions were 

calculated, with a combined χ2
 (49) = 202.53, p < .000.  After removal of the first function, there 

was still strong association between groups and predictors, χ2
 (36) = 103.43, p < .000.  After 

removal of the first two functions, again there was still strong association between groups and 

predictors, χ2
 (25) = 40.48, p = .026.  The DA for the second-half data set correctly classified 

54.7% of the original grouped cases correctly.  Across the eight LD diagnostic categories, the 

average percentage for correct posterior group membership was 36.2%, whereas the M-P-P was 

14.1%.  Concerning accuracy of assignment, for data set two, as for data set one, accurate 

assignments were higher than inaccurate assignments in six of the eight LD diagnostic 

categories.  This result obtained for those two categories appeared to be due to the small numbers 

of original subjects in those diagnostic categories (e.g., n's ranging from 3 to 8).    

In summary, information from the overall accuracy of classifications and from the 

patterns of accurate and inaccurate classifications supported the cross-validation of the DAs of 

the two random samples. (See Appendix D for both samples’ classification.)  Therefore, the 

random samples were collapsed into one larger data set, which was again submitted to a 

Discriminant Function Analysis. 

 

Discriminant Function Analysis for Entire Data Set 

 

For the entire data set, seven discriminant functions were calculated, with a combined χ2
 

(28) = 330.14, p < .000.  After removal of the first function, there was still strong association 

between groups and predictors, χ2
 (18) = 110.18, p < .000.  After removal of the first two 

functions, again there was still strong association between groups and predictors, χ2
 (10) = 31.12, 

p < .001.  

Table 11 shows the accuracy of classification. The analysis accurately classified 56.2% of  

original grouped cases. To be accurately classified, the original diagnosis given would match the 

one the computer predicted given the data used to make up the principal components. To check 

how well the data from the PCA classified individuals, the “Predicted Group Membership” 

column numbers were compared to each other. If the highest number matched the original group, 

the DA data did fairly well at predicting what the examiner diagnosed.  

For example, of the 125 Math LD diagnoses made by the examiners, 89 of the cases were 

predicted by the DA (i.e., 71.2% accurately classified). Another 32 cases originally diagnosed as 

Math and Written Language LD were predicted to be Math LD (i.e., only 19.4% of the original 

165 Math and Written Language LD diagnoses). Fifty percent (n = 7) of the original Reading and 
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Math LD diagnoses were predicted to be Math LD by this analysis. Of the original 8 diagnostic 

categories, the highest percentage predicted was a correct classification. The reason for making 

the comparison this way, rather than across the table, is due to the uneven cell sizes (two 

categories accounted for 65% of the diagnoses).  

In using this method, seven of the eight predicted LD diagnostic categories, the 

percentages of accurate classifications were higher than were the percentages of inaccurate 

classifications.  The only LD diagnostic category that did not show this pattern was “Reading 

and Math LD.”  The DA did not assign any subjects to that category either correctly or 

incorrectly. Across the eight LD diagnostic categories, the average percentage for correct 

posterior group membership was 32.5%, whereas the M-P-P was 14.0%. The “Ungrouped 

Cases” were diagnoses based on the operational definition in this study, but the examiner gave 

no LD diagnosis (n = 5). 

 

Analyses on Recommended Accommodations 

 

 The rest of the analyses were taken from both Florida (n = 549) and Iowa (n = 95) 

samples of students diagnosed as LD and with IQ measures at the Average or higher range. Each 

section describes whether Florida or Iowa data was used for the analysis or whether both samples 

were combined. Each analysis had a variable sample size, and that is stated at the beginning of 

each section. 

Recommendations for accommodations were coded on two dimensions: 1) Type of 

Accommodation and 2) Extent of Accommodation. Raters assigned each accommodation 

mentioned in a report to one of 11 categories; in addition, they rated the extent of this 

accommodation on the 5-point rating scales described in the Method Section. All of the reports 

(Florida and Iowa) were read and the accommodations coded by the investigator.  As a reliability 

check, about 15 percent of all the reports were read and coded by a second rater (n = 104).  In 

order for an agreement to be recorded, raters had to agree on both the type and the extent of the 

accommodation.  Kendall's Tau was used to generate reliability scores for these ratings (see 

Table 12).         

 Though all accommodations were rated on two levels (type and extent of 

accommodation), the raters were really only making one decision. Two reliability scores could 

have been calculated; however, if the raters disagreed on type of accommodation that would 

impact the extent of accommodation. That is, if a rating was made on another type of 

accommodation, the extent of accommodation number would increase (while the other rater 

would have a higher rating on some other accommodation). Therefore, the one reliability score is 

more conservative than if two were calculated. In all of the accommodation categories, 

reliabilities were .831 or greater. All were statistically significant (p < .001). 

 

Diagnostic Label and Type of Accommodation 

 

 Florida Sample. In the introduction to this study, the following question was proposed:  

Is diagnostic label related to the kind of accommodation recommended?  The best way to show 

whether examiners recommended an accommodation based on the diagnosis given was (a) to 

show the average number of times an accommodation was recommended (with variability) and 

(b) to see whether the accommodation ratings were selected by something other than chance



      

Table 11 

 

Discriminant Function Results-- Percentage of Cases Classified Correctly 

  

 

Original Groups                      Predicted Group Memberships 

________________                                                      _________________________________________________________________ 

 

Learning Disability         n    Reading LD  Math LD Written Lang. LD     Reading & Math LD 

 

 

Reading  11 9.1 18.2 9.1 .0 

Math  125 .8 71.2 .0 .0 

Written Lang. 17 .0 11.8 23.5 .0 

Reading & Math 14 .0 50.0 .0 .0 

Reading & Written Lang. 34 .0 5.9 .0 .0    

Math & Written Lang. 165 .6 19.4 .0 .0  

Reading, Math, & Writ. Lang 55 .0 5.5 .0 .0 

Other or Unspecified  17 .0 11.8 .0 .0 

Ungrouped Cases 5 .0 40.0 .0 .0 

____________________________________________________________________________________________________________ 
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Table 11 (Cont.) 

 

Discriminant Function Results-- Percentage of Cases Classified Correctly 

  

 

Original Groups                      Predicted Group Memberships 

________________                   ______________________________________________________________________________ 

 

Learning Disability     n  Reading & Written       Math & Written Reading, Math &   Other  

      Language   Language  Written Language  or  

                 Unspecified 

 

Reading   11 18.2 45.5 .0 .0 

Math   125 .8 27.2 .0 .0  

Written Lang.  17 11.8 52.9 .0 .0  

Reading & Math  14 7.1 42.9 .0 .0  

Reading & Written Lang.  34 55.9 35.3 2.9 .0  

Math & Written Lang.  165 4.2 72.7 .0 .0  

Reading, Math, & Writ. Lang. 55 12.7 60.0 21.8 .0  

Other or Unspecified   17 17.6 64.7 .0  5.9  

Ungrouped Cases  5  .0 60.0 .0 .0 

Note. The analysis accurately classified 56.2% of reports. Boldface numbers show the highest percentage of correct classification by the DA.
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Table 12 

Inter-Rater Reliability for Coding of Accommodations 

______________________________________________________________________________ 

 Type of Accommodation                             Reliability Coefficient 

 

Acquiring Information - Auditory Means    .879** 

Acquiring Information - Visual Means    .812** 

For Specific Math Disabilities     .932** 

For Handwriting or Written Expression    .991** 

Course Substitution       .985** 

Extra Time for Exams/Assignments     .820** 

Alternate Forms Examinations     .886** 

Scheduling Accommodations      .903** 

Learning Strategies       .871** 

Modified Learning Testing Environment    .847** 

Other         .831** 

Note. **p < .001 
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(using χ2
 test of independence). Table 13 shows the means and standard deviations for each 

particular diagnostic label that was paired with a particular type of accommodation in 538 reports 

from the Florida sample. The table also shows which accommodations had significant χ2 
test 

results.  Appendix E shows the χ2 
test

 
results for Florida (and Iowa data). 

 Significant or non-significant analyses most often led to a visual inspection that could be 

explained by the pattern of suggested accommodations. The χ2
 test results that were not 

statistically significant were on accommodations that were not often suggested (Math Skills) or 

were suggested for almost all LD students (Extra Time, Learning Strategies, or Other). The 

seven statistically significant accommodations seemed to differentiate between diagnostic 

categories fairly well (except on two occasions). The Math Skills accommodations were 

suggested only 41 times; 37 times for students diagnosed with a Math Disability or a Math 

Disability in combination with other LD types. The other three non-significant results were 

useful suggestions for any LD student and are the most common accommodations suggested 

(Brinckerhoff et al., 2002). The “Other” category was mostly used when an examiner suggested 

that an LD student get help without being specific. 

The Auditory accommodations were most often suggested for those students diagnosed 

with Reading Disability (or in combination with other LD types). Visual accommodations were 

most often suggested for those with Reading and Written Language Disabilities or Reading, 

Math, and Written Language Disabilities. Writing or Handwriting Accommodations were 

suggested most often for Written Language Disabilities (or some combination). Math Disability 

alone did not seem as important for Course or Test Substitution/Waiver but disabilities that 

included Math Disability in some combination seemed to be important for suggesting that 

accommodation. Scheduling accommodations were most often seen with Reading Disabilities (or 

some combination). The Modified Learning or Testing Environment accommodation was 

suggested for most LD types; yet the χ2
 test results were significant. A visual inspection does not 

seem to show a clear pattern. Finally, Alternate Form Examination accommodations were rarely 

suggested (n = 32). The significant χ2
 cannot be explained by visual inspection.   

Another way to demonstrate that LD diagnosis was or was not related to the 

recommended accommodations was to view the percent of reports that suggested an 

accommodation no matter the diagnosis.  The ranges of the percentages for each type of 

accommodation are shown in Table 14.  

Visual inspection of Table 14 revealed that in a very high percentage of instances, 

regardless of diagnostic label, the examiners recommended accommodations for: (a) Acquiring 

Information through Auditory Means, (b) Acquiring Information through Visual Means, (c) 

Being Provided Extra Time to Complete Exams and Assignments, and (d) The Use of 

Particular Learning Strategies. The range for the percentage of such recommendations is from 

75% to 100%.  It seems that these accommodations were generally recommended to some extent 

regardless of LD diagnosis. However, the χ2
 test results were significant for the first two 

accommodations, yet not the last two. Thus, the results seen in Table 13 may not be very 

meaningful. 

Accommodations showing reasonably broad ranges for the percentages reported in Table 

14 were accommodations for: (a) Problems with Handwriting or Written Expression (2% to 

95%), (b) Course Substitution/Waiver and/or Test Substitution/Waiver (39% - 100%), (c) 

Alternate Form Examinations (3% - 88%), (d) Scheduling Accommodations (24% - 100%), (e) a 

Modified Test Environment (5% - 56%), and (f) Other (7% - 75%). All but “Other” showed a 



      

Table 13 

 

Means and Standard Deviations for which a Particular Diagnostic Label was Paired with a Particular Type of Accommodation – 

Florida Sample       

 

Type of Accommodation 

 ______________________________________________________________________________________________ 

 

LD Diagnosis    Auditory
a
      Visual

b
            Math             Writing

a
      

             ______________ _____________                ____________       _____________                            

           n M            SD        M              SD               M               SD            M               SD  

 

Reading           18 1.56      1.10              1.22        0.81        0.00          ---             1.28  1.81 

Math          150  0.87      0.64                1.01        0.70        0.07          0.25           0.61 1.26   

Written Language          24 1.21      0.88                1.08        0.78               0.00         ---             4.00   1.50  

Reading & Math          20 1.80      0.83               1.15       0.67               0.20         0.41         0.70           1.59  

Reading & Written Language       41 1.90       0.77              1.56        0.67                 0.02         0.16          4.37        1.41 

Math & Written Language            191 1.12       0.73                1.13        0.61                0.09 0.29          4.41           1.17 

Reading, Math, & Written Lang.  72 1.50      0.98          1.32 0.77              0.11 0.36          4.26    1.52  

Other          22              1.41      1.14        1.09        0.61             0.14 0.35        2.14    2.19 
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Table 13 (Cont.) 

 

Means and Standard Deviations for which a Particular Diagnostic Label was Paired with a Particular Type of Accommodation – 

Florida Sample       

 

Type of Accommodation 

 ______________________________________________________________________________________________ 

 

LD Diagnosis                      Course Substitution
a
         Extra Time       Alternate Forms

b
           Scheduling

a
 

                              Tests/Assign.                   Tests 

             _________________       _____________                ____________       _____________                            

           n M              SD    M              SD               M               SD            M                SD  

 

Reading           18 0.61        0.98            1.50       1.04 0.28           0.67       2.61 1.46 

Math          150  1.83        0.66              1.09 0.66 0.03          0.21         0.59 1.18   

Written Language          24 1.38        0.97            0.92 0.41               0.08           0.41         1.08 1.69  

Reading & Math          20 2.45        1.32            1.20 0.41                  0.25           0.79       3.15          1.04 

Reading & Written Language       41 2.22        1.49            1.20     0.71                 0.22          0.57      3.02      1.01 

Math & Written Language            191 3.13         1.15             1.17     0.64                 0.05 0.27        0.88         1.33 

Reading, Math, & Written Lang.  72 3.76         1.70             1.22     0.79                0.17        0.58     3.03   1.10 

Other          22              2.23         1.48             1.18       0.50               0.09         0.29       1.32         1.86 
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Table 13 (Cont.) 

 

Means and Standard Deviations for which a Particular Diagnostic Label was Paired with a Particular Type of Accommodation – 

Florida Sample       

 

Type of Accommodation 

 ______________________________________________________________________________________________ 

 

LD Diagnosis                        Strategies                          Modified Environment
b
                   Other             

_________________       ____________________                ____________  

           n M           SD         M              SD                M            SD             

Reading           18 4.17      1.65 0.22         0.43        0.94       0.87       

Math          150  4.58      1.09               0.28 0.45 0.93       0.89         

Written Language          24 4.71      1.08             0.29 0.55               0.71       0.91           

Reading & Math          20 4.90       0.45               0.40 0.50                1.15       1.14 

Reading & Written Language       41 4.90       0.62            0.61 0.59               1.02       0.94        

Math & Written Language            191 4.70    0.87                  0.30 0.48                 0.89       0.93          

Reading, Math, & Written Lang.  72 4.89       0.46 0.54 0.58                1.21       1.01 

Other        22 4.64      1.18               0.36       0.49               0.59       0.91 

____________________________________________________________________________________________________________ 

Note. Range of Mean was 0 to 5. 
a
Chi-Square is Statistically Significant (p<.001); 

 b
Chi-Square is Statistically Significant (p<.01) 
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Table 14 

 

Diagnostic Label and Recommended Accommodation—Florida Sample 

 

 

Accommodation Type Percentage Range of all Diagnostic Categories 

Recommended to Receive Accommodation Type 

 

Auditory 75 - 100% 

Visual 77 – 95% 

Math  0 – 17% 

Writing 4 – 96% 

Course Substitution    39 – 100% 

Extra Time     88 – 98 % 

Alternate Forms Tests    3 – 88% 

Scheduling     24 – 100% 

Strategies     83 – 100% 

Modified Environment   5 – 56% 

Other      7 – 75% 

______________________________________________________________________________ 
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significant χ2
 test result. The patterns of each of these types of accommodations, as they relate to 

specific LD diagnoses, will be discussed in the Discussion section of this report.     

 Iowa Sample. Again, the following question was asked, this time with the Iowa sample: 

Is diagnostic label related to the kind of accommodation recommended? Table 15 shows the 

means and standard deviations for each particular diagnostic label that was paired with a 

particular type of accommodation in 64 reports from the Iowa sample. The other 31 Iowa reports 

had no suggested accommodations. The table shows that only one accommodation had 

significant χ2 
test results (Visual).  Appendix E shows the χ2 

test
 
results for Iowa (and Florida 

data). The ranges of these percentages for each type of accommodation are shown in Table 16.  

 Obviously, with a much smaller sample size, there was much less stability in the Iowa 

data. This led to very few patterns that could be discerned. The only real variability was in the 

“Other” LD type. This of course was due to the fact that most of the Iowa reports gave a general 

diagnosis (69%). 

Therefore, visual inspection of Tables 15 and 16, as was done with the Florida sample, 

revealed few patterns. Given that most of the reports gave a general LD diagnosis, an analysis of 

requested accommodation showed that all accommodations were recommended for this group. 

However, Course Substitution/Waiver and/or Test Substitution/Waiver was requested only 9% of 

the time and Use of Particular Learning Strategies was requested 8%.  On the other hand, Extra 

Time to Complete Exams and Assignments was requested in 82% of the reports. Three other 

types of accommodation were requested more than 50% of the time for: Acquiring Information 

through Auditory Means, Problems with Handwriting or Written Expression, and Other. It seems 

that many accommodations are generally recommended for a general LD diagnosis. 

Supporting this pattern (accounting for only 8% of the sample but the second largest 

group) was the diagnostic group of Reading, Math, and Written Language LD. Six of the 11 

types of accommodations were suggested in these reports. The patterns of each of these types of 

accommodations will be discussed in the Discussion section of this report. 

 

Level of Disability and Extent of Accommodations 

 

 Florida Sample. Is the severity of the disability related to the extent of the 

accommodations?  In order to attempt to answer this question, academic achievement on the 

three broad clusters of the Woodcock-Johnson Tests of Achievement – R were correlated with 

the coded Levels of Accommodation.  These correlations (Kendall’s tau) are reported in Table 

17.  

An inverse relationship between level of achievement and extent of accommodation was 

predicted.  This prediction was based on the assumption that the lower the level of achievement 

of a student, the greater would be the level of accommodation recommended by the examiner.   

 Of the 33 correlations reported, 13 (39%) were both significant and in the predicted 

direction.  This is a greater number than expected by chance; therefore, some evidence is 

provided to support the notion that examiners do sometimes relate the extent of recommended 

accommodations to the examinee's level of achievement.  It must be noted, however, that the 

largest of these predicted correlations was -.235 (Course Substitution/Test Waiver), which 

accounts for only 5.5% of the variance.  The other significant correlations range from -.072 to     

-.219, which account for .05% and 4.8% of the variance respectively. 
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Table 15 

 

Means and Standard Deviations for which a Particular Diagnostic Label was Paired with a Particular Type of Accommodation – 

Iowa Sample 

 

Type of Accommodation 

 ______________________________________________________________________________________________ 

 

LD Diagnosis    Auditory      Visual
a
            Math             Writing      

             ______________ _____________                ____________       _____________                            

           n M            SD        M              SD               M               SD            M               SD  

 

Reading           2 1.00      0.00
b
              2.00        2.83        0.00          ---             0.50  0.71 

Math          2  0.50      0.71                1.00        1.41        0.00          ---           2.00 0.00
 b
   

Written Language          4 1.00      1.15                0.00        ---               0.25         0.50            1.75   1.26  

Reading & Math          1 0.00      ---
 
               1.00       0.00

 b
               0.00         ---         4.00           0.00

 b
  

Reading & Written Language       4 1.00       0.82              1.25        0.96                 0.50         0.58          2.25        2.22 

Math & Written Language            2 1.50       0.71                0.00        ---                0.50 0.71          2.50           2.12 

Reading, Math, & Written Lang.  5 1.00      0.71          0.00 ---              0.20 0.45          1.80    2.49  

Other 44           0.82     0.92        0.41 0.73             0.20 0.46        1.59    1.44 



       

Table 15 (Cont.) 

 

Means and Standard Deviations for which a Particular Diagnostic Label was Paired with a Particular Type of Accommodation – 

Iowa Sample       

 

Type of Accommodation 

 ______________________________________________________________________________________________ 

 

LD Diagnosis                      Course Substitution         Extra Time       Alternate Forms           Scheduling 

                              Tests/Assign.                   Tests 

             _________________       _____________                ____________       _____________                            

           n M              SD    M              SD               M               SD            M                SD  

Reading           2 0.00        ---            3.50       2.12 0.00           ---       0.00 --- 

Math          2  0.00        ---              0.50 0.71 0.00          ---         1.00 1.41   

Written Language          4 0.00        ---            0.92 0.41               0.00           ---         0.75 1.50  

Reading & Math          1 0.00        ---            2.00 2.16                  1.00           0.00
 b
       0.00          --- 

Reading & Written Language       4 0.00        ---            1.50     2.38                 0.00          ---      0.50      1.00 

Math & Written Language            2 0.50         0.71             1.50     0.71                 0.00 ---        0.00         --- 

Reading, Math, & Written Lang.  5 0.20         0.45             1.20     0.84                0.00        ---     0.40   0.55 

Other 44              0.18         0.62             2.00       1.66               2.00         1.41       0.41         0.79 
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Table 15 (Cont.) 

 

Means and Standard Deviations for which a Particular Diagnostic Label was Paired with a Particular Type of Accommodation – 

Iowa Sample 

 

 

       Type of Accommodation 

 ______________________________________________________________________________________________ 

LD Diagnosis                        Strategies                          Modified Environment                   Other             

_________________       ____________________                ____________  

           n M           SD         M              SD                M            SD             

Reading           2 3.00      2.83 0.00         ---        1.00       0.00
 b
       

Math          2  4.50      0.71               0.50 0.71 3.00       0.00
 b
         

Written Language          4 2.25      2.22             0.25 0.50               1.00       1.41           

Reading & Math          1 5.00       0.00
 b
               0.00 ---                0.00       --- 

Reading & Written Language       4 2.75       1.71            0.00 ---               0.50       0.58        

Math & Written Language            2 1.00    1.41                  0.00 ---                 1.00       0.00
 b
          

Reading, Math, & Written Lang.  5 2.00       1.87 0.00 ---                0.60       0.89 

Other        44 2.43      1.87               0.39       0.95               0.98       1.41 

Note. Range of Mean was 0 to 5. 
a 
Chi-Square is Statistically Significant (p<.001); 

b 
There was no variability because all ratings were the same.

65 



       

66 

 

Table 16 

 

Diagnostic Label and Recommended Accommodation—Iowa Sample 

 

 

Accommodation Type Percentage Range of all Diagnostic Categories 

Recommended to Receive Accommodation Type 

Auditory 0 - 100% 

Visual 0 – 100% 

Math  0 – 50% 

Writing 0 – 100% 

Course Substitution    1 – 50% 

Extra Time     0 – 100 % 

Alternate Forms Tests    0 – 100% 

Scheduling     0 – 50% 

Strategies     0 – 8% 

Modified Environment   0 – 50% 

Other      40 – 100% 

______________________________________________________________________________ 
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Iowa Sample. The same question was asked using just 35 to 39 reports that used 

Woodcock-Johnson – R cluster scores and had specific accommodations recommended.  Is the 

severity of the disability related to the extent of the accommodations?  In order to attempt to 

answer this question, academic achievement on the three broad clusters of the Woodcock-

Johnson Tests of Achievement – R were correlated with the coded Levels of Accommodation.  

These correlations (Kendall’s tau) are reported in Table 18.  

Though difficult to find a significant pattern with so few reports, an inverse relationship 

between level of achievement and level of accommodation was predicted.  Again, this prediction 

was based on the assumption that the lower the level of achievement of a student, the greater 

would be the level of accommodation recommended by the examiner.    

 Of the 33 correlations reported, none was statistically significant.  Therefore, there was 

no evidence provided to support the notion that examiners do sometimes relate the extent of 

recommended accommodations to the examinee's level of achievement.  The Iowa data, 

however, had 11 variables (28%) in the same direction and of the same magnitude as the Florida 

data. These correlations accounted for between only 1.8% and 6.1% (for Broad Math and Math 

Accommodations) of the variance.  Two correlations in the positive direction (opposite of that 

predicted) were of similar magnitude to the 11 mentioned above.
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Table 17 

Correlations of Academic Achievement on the Three Broad Clusters on the Woodcock- 

Johnson Achievement – Revised with Extent of Accommodation – Florida Sample 

 

Academic Achievement 

   ______________________________________________________ 

Accommodation Broad Reading            Broad Math        Broad Written Lang. 

 

Auditory -.128** .084**  -.093** 

Visual -.045 .133**  -.072* 

Math  .037 -.009   .019 

Writing -.022  .031  -.214** 

Course Substitution/ 

Test Waiver -.132** -.174**  -.235 

Extra Time -.060  .054  -.039 

Alternate Form -.047  .027   .035 

Scheduling -.219**  .117**  -.191** 

Learning Strategies -.015  .049  -.047 

Modified Environ. -.050  .087*  -.076* 

Other -.130** -.084*  -.117** 

Note. *p<.05; **p<.01 
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Table 18 

Correlations of Academic Achievement on the Three Broad Clusters on the Woodcock-Johnson 

Achievement – Revised with Extent of Accommodation – Iowa Sample 

 

Academic Achievement 

   ______________________________________________________ 

Accommodation Broad Reading            Broad Math        Broad Written Lang. 

 

Auditory -.170 -.201  -.085 

Visual -.210 -.150   .016 

Math  .002 -.246   -.051 

Writing -.058  -.017  -.213 

Course Substitution/ 

Test Waiver  .003   .086  -.077 

Extra Time -.172  -.217  -.200 

Alternate Form -.043   .046   .008 

Scheduling -.172  -.135  -.075 

Learning Strategies -.019   .006   -.023 

Modified Environ.  .121   .003  -.003 

Other  .165   .069   .088 

Note. None of these correlations was significant. 
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CHAPTER 4 

 

DISCUSSION 

 

 

 

 

 The major purposes of this investigation were to develop a factor structure from the 

subtests in the standard LD battery that would assist in describing the construct that has come to 

be called a Learning Disability for college students. Additionally, the relationships between test 

scores and diagnostic labels, diagnostic labels and types of accommodations, and academic 

achievement and extent of accommodations were examined.  All of these questions are discussed 

below. However, first a few issues about the characteristics of the samples are discussed.   

 

 

Florida and Iowa Sample Demographics 

 

 

The Florida sample was made up of students being tested for LD at the Florida State 

University’s testing and evaluation center. Much of the background information reported in this 

paper is concerned with the reports that were used in the PCA and DA. As was mentioned above, 

the following background information was taken from all reports and can be viewed in Appendix 

A. The Iowa sample (all reports from 1996 to 1999) was made up of students receiving services 

at an office for students with disabilities at one private, liberal arts university. As was mentioned 

above the information is shown in Appendix C.  

Psychology graduate students in training evaluated all Florida students (supervised by 

Ph.D., licensed psychologists). Private practice psychologists evaluated most of the Iowa 

students.  Much of the demographic data was only useful in ruling out certain students for use in 

this study. It was not surprising, given that this was archival data, that many questions could not 

be answered because of missing data. However, it was useful in describing how reports are 

written. 

The description of a student’s race was often used in the Iowa reports and rarely in the 

Florida ones. One logical explanation may be that the Florida testing center did not encourage 

such information to be reported; on the other hand, the Iowa reports came out of many different 

psychology practices where race was part of basic information used to describe clients. 

All reports identified gender and age. The Florida male/female ratio was in contrast to the 

Iowa sample, which had more males identified as LD (and at a much younger age). The median 

age of 21 for first identification of LD in Florida (compared to the Iowa’s 13) may be explained 

by the testing center’s being at Florida State University, compared to Iowa students assessment 

being done at various private practices. On the other hand, there seems to be no clear conclusion 

that can be made about the differences between LD students’ genders at each site.  

The Florida sample consisted of a small to medium percentage of reports that gave 
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information on students’ high school achievement (i.e., grades and standardized test scores); 

college achievement (i.e., grades); and college major. Though the percentage of reports was low, 

the number of reports seemed reasonably high enough to have included this information in the 

body of this document. It may have seemed like some good descriptions of LD college students 

could be gleaned.  However, it was very difficult to draw any conclusions because most 

information was self reported to the examiners. Additionally, this information was about the 

student’s academic careers up to the time of testing (most having only enough credit hours to be 

considered freshmen and sophomores). Thus, the data was reported in Appendix B without 

trying to explain the nature of the sample because the meaning of the numbers was not known.  

All Florida reports mentioned language, because the testing center evaluated diverse 

campuses at FSU and TCC. (Most of Iowa reports did not.) Most often English was the language 

used and learned fluently. The few who did not learn English fluently, yet were tested, were not 

diagnosed LD, nor were they used in other analyses in this study. On the other hand, this variable 

may have showed the lack reliability in the background data reported. There were 99% of Florida 

students claiming that they spoke only English. Yet only 93.5% reported speaking only English 

in their homes while being raised. It seems highly unlikely that 5.5% of these students did not, at 

the time of testing, speak another language if another language was being used in the home that 

they were raised. 

The information found in the Iowa reports about comorbid psychological disorders was 

not found in the Florida sample. This was disappointing, given the large overlap with AD/HD 

expected and seen in the Iowa group (amounting to about one-quarter of the students) (DSM-IV-

TR, 2000, p. 50). The Florida testing center was focused on LD evaluation and it seemed less 

important for a student to be diagnosed with comorbid psychological disorders (requiring 

additional testing). The center psychologists knew that the accommodations from the college or 

university would likely be the same with or without the additional diagnosis. On the other hand, 

the evaluator may have suggested further evaluation for AD/HD. This would have shown up in 

this study as a suggested accommodation of “Other.” Such an accommodation was found to be 

recommended in as many as 75% of reports for certain LD diagnoses. 

 

Summary 

 

After examining more than 700 reports from Florida and Iowa (from 1996 to 1999), not 

many conclusions could be based on the background information reported. Most differences in 

the background information were related to what was reported because of the site where the 

psychologists worked. Both sites omitted useful information. Both sites should have had more 

background achievement information reported. This would allow for comparisons between 

classroom and standardized achievement (e.g., ACT and SAT) and the current evaluation. 

Additionally, discussion of other possible DSM diagnoses would help disability service 

professionals decide on appropriate accommodations for the related functional limitations. 

Moreover, other DSM diagnoses may better account for the students’ current problems. A 

discussion of these diagnoses that were “ruled out” would show that other diagnoses were 

considered (even when an individual went to an “LD clinic” for an evaluation).  
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Discussion of the Principal Components Analysis 

 

 

Reasoning for Principal Components Analysis 

 

The component structures extracted from the PCA were from 28 variables taken from 

WAIS-III, Woodcock-Johnson Tests of Achievement – R, and the Woodcock-Johnson Tests of 

Cognitive Ability – R subtests that are commonly found in adult LD batteries. This allowed a 

description of the construct for adult LD diagnosis based on standardized test measures. These 

variables are some of the “tools” psychologists use to assist in the clinical diagnosis of adult LD. 

It is hoped that this investigator can contribute to this continual refining of the definition for 

adult LD. 

 Second, as mentioned in the introduction to this study, practicing psychologists 

apparently use factor analyses from the WAIS-III and Woodcock-Johnson tests both in deriving 

an LD diagnosis and in generating recommended accommodations. In the present study, the 

component structure was extracted from a combination of tests commonly used by examiners, 

not just from individual test batteries. In addition, the principal components were derived from 

the scores of subjects who had been diagnosed as LD. Accordingly, the information provided in 

this analysis for practitioners may help to expand, rather than just mirror, information on factor 

analyses currently in the literature (see Kaufman & Lichtenberger, 1999; Sattler, 1999).  

 Third, most of the reported studies on factor analyses of the Wechsler IQ and the 

Woodcock-Johnson tests were done on children and adolescents (Kaufman, 1990; Sattler, 1990; 

Sattler, 1999). On the other hand, the present data were derived from young adults (i.e., college 

students). This characteristic of the data may also contribute to the clinical usefulness of the 

derived component structure for practitioners. 

 

Component Function Labels 

 

 Principal Component Function Labels (in Table 8) were based on an evaluation of the 

pattern and the magnitude of the correlations between subtest score variables and components 

formed in the PCA completed on the entire Florida sample.  As described by Tabachnick and 

Fidell (2001): 

 The specific goals of PCA . . . are to summarize patterns of correlations among observed 

variables, to reduce a large number of variables to a smaller number of factors, to provide 

an operational definition (a regression equation) for an underlying process by using 

observed variables, or to test a theory about the nature of underlying processes. (pp. 582-

583) 

 The score patterns described here can be seen in Table 7. The number and the label of 

each component are listed before its description in Appendix F. The amount of variance 

accounted for by each component was listed in Table 6. Component 1 accounted for most of the 

variance (12.54%), with each subsequent component accounting for slightly less variance. All 

accounted for a significant amount of variance. Component 7 accounted for the least amount of 

variance (6.83%).  
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How Are College LD Students Different?  – Discussion of Mean Scores 

   

 Table 7 shows the rotated component loadings and Table 8 lists the labels. Table 9 shows 

the means and standard deviations for the total Florida sample of the subtest scores that were 

used to make up the PCA. Using these tables an attempt was made to describe the Florida sample 

in terms of their cognitive and academic characteristics in order to get a clear picture of the 

typical LD student.  

The means and standard deviations were grouped based on the diagnosis an examiner 

gave to the student tested. Thus, a preliminary attempt was made to describe an average student 

given a specific diagnosis. To make all subtest scores comparable, WAIS-R and WAIS-III 

subtest scores were converted to a mean of 100 and a standard deviation of 15.  

The most obvious way to describe the scores across diagnostic category is to say they 

were very close to the Average range when compared to the standardization samples. However, 

information that showed students that scored in the Low Average range and lower (standard 

scores of 89 or lower) and those that scored in the High Average range and higher (standard 

scores of 110 or higher) are useful. For college LD students, High Average scores would be 

evidence that should be qualified to be in a college setting (having better academic abilities than 

the average person). On the other hand, Low Average scores would support the theory that 

students with LD have significant weaknesses. Moreover, recent court rulings state the necessity 

of standard scores being below average for college students to be recognized as having a 

disability under the law (see Rothstein, 2000). 

As can be seen in Table 9, students diagnosed with Reading LD alone, Written Language 

LD alone, and Math and Written Language LD were more likely than the other diagnostic groups 

to have a few subtest scores in the High Average range (and higher). These scores were on 

subtests that measured verbal reasoning and expression and samples of writing in context 

(Kaufman & Lichtenberger, 1999; McGrew, 1994). These three diagnostic groups also tended to 

score in the Low Average range on one subtest that measures spelling and grammar (McGrew, 

1994). On the other hand, students diagnosed with Math LD alone, Reading and Math LD, and 

Reading and Written Language LD were more likely than the other diagnostic groups to have a 

few subtest scores in the Low Average range (with no discernable pattern). Only one of these 

groups (Reading and Written Language LD) had one mean subtest in the High Average range. 

The final two diagnostic categories each had one subtest in the High Average range and one in 

the Low Average range. 

 Can the above patterns be generalized? This Florida sample did show that diagnostic 

groups of students have significant strengths and weaknesses as they should. However, these 

group numbers hide the individual patterns that were more important in determining LD 

diagnosis. The only unusual number came from the diagnostic groups that had Math LD alone or 

as part of other LD diagnoses. These students accounted for more than 80% of all the LD 

diagnoses. This unusually large proportion of an LD subtype seemed to be related to Florida 

State University’s math requirement being met with difficulty (J. Kistner, personal 

communication, October 24, 2003). 

 Even this tentative description should be interpreted with caution because the PCA 

loadings are rotated and, therefore, take advantage of “chance” relationships (see next section). 

Additionally, these students were from one major assessment center. Therefore, unique 
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characteristics of the community college and state university (one mentioned above), as well as 

their students, may be the most important reason students’ assessment scores appeared as they 

did. Furthermore, before they may take junior-level courses, many of these students must pass a 

“proficiency” exam in areas of reading comprehension, mathematics, and written language (if 

they have not already passed a qualifying class or have sufficiently high college entrance 

examination scores). This exam being of such importance may have brought specific groups of 

students in for an evaluation to have this requirement waived (J. May, personal communication, 

February 23, 1999). In future research, a Cluster Analysis may be a reasonable way to capture 

LD subtypes in a college sample. 

 

How Are College LD Students Different?  – Discussion of Component Labels for All 

Diagnostic Groups 

  

 Because the first component accounts for the largest amount of variance, it seems (and 

logically so) that Verbal Knowledge/Ability/Reasoning is the most important component in 

describing LD college students. Four of five subtests were above the standardization sample 

mean (the fifth subtest was close to the mean). This supports the hypothesis that LD college 

students have the ability in areas crucial to all college students who are successful. Their 

weaknesses were seen in more specific areas where students seek accommodations.  

 The second component (accounting for 10.73% of the variance) is a 

Mathematical/Analytical Ability component. Within this component all four subtest scores were 

below their standardization sample means. Therefore, a weakness in math and analytical ability 

describes this sample. The differences between the mean-scores that make up this component are 

quite different from the first one. Thus, these appear to be students who were above average in 

areas important for success in an academic environment; yet they were weak in a core area 

included in most academic majors (i.e., math).   

 The third component (accounting for 9.64% of the variance) is a Word Level 

Reading/Spelling/Phonological Ability component. Of the five subtests, three of the means were 

low and two high when compared to the standardization sample means. The weaknesses appear 

to be in spelling and phonological ability. The stronger scores were seen in subtests measuring 

word level reading and writing simples sentences.  

 The final four components account for about 28% of the variance (and 13 of the 28 

subtests used). However, no clear pattern seemed to emerge. Also, many of the subtest means 

were close to the standardization sample means. Thus, this sample of LD college students 

appears to be characterized by strength in verbal knowledge, ability, and reasoning; word level 

reading; and writing simple sentences. This sample also seemed to be characterized by weakness 

in mathematical and analytical ability, spelling, and phonological ability. All of this information 

should be considered with the same warnings stated in the previous section. 

 

Principal Components Analysis Summary 

 

 PCA, as with all factor analyses, takes advantage of “chance” relationships among 

variables (Tabachnick & Fidell, 2001). Thus, a cross-validation was completed for the PCA on 

two random halves of the Florida sample. After observing highly similar components, these same 

components were extracted from the entire sample.  
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 Using a rotated solution allowed for components that were only minimally correlated 

with each other. This also allowed for labels that were not so ambiguous. This process of 

deriving labels from rotated component scores by a researcher is “…a process that involves art as 

well as science” (Tabachnick & Fidell, 2001, p. 625). Thus, the labels assigned were described 

based on prior factor analytic studies and prior research on LD. It was not expected that every 

psychologist would agree on how to describe each label. Tabachnick and Fidell (2001) also 

described this problem with PCA: 

A second problem with . . . PCA is that, after extraction, there are an infinite number of 

rotations available, all accounting for the same amount of variance in the original data, 

but with the factors defined slightly differently.  The final choice among alternatives 

depends on the researcher's assessment of its interpretability and scientific utility.  In the 

presence of an infinite number of mathematically identical solutions, researchers are 

bound to differ regarding which is best. (p. 583) 

 In this study, interpretation of a component score depended upon trying to understand the 

underlying dimension that was unified by the group of subtests that loaded on it. LD in college 

students is a construct which derives it meaning from a network of variables (standardized tests 

and clinical background information). In this study, the standardized test variables were entered 

into the PCA, which assisted in helping complete the picture of what we mean by the term LD 

for college students. Psychologists, in making LD diagnoses, want to avoid interpreting 

(individual) chance, low subtest scores. These clinicians depend on informal factor structure 

patterns to determine real strengths and weaknesses leading to a diagnosis of LD. 

 

 

Relationships between Test Results and Diagnostic Labels 

 

 

 The second major question raised in this investigation had to do with the relationships 

among test variables and diagnostic labels.  As mentioned in the introduction of this paper, for a 

diagnostic report to be useful in qualifying a student with LD for services under the law, there 

first must be a diagnosis (usually DSM-IV-TR).   

The clinical experience of this investigator, as well as interviews with other professionals 

who have performed learning disability evaluations for many years (see Acknowledgment page), 

suggests strongly that clinicians do rely largely on the pattern of test scores in arriving at a 

diagnosis.  Patterns of scores are evaluated subjectively, using subtest content, cluster scores, and 

information from factor analytic studies on individual tests to determine strengths and 

weaknesses.  There have been, however, no systematic studies suggesting what high versus low 

scores on different tests would lead to differential diagnoses.  

In the present study, the assumption that test scores play a significant role in the 

rendering of diagnoses was tested through a Discriminant Function Analysis (DA).  Subjects 

were assigned to the eight diagnostic categories (the DV) based on the seven factor (component) 

scores (the IV) discussed above.  The accuracy of classification, as reflected in the two cross-

validation samples (54.6% and 54.7%) and the entire data set (56.2%) (all three significant at      

p < .000) supports the idea that test scores did play a significant role in the determination of LD 

diagnoses.   
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 If the examiners had used only test scores in making their diagnoses, extraneous variance 

would presumably have been less, and the percentage of cases correctly classified by the DA 

would likely have been higher.  However, as mentioned in the introduction to this investigation, 

much more than test scores make up LD diagnoses.  The model advocated by Gregg (1994) and 

Hoy et al. (1996) integrates quantitative data, qualitative data, self-reported background 

information, and clinical judgment in the determination of learning disabilities.  Lorry (1998) 

stated that it is essential for the examiner to obtain detailed educational, medical, and family 

history, too.  Also, current symptoms of the learning disability must be related to problems that 

impact college-level classes, and poor study skills and lack of background must be ruled out. 

Brinkerhoff et al. (2002) insist that a diagnostician evaluating adult learning disabilities have 

some background in adult developmental theory in order to differentiate difficulties that may be 

due to normal developmental issues from a learning disability. All of these factors may play a 

role in what might be called "clinical judgment."   

Furthermore, the literature is clear in emphasizing the importance of clinical judgment in 

the rendering of an LD diagnosis. The NJCLD (1997) states that test scores alone are not 

adequate, and that a critical component in making such a diagnosis is professional judgment.  

Even the courts have recognized the importance of clinical judgment in the diagnosis of LD in 

students in postsecondary institutions (Simon, 2001, p. 11).   

Interviews with examiners indicate that these sources of information do, indeed, 

contribute to the diagnostic decisions in LD evaluations.  All of these sources of information, 

even though they might play a legitimate and important role in LD diagnoses, would be ascribed 

to extraneous variance in the DA performed and reported here and would, accordingly, decrease 

the classification accuracy performed by the DA.   

In addition, there are perhaps sources of variance that might be considered "true error," 

that is, error that relates to examiner variables rather than to information available to all 

examiners.  Such variables may relate to the experience and training of the examiner 

(Brinkerhoff et al., 1993, p. 9), to the ability of the examiner to sort through and process the large 

amount of data that goes into an LD evaluation, and even to the motivations of examiners to 

“massage the data” a bit in order to help a struggling student.  In view of this large number of 

variables that must have contributed to "extraneous and error variance" in the Discriminant 

Function Analysis, the significant classification across eight LD diagnostic categories becomes 

even more salient.  In addition, it is possible that the overlap of the eight diagnostic categories 

(e.g., Reading and Math LD; Math and Written Language LD; Reading and Math and Written 

Language LD; and LD Unspecified) would have also worked against correct classification.  

 In summary, it can be concluded that the test scores alone played a major role in the rendering of 

LD diagnoses (56.2% classified accurately).  This percentage is likely to be increased in future studies if 

developmental, educational, and other background variables can be coded and entered into analyses.  

Also, in a population with more "pure" LD diagnoses, the percentage of cases accurately classified 

might be greater. 

 

 Disability and Recommended Accommodations 

 

 

 There is no literature indicating that the extent of accommodations recommended is 

related to the level of disability indicated by testing; however, it seems reasonable that such a 
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relationship might be predicted.  In the present investigation, this prediction was tested by 

correlating levels of achievement on the three broad clusters of the Woodcock-Johnson Tests of 

Achievement – R with the coded Extent of Accommodation (see coding form in Appendix G).  

In the Florida sample, this prediction received some support from the finding that 39% of 

the 33 correlations obtained between achievement levels and extent of accommodations were 

both significant and in the predicted direction.  However, the largest of these correlations 

accounted for only 5.5% of the variance.  In the Iowa sample, the same correlation matrix was 

generated on the 35 reports that used a Wechsler IQ test and all the Woodcock-Johnson – R 

cluster scores.  Of the 33 correlations reported, none was statistically significant.   

Even if the correlations are reliable and generalizable to other settings, the amount of 

variance accounted for by them is so small that any interpretation of the meaning of such 

relationships is unwarranted. What could be some possible reasons for the lack of reliable 

relationships? 

1. This was a unique coding system attempting to quantify the “amount” or “extent” of 

accommodations being suggested for college students diagnosed with LD. The author 

and a long-time colleague (in the area of college LD) developed this system. Our own 

experiences (and biases) may have limited the construct validity of this concept of 

“extent of accommodations.” 

2. The attempt to correlate severity of LD with extent of accommodations may not have 

been the best way to test the construct. It seems to be more common for severity of 

adult LD to be described by poor academic achievement (Simon, 2001). However, the 

amount of accommodations suggested (and received) may be independent of the 

numbers related to poor academic achievement. The quality of an accommodation 

type may be more important than the amount. 

3. Though generalization was attempted with the Iowa sample, so few reports had all the 

needed subtest scores. Thus, the only real attempt to find significant relationships 

could have come from the Florida reports. Because these Florida reports come from 

one unique assessment center, the tendency to choose typical accommodations may 

have occurred (independent of each student’s subtest scores). I’m certain all students 

tested were given recommendations based on their unique situations. However, some 

examiners may become dependent on the university’s disability office selecting 

needed accommodations (E. Berler, personal communication, October 24, 2003). 
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CONCLUSION 

 

 

 

  

Reports on college and university students tested for Learning Disabilities in a Florida 

facility and in an Iowa disability services office were selected for this investigation based on 

their meeting the requirements for LD testing put forth by the Association on Higher Education 

and Disability (AHEAD) (1997).  From the Florida sample, 28 subtest scores from the WAIS-R 

or WAIS-III, the Woodcock-Johnson Tests of Achievement – R, and the Woodcock-Johnson 

Tests of Cognitive Ability-R were entered into a Principal Components Analysis from which 

seven components were extracted.  These components were examined for their loadings on the 

array of tests included in the battery and were discussed in terms of their relationships to other 

factor analytic and theoretical analyses of mental ability tests.   A Discriminant Function 

Analysis correctly classified 56.2% of original grouped cases, thus providing support for the 

existence of a relationship between test scores and LD diagnostic labels assigned by examiners.   

For both the Florida and Iowa samples, recommended accommodations were coded by "Type of 

Accommodation" and "Extent of Accommodation."  Analyses showed that some types of 

accommodation were frequently recommended regardless of LD diagnosis, some types of 

accommodation were rarely recommended regardless of LD diagnosis, and some 

accommodations fit an expected match between type of accommodation and LD diagnosis.  

Analyses failed to produce convincing evidence that the level of an examinee's achievement was 

a significant variable considered by examiners in their recommended “Extent of 

Accommodations.”  

The value of this study may lie in (a) helping clinicians and clinical scientists to gain a 

better picture of the factor structure in the typical LD battery, (b) adding to our understanding of 

what is meant by the term "Learning Disability" as applied to young adults/college students, (c) 

assisting in the diagnosis of Learning Disabilities in the population studied, and (d) matching 

various accommodations with LD diagnoses.  In addition, this study may encourage post-

secondary institutions to adopt standard procedures.  McGuire, Madaus, Litt, and Ramirez (1996) 

pointed out that procedures and tests used to document LD at the university level are very 

uneven.  Sparks, Philips, Ganschow, and Javorsky (1999) stated that "there is still great 

variability in the manner in which universities and Disabled Student Service professionals use 

[the AHEAD] guidelines and in the types of eligibility criteria that other professionals use to 

diagnose LD" (p. 21).  The large number of reports that did not meet the requirements for 

analysis supports the observations of these researchers.  One would hope for more consistency in 

documentation both within and across institutions.  As more research is generated, such 

consistency is necessary if service providers are to apply the results of such research.    
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Caution in the Interpretation of Results 

 

 This investigation focused on test scores as they related to the factor (component) 

structure that helps to define LD. It also focused on LD diagnoses and recommended 

accommodations. However, as mentioned above, much more goes into an LD evaluation than 

test scores.  Academic history, grades, classes repeated, and study skills must be considered.  

Socio-economic status during one's formative years can play an important role in determining 

role models as well as educational opportunities. Medical and developmental information is of 

paramount importance in differential diagnosis of a learning disability from other conditions that 

may reflect similar educational problems. The examiner must also appraise the examinee's 

motivation to do well both in the testing situation and in the examinee's classes.  All of these 

factors are subjected to the clinical judgment of the examiner, both in the determination of an LD 

diagnosis and in the formation of recommended accommodations. The test scores that were 

entered into analyses accounted for a substantial proportion of the variance in diagnoses and 

accommodations; however, the reader is cautioned to recognize that much of the variance, 

although presumed to be systematic, was unaccounted for in these analyses.      

  

Generalization of Results 

 

 Because of the limited number of reports from Iowa that met the criteria for inclusion in 

this study, tests of generalization of the Principal Components Analysis and Discriminant 

Function Analysis were not possible from the Florida setting to the Iowa setting.   However, 

given the large n of the Florida Sample, and the fact that reports were selected based on meeting 

the requirements for LD testing put forth by AHEAD, one would suspect that the results may 

generalize beyond the Florida facility.  Hatzes et al. (2002), in a survey of 73 disability service 

providers across the United States, reported that "most institutions reported having 

documentation guidelines that were adapted from those published by AHEAD" (p. 37); thus, if it 

can be assumed that the institutions surveyed by Hatzes and his colleagues were representative of 

those within the United States, the generalization of the results of this investigation may be quite 

broad.   

 However, caution in generalization is called for by the fact that a cross-section of 

examiners was neither sought nor obtained.  At the university service from which the Florida 

reports were selected, examiners were not only close-knit in their professional relationships, but 

they also had received similar training and supervision.  

 A further caution in generalization is based on the fact that the LD test batteries used in 

this investigation contained the Woodcock-Johnson – R, which in 2001 was replaced by the 

Woodcock-Johnson III (Woodcock, McGrew & Mather, 2001).  It is the impression of this writer 

that the Woodcock-Johnson III is dissimilar to the Woodcock-Johnson – R in ways that might 

limit the generalization of the results obtained in this investigation to examinations using the 

newer version of the Woodcock-Johnson.  

 

Future Directions for Research   

 

 The identification of Learning Disabilities in adults is a relatively new area of concern for 

educators and mental health professionals; accordingly, the need for continuing and expanding 
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research is strong.  The present study only scratched the surface in the area of validity of 

diagnoses and accommodations.  There is a need for future research that will focus not only on 

test scores but also on all of the other sources of information that enter into LD evaluations, for 

example those variables listed above that enter into clinical judgment.   

 There is a need for reliability studies.  One wonders what would happen if sets of scores, 

or sets of scores plus other clinical, educational and background information were submitted to 

multiple examiners for both diagnoses and recommendations for accommodations.   

   Although some surveys have been done to find out what tests are being used in various 

settings, future surveys are to be strongly encouraged.  Questions of etiology beg for attention, as 

do evaluations of whether or not recommended accommodations actually affect student 

performance.   

The clinical and legal importance of identifying and serving Learning Disabled college 

students makes research in this area of paramount importance.  It is the hope of this investigator 

that the study here reported will contribute to our knowledge base about Learning Disabilities in 

college and university students and will also encourage future research projects.   
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APPPENDIX A 

 

 

DEMOGRAPHIC INFORMATION OF FLORIDA SAMPLE WITHOUT EXCLUSIONS 

 

 

Table 19 

 

Demographics    Florida     

% Males    46.2 (n = 600)    

 

Mdn Age at Evaluation  21 (n = 600)    

 

M Grade at Evaluation  14.6 (n = 476)    

 

M Age LD Identified   21.0 (n = 566)    

 

% Race/ethnicity 

 

Black     5 (n = 30)    

 

Hispanic    2.5 (n = 15)    

 

White     20.5 (n = 123)    

 

Other     1.3 (n = 8)  

 

Achievement 

 

M High School GPA   2.87 (n= 253)   

     

M College GPA   2.48 (n = 204)   

 

M ACT Composite   20.21 (n = 161)  

 

M ACT Reading    22.02 (n = 154)  

 

M ACT Math    18.32 (n = 159)  

 

M SAT Verbal    508.14 (n = 236)   

 

M SAT Math    470.89 (n = 236)  
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Table 19 (Cont.) 

 

% College Major  

 

Arts Music Theater   9.8 (n = 59)    

 

Business Math    .2 (n = 1)    

 

Business Administration  6.5 (n = 39)    

 

Accounting/Economics  .3 (n = 2)    

 

Communications/Advertising  2.2 (n = 13)   

 

Elementary/Secondary Education 3.7 (n = 22)   

 

Health Sciences   2 (n = 12)    

 

Liberal Arts History   7 (n = 42)   

 

Physical Education   .7 (n = 4)  

 

Science    .2 (n = 1)   

 

Natural Sciences Math  4.8 (n = 29)   

 

Social Sciences   21.5 (n = 129)    

 

Graduate Studies   1.3 (n = 8)   

 

% First Language Learned 

 

English    91.7 (n = 550)  

 

Spanish    5.3 (n = 32)  

 

French-Creole    1 (n = 6)    

 

German     .3 (n = 2)    

 

Chinese Dialect   .2 (n = 1)    

 

Arabic Language   .3 (n = 2)    

 

Other     1.2 (n = 7) 
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Table 19 (Cont.) 

 

% Other Languages Learned 

Fluently 

 

None other than English  99 (n = 594)    

 

Spanish in Addition   .5 (n = 3)    

 

Other     .5 (n = 3)   

 

% Language Spoken in Home 

 

Growing Up 

 

English Only    93.5 (n = 561)   

 

Spanish Only    1 (n = 6)    

 

French/Creole Only   .3 (n = 2)    

 

Other Only    .7 (n = 4)    

 

English and Other   .8 (n = 5)    
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APPENDIX B 

 

OTHER BACKGROUND DEMOGRAPHIC INFORMATION OF SAMPLES WITHOUT 

EXCLUSIONS 

 

Table 20 

 

Test Scores    Florida    Iowa  

 

M ACT Composite   20.21 (n = 161)  18.66 (n = 32)  

 

M ACT Reading    22.02 (n = 154)  18.17 (n = 6) 

 

M ACT Math    18.32 (n = 159)  16.50 (n = 6) 

 

M SAT Verbal    508.14 (n = 236)  340 (n = 1) 

 

M SAT Math    470.89 (n = 236)  290 (n = 1) 

 

% College Major  

 

Arts Music Theater   9.8 (n = 59)   ---- 

 

Business Math    .2 (n = 1)   .8 (n = 1) 

 

Business Administration  6.5 (n = 39)   2.5 (n = 3) 

Accounting/Economics  .3 (n = 2)   ---- 

 

Communications/Advertising  2.2 (n = 13)   ---- 

 

Elementary/Secondary Education 3.7 (n = 22)   5 (n = 6) 

 

Health Sciences   2 (n = 12)   3.4 (n = 4)  

 

Liberal Arts History   7 (n = 42)   1.7 (n = 2) 

 

Physical Education   .7 (n = 4)   .8 (n = 1) 

 

Science    .2 (n = 1)   ---- 

 

Natural Sciences Math  4.8 (n = 29)   .8 (n = 1) 

 

Social Sciences   21.5 (n = 129)   4.2 (n = 5) 

 

Graduate Studies   1.3 (n = 8)   ---- 
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Table 20 (Cont.) 

 

% First Language Learned 

 

English    91.7 (n = 550)   99.2 (n = 118) 

 

Spanish    5.3 (n = 32)   ---- 

 

French-Creole    1 (n = 6)   ---- 

 

German     .3 (n = 2)   ---- 

 

Chinese Dialect   .2 (n = 1)   ---- 

 

Arabic Language   .3 (n = 2)   ---- 

 

Other     1.2 (n = 7)   ---- 

 

% Other Languages Learned 

Fluently 

 

None other than English  99 (n = 594)   98.3 (n = 117) 

 

Spanish in Addition   .5 (n = 3)   ---- 

 

Other     .5 (n = 3)   ---- 

 

% Language Spoken in Home 

Growing Up 

 

English Only    93.5 (n = 561)   98.3 (n = 117) 

 

Spanish Only    1 (n = 6)   ---- 

 

French/Creole Only   .3 (n = 2)   ---- 

 

Other Only    .7 (n = 4)   ---- 

 

English and Other   .8 (n = 5)   ---- 
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APPENDIX C 

 

COMPARISON OF IOWA REPORTS FROM YEARS 1988 TO 1995 AND 1996 TO 1999 

Table 21 

Variables    1988-1995   1996-1999 

 

% Males    53.6 (n = 55)   55.5 (n = 66) 

 

Mdn Age at Evaluation  17 (n = 99)   18 (n = 116) 

 

M Grade at Evaluation  11.4 (n = 84)   12.1 (n = 99) 

 

M Age LD Identified   13.4 (n = 53)   12.4 (n = 44) 

 

% Race/ethnicity 

 

Black     1 (n = 1)   .8 (n = 1) 

 

Hispanic    1 (n = 1)   1.7 (n = 2) 

 

White     62.7 (n = 64)   67.2 (n = 80) 

 

Other     1 (n = 1)   ---- 

 

Achievement 

 

M High School GPA   2.33 (n = 50)   2.58 (n = 43) 

     

M College GPA   2.49 (n = 29)   2. 66 (n = 51) 

 

M ACT Composite    17.7 (n = 37)   18.66 (n = 32) 

 

M ACT Reading    17.89 (n = 18)   18.17 (n = 6) 

 

M ACT Math    15.47 (n = 19)    16.5 (n = 6) 

 

M SAT Verbal    400 (n = 1)   340 (n = 1) 

 

M SAT Math    290 (n = 1)   290 (n = 1) 
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Table 21 (Cont.) 

 

% College Major  

 

Business Math    ----    .8 (n = 1) 

 

Business Administration  5.9 (n = 6)   2.5 (n = 3) 

 

Communications/Advertising  2.9 (n = 3)   ---- 

 

Elementary/Secondary Education 5.9 (n = 6)   5 (n = 6) 

 

Health Sciences   2.9 (n = 3)   3.4 (n = 4)  

 

Liberal Arts History   ----    1.7 (n = 2) 

 

Physical Education   2.9 (n = 3)   .8 (n = 1) 

 

Natural Sciences Math  6.9 (n = 7)   .8 (n = 1) 

 

Social Sciences   6.9 (n = 7)    4.2 (n = 5) 

 

English Philosophy   ----    1.7 (n = 2)  

 

Mdn Number of Tests   4 (n = 102)   3 (n = 119)  

Administered   

 

% Type of IQ Test Given 

 

WAIS – R    61.8 (n = 63)   32.8 (n = 39) 

 

WAIS- III    1 (n = 1)   42.9 (n = 51) 

 

WISC – R    11.8 (n = 12)   2.5 (n = 3) 

 

WISC- III    14.7 (n = 15)   14.3 (n = 17) 

 

SB-IV     ----    .8 (n = 1) 

 

Other      2.9 (n = 3)   1.7 (n = 2)  
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Table 21 (Cont.) 

 

Assessment Scores 

 

M Full Scale IQ   97.8 (n = 83)   99.6 (n = 101) 

 

M Verbal IQ    96.8 (n = 84)   99.5 (n = 105)  

 

M Performance IQ   100.2 (n = 84)   100 (n = 103)  

 

M Verbal Comprehension  97.2 (n = 10)   102.8 (n = 45) 

 

M Perceptual Organization  101 (n = 9)   96.8 (n = 46) 

 

M Working Memory   94 (n = 8)   88.9 (n = 37)  

 

M Processing Speed    97 (n = 5)   92.4 (n = 32) 

 

% Type of Achievement Tests 

Given 

 

WJ-R     63.7 (n = 65)   58 (n = 69) 

 

WRAT-III    4.9 (n = 5)   8.4 (n = 10) 

 

WIAT     4.9 (n = 5)   15.1 (n = 18) 

 

Other     12.7 (n = 13)   6.7 (n = 8) 

 

None     12.7 (n = 13)   10.9 (n = 13)  

 

% Type of Information Processing  

Tests Given 

 

WJ-R Cognitive Only   8.8 (n = 9)   20.2 (n = 24) 

 

WJ-R Cognitive/SB-IV QR  2 (n = 2)   3.4 (n = 4) 

 

WMS – R or III   4.9 (n = 5)   1.7 (n = 2) 

 

Other     4.9 (n = 5)   3.4 (n = 4) 

 

None      79.4 (n = 81)   71.4 (n = 85) 
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Table 21 (Cont.) 

 

Test Scores 

 

M Broad Reading Cluster  94.1 (n = 52)   95.4 (n = 67)  

 

M Broad Math Cluster  92.2 (n = 49)   94 (n = 62)  

 

M Broad Written Lang  91.7 (n = 50)   88.7 (n = 60)   

 

M Long Term Retrieval Cluster 95.7 (n = 8)   91.8 (n = 8) 

 

M Short Term Memory Cluster 110.3 (n = 8)   90.5 (n = 10) 

 

M Processing Speed Cluster  89.2 (n = 8)   88.8 (n = 13)  

 

M Auditory Processing Cluster 95.4 (n = 7)   85.5 (n = 11) 

 

M Visual Processing Cluster  105.2 (n = 8)   100.7 (n = 12) 

 

M Fluid Reasoning Cluster  102.1 (n = 6)    104. 8 (n = 7) 

 

% Learning Disability Diagnosis 

 

No LD     1 (n = 1)   4.2 (n = 5) 

 

Reading LD    5.9 (n = 6)   5.9 (n = 7) 

 

Math LD    2.9 (n = 3)   4.2 (n = 5) 

 

Written Language LD   4.9 (n = 5)   5 (n = 6) 

 

Reading & Math LD   ----    1.7 (n = 2) 

 

Reading & Written LD  13.7 (n = 14)   5.9 (n = 7)  

 

Math & Written LD   1 (n = 1)   3.4 (n = 4) 

 

Reading, Math & Written LD  1 (n = 1)   5 (n = 6) 

 

Other or Unspecified LD  68.6 (n = 70)   64.1 (n = 75) 

 

 

 

 



       

90 

Table 21 (Cont.) 

 

% Psychological Diagnoses 

 

No Psychological Diagnoses  81.4 (n = 83)   68.9 (n = 82) 

 

Anxiety Disorders   2 (n = 2)   .8 (n = 1) 

 

Mood Disorders   3.9 (n = 4)   .8 (n = 1) 

 

Anxiety & Mood Disorder  1 (n = 1)   2.5 (n = 3) 

 

Psychotic Disorder   ----    .8 (n = 1) 

 

Other Diagnosis   11.8 (n = 12)   25.2 (n = 30) 

 

% Head Injuries 

 

No Head Injuries    95.1 (n = 97)   98.3 (n = 99.2) 

 

One Concussion/Unconscious 1 (n = 1)   .8 (n = 1) 

 

More Concussion/Unconscious 1 (n = 1)   ---- 

 

Other Head Injuries    2.9 (n = 3)   ---- 

 

% Other Problem Impacting 

Learning 

 

No Other Problems   91.2 (n = 93)   95 (n = 113) 

 

One Other Problem   6.9 (n = 7)   4.2 (n = 5) 

 

More than One Problem  1 (n = 1)   ---- 

 

% First Language Learned 

 

English    100 (n = 102)   99.2 (n = 118) 

 

% Other Language Learned Fluently 

 

No Other than English  100 (n = 102)   98.3 (n = 117)  
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Table 21 (Cont.) 

 

% Language Spoken in Home  

Growing Up  

 

English Only    100 (n = 102)   99.2 (n = 118)  

 

% Scholarship Athlete   0 (n = 102)   1.7 (n = 2)  



       

APPENDIX D 

DISCRIMINANT FUNCTION RESULTS FOR FIRST RANDOM HALF OF FLORIDA DATA-- PERCENTAGE OF 

CASES CLASSIFIED CORRECTLY 

  

Table 22 

 

Original Groups                      Predicted Group Memberships 

________________                                                      _________________________________________________________________ 

 

Learning Disability         n    Reading LD  Math LD Written Lang. LD     Reading & Math LD 

 

 

Reading  9 22.2 11.1 .0 .0 

Math  65 .0 72.3 .0 .0 

Written Lang. 10 10.0 20.0 20.0 .0 

Reading & Math 3 100.0 0.0 .0 .0 

Reading & Written Lang. 18 5.6 22.2 .0 .0    

Math & Written Lang. 79 1.3 22.2 .0 .0  

 

Reading, Math, & Writ. Lang 25 .0 12.0 .0 .0 

Other or Unspecified  9 .0 11.1 .0 .0 

Ungrouped Cases 3 .0 33.3 .0 .0 
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Table 22 (Cont.)   

 

 

Original Groups                      Predicted Group Memberships 

________________             ________________________________________________________________________________ 

  

Learning Disability             n   Reading & Written      Math & Writ. Lang.      Reading, Math & Written Other or  

  Language          Unspecified 

____________________________________________________________________________________________________________ 

 

Reading  9 11.1 55.6  .0 .0 

Math  65 1.5 26.2                                           .0   .0 

Written Lang. 10 20.0 30.0  .0                 .0 

Reading & Math 3 .0 .0               .0                             .0 

Reading & Written Lang. 18 44.4 27.8               .0            .0  

Math & Written Lang. 79 3.8 67.1               2.5                 .0  

 

Reading, Math & Written Lang.   25 8.0 68.0                                          12.0                          .0 

Other or Unspecified  9 .0 44.4               .0                 44.4 

Ungrouped Cases 3 .0 66.7               .0                  .0 
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Table 22 (Cont.) 

  

 

Original Groups                      Predicted Group Memberships 

________________                                                      _________________________________________________________________ 

 

Learning Disability         n    Reading LD  Math LD Written Lang. LD     Reading & Math LD 

 

 

Reading  5 .0 60.0 20.0 .0 

Math  67 .0 62.7 1.5 .0 

Written Lang. 8 .0 25.0 50.0 .0 

Reading & Math 8 .0 62.5 .0 .0 

Reading & Written Lang. 15 .0 20.0 .0 .0 

Math & Written Lang. 81 .0 18.5 2.5 .0  

 

Reading, Math, & Writ. Lang 29 .0 3.4 .0 .0 

Other or Unspecified  10 .0 30.0 .0 .0 

Ungrouped Cases 3 .0 33.3 .0 .0 

____________________________________________________________________________________________________________ 
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Table 22 (Cont.) 

  

 

Original Groups                      Predicted Group Memberships 

________________             ____________________________________________________________________________________ 

 

Learning Disability         n            Reading & Written        Math & Writ. Lang.    Reading, Math & Written      Other or 

                                                                      Language                                                                                                          Unspecified 

____________________________________________________________________________________________________________ 

 

Reading  5 .0  .0 20.0  .0 

Math  67                 1.5  32.8 .0   1.5 

Written Lang.                               8                 .0                         25.0                        .0                     .0 

Reading & Math        8                 12.5                                     25.0                            .0                              .0 

Reading & Written Lang.       15                 53.3                                     13.3                            13.3          .0 

Math & Written Lang.                  81                 3.7                                       69.1                            3.7                            2.5 

 

Reading, Math, & Writ. Lang       29      3.4                                     58.6                            34.5                          .0 

Other or Unspecified                    10                 20.0    20.0   10.0          .0 

Ungrouped Cases        3      .0    66.7   .0   .0 

____________________________________________________________________________________________________________ 
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APPENDIX E 

 

CHI-SQUARE TEST RESULTS FOR LD TYPE BY ACCOMMODATION TYPE 

 

Table 23 

 

Florida 

Accommodation Type   χ2 
Values df Significance    

 

Auditory 140.98 40 p < .001   

Visual 49.67 24 p < .01 

Math Skills 18.05 16 p = .321 

Writing or Handwriting 380.72 32 p < .001 

Course or Test Substitution/Waiver 542.96 40 p < .001 

Extra Time on Exams/Assignments 45.76 40 p = .245 

Alternate Form Examinations 40.77 24 p < .01 

Scheduling  263.73 40 p < .001 

Learning Strategies 50.40 40 p = .126 

Modified Learning/Testing  32.20 16 p < .01 

Environment 

Other 34.30 32 p = .358 

 

Iowa  

Accommodation Type   χ2 
Values df Significance    

 

Auditory 15.49 21 p = .798   

Visual 50.45 21 p < .001 

Math Skills 5.75 14 p = .972 

Writing or Handwriting 40.67 35 p = .235 

Course or Test Substitution/Waiver 14.34 21 p = .855 

Extra Time on Exams/Assignments 21.06 28 p = .823 

Alternate Form Examinations 13.73 21 p = .881 

Scheduling  18.92 21 p = .591 

Learning Strategies 23.71 35 p = .926 

Modified Learning/Testing  7.72 21 p = .996 

Environment 

Other 35.04 28 p = .169 
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APPENDIX F 

REASONS FOR LABELS OF EACH COMPONENT 

 Component 1/Verbal Knowledge/Ability/Reasoning. This component is similar to 

“Crystallized Intelligence” as described in McGrew (1994) as the “…broad mental ability that 

develops through ‘investment’ or general intelligence into learning through education and 

experience” (p. 37). McGrew (1994) has described a similar factor structure in the Woodcock-

Johnson Tests of Cognitive Ability – R standardization sample for “Comprehension-

Knowledge,” and others have described a similar type of factor in the theories of intelligence 

(Carroll, 1993; Horn, 1991; Sattler, 1999).  

 This component was most heavily weighted (accounting for 39.7% to 64.6% of variance) 

by the WAIS-III Vocabulary, Similarities, Information, and Comprehension subtests. Not 

surprisingly, these four subtests also formed the Verbal Comprehension factor in the WAIS-III 

standardization sample for ages 16 to 24 and 34 to 44. In the overall WAIS-III standardization 

group, the Comprehension subtest is not included in the Verbal Comprehension Index score.  

 In this study the two subtests that were most heavily weighted on this component were 

Vocabulary (64.6%) and Information (59.3%) from the WAIS-III. These subtests are measures 

of verbal ability or knowledge but not reasoning (Sattler, 1999). Additionally, these subtests are 

most highly correlated with school learning and cultural opportunities (Kaufman & 

Lichtenberger, 1999). On the other hand, the two other subtests loaded on this component that 

were from the WAIS-III (Similarities accounting for 39.7% of variance and Comprehension 

accounting for 54.6% of variance) not only require verbal ability, but also require an individual 

to use verbal reasoning. The Similarities subtest requires logical abstractive thinking, and the 

Comprehension subtest requires verbal demonstration of practical information and evaluation of 

past experiences (Kaufman & Lichtenberger, 1999). 

 In this Florida LD sample, the Passage Comprehension subtest of the Woodcock-Johnson 

Tests of Achievement – R (accounting for 23.8% of variance) also loaded highly on this 

component. Although not accounting for a similar amount of variance as the other four subtests, 

this Woodcock-Johnson Tests of Achievement – R subtest was most heavily loaded on this 

component. Additionally, this reading comprehension measure most logically fits with the 

Verbal Knowledge/Ability/Reasoning component.  This was a mostly young group of students 

who were attempting to display their verbal knowledge. 

 Component 2/Mathematical/Analytical Ability. This component, similar to “Fluid 

Intelligence,” is described as the “…broad ability to reason” (Carroll, 1993; Horn, 1991).  Others 

(McGrew, 1994; Woodcock, 1993) describe this “Novel Reasoning” or “Fluid Reasoning” as 

“…the many different mental operations that an individual may use when faced with a relatively 

novel task that cannot be performed automatically” (p. 35). With this Florida LD sample, 

however, the Woodcock-Johnson Tests of Cognitive Ability – R Fluid Reasoning Cluster 

subtests were loaded with math calculations and math “word” problems from the Woodcock-

Johnson Tests of Achievement – R Mathematics Cluster and the Arithmetic subtest from the 

WAIS-III. The two highest loadings of these five subtests (which each accounted for 31.1% to 

64.3% of variance) were made up of the math achievement scores (both accounting for about the 

same 60% of the variance in this component).  
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 The main components of the Woodcock-Johnson Tests of Cognitive Ability – R Fluid 

Reasoning Cluster subtests are made up of symbolic (figural) stimuli that are novel to the tests 

(Mather, Wendling, & Woodcock, 2001). Thus, it was not surprising that mathematics tasks, 

many based on symbolic, visual stimuli, would load on the same component. However, the 

Arithmetic subtest on the WAIS-III measures short-term auditory memory (Kaufman & 

Lichtenberger, 1999), and it was surprising to see that it accounted for 36.7% of variance on this 

component. The only similarity between this subtest and the other four is that mathematical 

operations are involved (although math is much simpler on this subtest).  

 Additionally, the psychologist supervising many of these Florida assessment reports 

considered the Fluid Reasoning Cluster score to be a very important “marker” for students to be 

diagnosed with a Math Disability (J. May, personal communication, February 23, 1999). This 

was not the only factor considered, however; low scores on subtests measuring this type of 

reasoning made up one piece of evidence that led to this diagnosis. 

 Component 3/Word Level Reading/Spelling/Phonological Ability. This component is 

similar to the Broad Auditory Perception described by Carroll (1993) and the Broad Auditory 

Processing by Horn (1991) as “…the ability to comprehend, analyze, and synthesize patterns 

among auditory stimuli” (p. 44). For these theories, the comprehension of language was not 

required. In this component for the Florida LD sample, however, comprehension of language 

seemed to cluster with this ability to process sounds. That is, loadings on language achievement 

were nearly as high as those for the more “pure” sound discrimination subtests (accounting for 

29.5% to 46.1% of variance).  

 For this sample it appeared that achievement in spelling and simple written language 

correlated highly with the ability to discriminate sounds. This suggested that spelling and writing 

achievement was related to these students’ ability to discriminate between sounds and single 

words. This result should not be surprising. Studies with LD children show that the ability to 

discriminate between sounds is crucial for reading readiness and writing ability (Torgesen, 

2002).  

 Component 4/Processing Speed. This component appeared to be close to a pure 

measure of Processing Speed as seen in the WAIS-III or Woodcock-Johnson Tests of Cognitive 

Ability – R. It has also been described as Broad Cognitive Speediness (Carroll, 1993) and 

Cognitive Processing Speed (Horn, 1991). These tasks require an individual to visually process 

or memorize symbols quickly (requiring focused attention and concentration) and produce the 

symbols on paper. This requires good short-term visual memory and/or good fine-motor speed 

(Sattler, 1999).  Of the three subtests, the two that accounted for the most variance required more 

motor ability than the third subtest that required a decision of yes/no after making a visual 

observation. However, all three accounted for a relatively large amount of variance (ranging 

from 47.9% to 69.2%). 

 This fourth component was the “cleanest” component seen in the PCA, accounting for 

7.84% of the variance in the PCA. No other components came close to the loadings seen for 

these subtests and no other subtests loaded very highly on this component. This suggested that 

the Florida LD sample is similar to what would be found in a non-LD group. This could mean 

that Processing Speed is not important for differentiating LD from non-LD; however, this could 

have been caused by this Florida LD sample is not having all the Processing Speed subtests used 

(i.e., most reports did not report the Processing Speed Index from the WAIS-III, because only 
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one such subtest was given for most students). 

 Component 5/Short-Term Verbal Memory. This component had three subtests that 

clearly accounted for most of its variance (ranging from 39.1% to 65.8%). This component is 

similar to Short-Term Memory Cluster on the Woodcock-Johnson Tests of Cognitive Ability – R 

and Working Memory Index on the WAIS-III, where subjects gain access to auditory 

information and then use it within seconds. Carroll (1993) labels this as General Memory and 

Learning, and Horn (1991) describes this as Short Term Acquisition and Retrieval. This type of 

memory is usually described as being able to hold on to five (plus or minus two) “chunks” of 

information (McGrew, 1994).  

 One subtest (Arithmetic) that partly measures this type of cognitive ability (Working 

Memory Index) on the WAIS-III did not load on this component. This subtest loaded on the 

Mathematical/Analytical Ability component. The third subtest from the WAIS-III Working 

Memory Index (Letter-Number Sequencing) was not entered into the PCA because it was given 

to the students so infrequently. Thus, the only Short-Term Auditory Memory task available for 

the PCA from the WAIS-III was highly correlated with the two subtests measuring this aptitude 

on the Woodcock-Johnson Tests of Cognitive Ability – R.     

 Component 6/Visual/Analytical Reasoning. This component is similar to the Visual 

Processing Cluster from the Woodcock-Johnson Tests of Cognitive Ability – R; yet, most of the 

subtests (3 of 4) loading on this component were from the WAIS-III. This Cluster of the 

Woodcock-Johnson Tests of Cognitive Ability – R refers to the ability to perceive, analyze, 

synthesize, and think with visual patterns (McGrew, 1994). These cognitive abilities have also 

been labeled Broad Visual Perception and Broad Visual Intelligence (Carroll, 1993; Horn 1991). 

The one subtest from the Woodcock-Johnson Tests of Cognitive Ability – R accounted for 

21.5% of the variance for this component.  The other three subtests were from the WAIS-III 

(accounting for 24.6% to 51.6% of variance). All require nonverbal reasoning (and are visual 

tasks).  

 Two of these subtests are a subset of the three subtests from the Perceptual Organization 

Index score. The Matrix Reasoning subtest is the third subtest that makes up the Perceptual 

Organization Index. This subtest was not included in the PCA because the sample size was too 

small. The Picture Arrangement subtest does not load on any index factor score of the WAIS-III 

but did load on this component in this study. Even though this subtest did not load on the WAIS-

III Perceptual Organization Index, it is considered to be closely related to that factor (Kaufman & 

Lichtenberger, 1999). It is considered to be a measure of visual sequencing. Moreover, all three 

of these WAIS-III subtests used in this component are visual/analytical reasoning tasks 

completed under time pressure. Thus, this component received the label of Visual/Analytical 

Reasoning. 

 By far, the subtest that loaded highest on this component was the WAIS-III Picture 

Completion. This subtest is highly correlated with visual recognition and organization ability. 

This subtest also requires concentration in order to pay attention to details. These abilities are 

also needed to be successful on the other subtests that loaded highly on this component 

(Kaufman & Lichtenberger, 1999).  

 Component 7/Long-term Visual/Verbal Learning Ability. This final component also 

had visually-related subtests that loaded highly. These subtests, however, also had a language 

factor represented by having visual symbols represented by verbal labels (McGrew, 1994). Two 
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subtests representing the Woodcock-Johnson Tests of Cognitive Ability – R are described as 

measures of Long-Term Retrieval. Carroll (1993) called this Broad Retrieval Ability, and Horn 

(1991) called this Long-Term Storage and Retrieval. These two subtests accounted for 44.5% 

and 64.0% of variance in this factor. The third Woodcock-Johnson Tests of Cognitive Ability – 

R subtest, measuring long-term retrieval of names for pictures, accounted for 38.6% of variance. 

All of these subtests required attaching some verbal label to a picture.  

 Two of the three subtests used novel symbols or pictures and required the student to store 

the information for use within a few minutes. Many students who did not perform this task well 

were seen as having difficulty learning a foreign language (J. May, personal communication, 

February 23, 1999). This type of component is not one where an individual is required to retrieve 

information from long-term memory. It is the type of component that represents the ability to 

fluently retrieve new information at a later date (McGrew, 1994). Thus, learning foreign 

languages or new mathematical formulae could be influenced by this component. 
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APPENDIX G 

ACCOMMODATIONS CODING FORM 

Subject Number ____________ 

TYPE OF ACCOMMODATION 1 2 3 4 5 

Auditory      

Visual      

Math Skills      

Writing/ 

Handwriting 

     

Course or Test 

Substitution/ 

Waiver 

     

Extra Time on 

Exams/ 

Assignments 

     

Alternate Form  

Examinations 

     

Scheduling      

Learning  

Strategies 

     

Modified 

Learning/ 

Testing Environment 

     

Other      
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HUMAN SUBJECTS COMMITTEE APPROVAL 
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