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ABSTRACT 

The Wechsler Intelligence Scale for Children - Third 

Edition (WISC-III) is likely to become the most widely used 

test of intelligence with deaf children, based on the 

popularity of the previous versions of the test. Because 

the test was constructed for hearing children who use spoken 

English, the following major research questions were asked: 

a) Does the WISC-III demonstrate adequate construct 

validity? and b) Do specific items exhibit differential item 

functioning (DIF), and does the nature of the content of 

each item that exhibits DIF'imply that the item is biased? 

The test was translated into sign language and administered 

to a total of 110 deaf children at three different sites. 

The deaf children ranged from ages 8 through 16 (M=13.25, 

50=2.37), had hearing losses identified as severe or worse, 

were prelingually deaf, used s~gn language as their primary 

means of communication, and were not identified as having 

any additional handicapping conditions. The sample of deaf 

children was compared to a sample of 110 hearing children 

similar in age and Performance IQ. Construct validity was 

examined using a LI5REL multi-sample covariance structure 

analysis. The covariance structures were different (X2 (91) 

= 119.42, ~=.024). A Rasch Model was used to detect DIF on 

the following sUbtests: Picture Completion, Information, 
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Similarities, Arithmetic, Vocabulary, Comprehension. All of 

these subtests exhibited DIF, and DIF plus the differences 

in mean logit ability resulted in numerous items that were 

more difficult for deaf children on the above Verbal 

subtests. Item bias was judged by examining the contents of 

items that exhibited DIF. Items were biased due generally 

to translation issues and differences in the educational 

curricula. Thus, deaf children are at a distinct 

disadvantage when taking these WISC-III subtests. 

Practitioners are urged to consider these findings when 

assessing deaf children. 
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It was in mid-eighteenth century France that the Abbe' 

De l'Eppe realized the deaf could be taught by using signs. 

Prior to that time, deaf persons lived in an isolated world 

deprived of communication and symbolic verbal thoughts. 

They were able neither to read nor write. Thus, they were 

referred to, and continued to be referred· to for years to 

come, as deaf and dumb or deaf-mutes. It was Larent Clerc, 

himself deaf and educated by the methods first developed by 

the Abbes De l'Eppe and Sicard,. who along with Thomas 

Gallaudet, opened the first school for the deaf in America. 

TWo hundred years later, A. R. Luria and F. Yudovich 

(1968) still believed that deaf people were incapable of 

abstract thought because they did not possess inner speech. 

However, just prior, Hans Furth (1964) suggested that deaf 

people were language deprived due to both the inability to 

acquire incidental information and the poor quality of deaf 

education. Moreover, Furth pointed out that deaf persons 

were quite adept at tasks that were nonverbal in nature. 

Based on the fact that deaf persons perform similarly to 

hearing persons on nonverbal tasks, various psychologists 

have agreed that the deaf are cognitively intact and that 
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cognition is not dependent on speech (Lavos, 1962; Vernon, 

1968; Braden, 1985). 

Much of the early attention paid to cognition and 

deafness was focused on the fact that spoken language is 

normally acquired as a first language, conditional upon an 

intact audiological system. However, deaf people are still 

capable of acquiring a first language that is visual-spatial 

in nature. In fact, people who consider themselves to be 

part of the deaf community share a common language and 

culture. American Sign Language (ASL) is recognized as a 

language that has all the distinct properties of a natural 

language and has a highly articulated grammar (Klima & 

Bellugi, 1979). Furthermore, ASL a) has a grammar that is 

independent of spoken languages, b) is passed from 

generation to generation, and c) continually develops among 

its community of users (Johnson, Liddell, & Erting, 1989). 

Deaf children of deaf parents who use ASL are considered to 

be native users of ASL. Only a small percentage of deaf 

children have deaf parents, and therefore, most deaf 

children learn language from their peers, other deaf adults, 

and their teachers rather than through the natural language 

acquisition process. These children are exposed to a 

variety of language models such as: a) American sign 

Language; b) one of the many systems for manually 

approximating/coding English, known as Manually Coded 

English, Signed Supported Speech, or Signed English, among 
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others; or c) Pidgin Signed English, which represents a 

continuum of English-like signing to ASL-like signing, but 

is considered neither English nor ASL. Deaf children who 

have specifically been taught other systems of communication 

(e.g., Manually Coded English) that are based on a literal 

translation or code for English expressed through signs, 

have been observed to switch to American Sign Language when 

communicating with other children who are deaf (Supalla, 

1986). Members of the deaf co~unity view themselves as a 

linguistic and cultural minority and not as handicapped. 

In accordance with the mandates of P.L. 94-142, The 

Education of All Handicapped Children's Act of 1975, deaf 

children are considered to be handicapped and, therefore, 

are eligible for placement in special education. As part of 

the eligibility determination, deaf children are routinely 

assessed by a multidisciplinary team, consisting of 

aUdiologists and speech pathologists, who assess the impact 

of the hearing loss. Although there is no reason to assume 

that deafness per se results in a coexisting cognitive 

impairment, the team includes a school psychologist to 

assess the child's cognitive abilities. The mission of the 

school psychologist is to assess each child fairly and then 

to advocate an educational placement that will assure the 

child an appropriate opportunity for success. 

Although P.L. 94-142 mandates that the assessment will 

be conducted in the native language of the child and that 
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the instruments will be validated for the purpose for which 

they are used, absolutely no available instrument is 

specifically designed to measure the language reasoning 

abilities of deaf children who use sign language. 

Psychologists are, therefore, limited to the nonstandardized 

use of intelligence tests that have been constructed for and 

normed on children with normal hearing. 

No wonder the average Verbal IQ for deaf children is 

one standard deviation below the mean of the standardization 

sample. If a deaf child has unusual strengths or weakness 

in processing verbal information, it is difficult for the 

school psychologist to identify the child. The gifted deaf 

child will be limited to an average academic experience, 

while the deaf child in need of special attention is quite 

likely to be overlooked. 

The Wechsler Intelligence Scale for Children-Third 

Edition (WISC-III; Wechsler, 1991) is very likely to become 

the most widely used test of intelligence with deaf 

children, considering the previous popularity of its 

predecessors. Only one study currently exists regarding the 

validity of the WISC-III when used with deaf children, and 

that study was primarily focused on predictive validity 

(Maller & Braden, 1993). The purpose of this dissertation 

was to address further the validity of the WISC-III when 

used with deaf children who use sign language. Both the 
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construct validity of the test and content validity of the 

items were examined. 

Definitions 

1) Deaf. A child who is deaf has a severe or worse 

hearing loss, which is an unaided Pure Tone Average (PTA) 

that is ~ 75 decibels (db). A loss of such severity impairs 

a child's ability to hear and understand speech. 

2) Hearing Impaired. A significant loss of hearing, 

which may be mild, moderate, severe, or profound. 

3) prelingual deafness. A child whose deafness is 

congenital or was acquired prior to learning language. 

Research Questions 

Five research questions were asked regarding the sample 

of deaf children who use sign language: a) Are Verbal 

subtest means of deaf children significantly lower than 

those of hearing children? b) Do deaf children of deaf 

parents score higher than deaf children of hearing parents? 

c) Do deaf students at the different program sites score 

differently from each other on Verbal sUbtests? d) Does the 

WIse-III demonstrate adequate construct validity? e) Do 

specific items exhibit diff~rential item functioning (DIF), 

and does the nature of the content of each item that 

exhibits DIF imply that the item is biased? 
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This chapter presents a brief description of the 

Wechsler Scales and the subtests included in the item bias 

study. Next, the literature relevant to the validity and 

the valid use of the Wechsler Scales with deaf children will 

be summarized. Then, the concept of bias will be introduced 

followed by an introduction to·· niethods for assessing 

construct validity and item bias. Finally, the relevant 

research in which these methods were used will be 

summarized. 

What is the WISC-III? 

The Wechsler Intelligence Scale for Children - Third 

Edition is an individually administered IQ test for 

children. Like its predecessors, the WISC and the WISC-R, 

the WISC-III was constructed for normally hearing children. 

David Wechsler believed in 'g' or the general 

intelligence factor, but he designed his tests to include 

subtests (Wechsler, 1949, 1955, 1974, 1981). The WISC-III 

consists of two scales: Verbal and Performance, which are 

comprised of a total of 13 subtests. Because the tasks 

involved in these subtests differ, and many believe that 

they measure more than general intelligence, the nature of 

the subtests studied examined for bias will be summarized 

below. In addition, due to·the fact that there has been 
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very little research thus far ~n the WISC-III, the abilities 

thought to be measured are based on the previous version, 

the WISC-R. 

1. Information: This Verbal Scale subtest contains 30 

questions that test the respondent's general fund of 

information. Although Wechsler thought that this subtest 

measured general intelligence, others have claimed that 

cultural opportunities/background (Sattler, 1982; Kaufman, 

1979; Matarazzo, 1972) and school learning (Kaufman, 1979) 

also influence performance. 

2. Similarities: This Verbal Scale subtest contains 19 

items and requires the child to place two words into a 

common category. For example, a potential item might ask 

how a car and a train are alike. In addition to general 

intelligence, this subtest measures concept formation 

(Sattler, 1982), abstract thinking, and verbal reasoning 

(Kaufman, 1979). 

3. Arithmetic: This Ve~bal Scale subtest, consisting of 

24 items, requires the child to solve math word problems 

without the use of paper and pencil or a calculator. The 

child is read the first 18 items and reads the last six 

items which are presented on a card. In addition to general 

intelligence, this subtest measures ability to use basic 

mathematical operations, concentration (Sattler, 1982), 



distractibility or alertness, and numerical reasoning 

(Kaufman, 1979). 
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4. Vocabulary: This Verbal Scale subtest consists of 30 

Vocabulary items that the child is to define. This subtest 

is said to measure verbal comprehension, fund of 

information, learning ability, abstract thinking (Kaufman, 

1979), and general intelligence (Wechsler, 1974; Sattler, 

1982). 

5. Comprehension: This Verbal Scale subtest includes 

18 questions that ask the child what should be done in 

various situations and require "a certain amount of 

practical information" (Wechsler, 1944, p. 80). In addition 

to general intelligence, this subtest measures verbal 

reasoning (Kaufman, 1979), social judgement, and social 

conventionality (Sattler, 1982). 

6. Picture Completion: This Performance Scale subtest 

includes 30 items that require the child to look at a 

picture and find the most important part that is missing. 

In addition to general intelligence, this subtest measures 

perceptual organization ability (Kaufman, 1979), and the 

ability to distinguish essential from nonessential details 

(Sattler, 1982). 

Use of the Wechsler Scales with Deaf Children 

All versions of the Wechsler have also been used widely 

with deaf children. The WISC-R Performance Scale has been 

the most widely used test of intelligence among school 
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psychologists who serve deaf children (Levine, 1974; McQuaid 

& Alovisetti, 1981; Gibbins, 1989). Traditional attempts to 

investigate the validity of.the Wechsler scales when 

administered to deaf children involved the correlation of IQ 

with some external criterion. That is, most studies 

examined concurrent or predictive validity. Many of the 

studies that were aimed at establishing the concurrent 

validity of the Wechsler Performance Scales have employed 

the Hiskey-Nebraska Test of Learning Aptitude (H-NTLA; 

Hiskey, 1966) which is a nonverbal test that was constructed 

for and normed on deaf children. For example, Hirshoren, 

Hurley, and Kavale (1979) reported a correlation of .89 

between the WISC-R Performance Scale and the H-NTLA in the 

scores of 59 prelingually d~af children. Watson, Sullivan, 

Moeller, and Jensen (1982) reported an average multiple 

correlation of .68 between WISC-R Performance Scale 

subtests, H-NTLA, and the Test of Language Development. 

Phelps and Branyan (1988) found moderate to high 

correlations between the WISC-R Performance Scale and the H

NTLA, the Leiter International Performance Scale, and the R

ABC Nonverbal Scale. 

Various researchers have investigated the predictive 

validity of the Wechsler Performance Scale and have found 

low correlations between the WISC-R and the Stanford 

Achievement Test - Hearing Impaired Edition (SAT-HI; Allen, 

1986; Hirshoren et al., 1979; Braden, 1989), moderate 
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correlations of the WISC with the SAT-HI (Brill, 1962), and 

moderate correlations of the WISC-R with the Wide Range 

Achievement Test - Revised (Phelps & Branyan, 1990). 

Originally Braden (1989) concluded that the criterion 

validity of the WISC-R Performance Scale was "limited, or at 

the very least, suspect" (p. 329). Kelly and Braden (1990) 

later compared the WISC-R PIQ subtest scaled scores and SAT

HI percentile ranks of 83 deaf students, using Spearman rank 

order correlations. Correlations ranged from .24 to .57 

(all R < .01), and therefore, it was concluded that the 

criterion validity of the WISC-R Performance Scale is 

adequate. 

Low to high correlations have been found between Verbal 

IQ and achievement. Sullivan, Brookhouser, and Burley (in 

press) studied a sample of 109 gifted deaf children who were 

administered the WISC-R and SAT-HI. Verbal Scale 

correlations with individual SAT-HI subtests were: Reading 

(.38), Math Comprehension (~44), Math Applications (.45) 

Performance Correlations: Reading (.29), Math Comprehension 

(.36), Math Applications (.36). Sullivan and Burley (1990) 

stated that while the Verbal Scale is a better predictor of 

achievement, "the fact remains that verbal intelligence 

tests are inappropriate as the. sole measure of mental 

abilities in deaf children. They should be administered 

only by psychologists who are fluent in the child's native 

language and should be interpreted with caution. Most 



hearing-impaired children have significant Verbal

Performance discrepancies, with the Performance IQ 

invariably higher. Our research suggests that, as in 

hearing children, verbal IQ is a better predictor of 
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academic achievement than nonverbal IQ in deaf children. 

This is not surprising, given that most academic subjects 

require language-based reasoning abilities" (p.777). 

To date, the validity of the WIse-III when administered 

to deaf children has been addressed in only one published 

study. Maller and Braden (~993) correlated the Verbal and 

Performance IQs of 30 deaf children with their achievement 

scores on the Stanford Achievement Test. High correlations 

were found for the Verbal Scale and moderate correlations 

were found for the Performance Scale. However, these 

researchers emphasized that the findings should be 
-

interpreted with caution because "the Verbal Scale is not 

necessarily a valid measure of the deaf child's underlying 

cognitive abilities" (p. 110). 

The findings from these studies demonstrate that Verbal 

Scale is highly correlated with other measures of verbal 

intelligence or academic achievement leading to the 

conclusion that verbal tests do, in fact, predict 

achievement of deaf children. These findings have been 

qualified by concerns regarding the Verbal Scale's 

questionable construct validity. For deaf children, tests 

of verbal intelligence and academic achievement both require 
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English language proficiency. Furthermore, deaf children 

may have less opportunity to access information and concepts 

that are familiar to hearing children, due to their hearing 

impairment, cultural and linguistic differences, and 

educational opportunities. Therefore, it is the systematic 

bias present in both verbal ability and achievement 

measures, or the interaction of factors specific to deafness 

with the ability factor, that accounts for this high 

correlation. Hence, the more pertinent question regarding 

validity is, "does the WISC-III Verbal Scale adequately 

measure the underlying latent trait of intelligence in deaf 

children?" 

Previous studies aimed at investigating the construct 

validity of the Wechsler scales have generally been 

exploratory in nature. Braden (1984; 1985) examined the 

factorial similarity of the WISC-R Performance Scale between 

deaf children (N=1228) and the WISC-R standardization sample 

(N=2200). The sample of deaf subjects was obtained from the 

1977 effort to standardize the.WISC-R Performance Scale on 

deaf children (Anderson & Sisco, 1977), which included a 

large proportion of subjects from low SES backgrounds as 

well as children who used oral methods (speech and 

lipreading). The original standardization norms were used 

to obtain the scaled scores that were used in the factor 

analysis. One factor was extracted with an Eigenvalue > 

1.0. Because the Burt-Tucker coefficient of congruence was 
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high (~=0.988), the researchers concluded that the same 

underlying trait was measured for both samples by the 

Performance Scale. Thus, the notion that Performance IQ is 

influenced by linguistic and cultural biases was not 

supported. However, unlike previous studies that reported 

mean Performance Scale subt~sts scores, the sample of deaf 

children did obtain significantly lower scores on all 

subtests, most likely due to the differences in SES between 

the two samples. 

Blennerhasset, Moores, and Anderson (1988) factor 

analyzed both the Wechsler Adult Intelligence Scale (WAIS-R; 

Wechsler, 1981) Verbal and Performance Scale scores of 135 

profoundly deaf adolescents. The test was administered, 

using a signed translation, by school psychologists 

specially trained in the assessment of deaf persons. 

Unfortunately, the researchers divided an already small 

sample into two smaller samples based on parental hearing 

status (deaf of deaf parents and deaf of hearing parents). 

Because a two factor solution (Eigenvalues> 1.0) was 

obtained for the deaf of deaf sample and a three factor 

solution for the deaf of hearing sample, they concluded that 

these two groups were psychologically different. 

Another factor analytic study was conducted by Sullivan 

and Schulte (1992). Both the Verbal and Performance Scale 

WISC-R scores of 386 hard of hearing and deaf children were 
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used in the analysis. The tests were administered using the 

"child's preferred mode of communication" by six 

psychologists, three of whom signed. sign language 

interpreters were also employed. The mean VIQ was 86.87 

(SD=19.22) and the mean PIQ was 117.22 (SD=19.13) indicating 

that this sample included some very high functioning deaf 

children. The deaf (db>60 hearing loss) and hard of hearing 

(db<60 hearing loss) samples were each subjected to 

independent exploratory factor analysis. Because the 

samples obtained "identical" factor structures, they were 

combined into a total sample analysis. Factors were rotated 

using a varimax rotation. Two factors, Verbal and 

Performance, were extracted (Eigenvalues >1.0). The 

researchers concluded that the factor structure for the deaf 

was different from that of the,standardization sample, 

because a third factor "Freedom from Distractibility" was 

not extracted. These findings were interpreted as evidence 

for the "different cerebral organization" of deaf children. 

While the concurrent or predictive validity studies 

have focused on both the Verbal and Performance Scales, the 

construct validity studies have either been flawed or have 

focused solely on the Performance Scale. Deaf children do 

tend to exhibit a significant Verbal-Performance Discrepancy 

with the mean Verbal IQ generally at least one standard 

deviation below the mean Performance IQ. 



The Verbal Scale test is most likely a measure of 

language difficulties rather than verbal reasoning, 
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according to Vernon (1976). Therefore, avoidance of the 

Verbal Scale has been considered to be best practice. In 

fact, in a survey of school psychologists employed at 

schools listed in the American Annals of the Deaf (Craig & 

Craig, 1990), results indicated that 83% felt that a measure . 
of sign language reasoning ability with deaf norms would be 

more useful for making judgments about a deaf student's 

ability than existing IQ measures. Regardless, many 

practitioners do administer the Verbal Scale to deaf 

children. In fact, 74% of the psychologists surveyed have 

administered the Verbal Scale to a deaf child using sign 

language, and 65% of these school psychologists stated that 

they include results from Verbal Scale subtests in the 

psychological reports of deaf students (Maller, 1991). 

Gibbins (1989) also found that the WISC-R Verbal Scale was 

among the most popular tests used by school psychologists 

working with hearing impaired children, just behind the 

following nonverbal tests: WISC-R Performance Scale, Leiter 

International Performance Scale, and the Hiskey-Nebraska 

Test of Learning Aptitude. Therefore, the content validity 

of the items and the construct validity of the test, 

including the Verbal Scale, must be examined. 
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Bias in Testing 

Bias in testing received much attention with several 

court cases such as Larry P. v. Riles (1979) and Diana v. 

the California state Board of Education (1970). Although 

bias in testing is a concept familiar to the testing of 

minority populations, the issue can be applied to the 

testing of deaf children and can be related to the broader 

concept of validity. "Bias is a kind of invalidity that 

harms one group more than another" (Shepard, Camilli, & 

Averill, 1981, p. 318). A test that is externally biased 

differentially predicts a crit~rion for two groups. For 

example, a biased test might differentially predict a 

criterion, such as academic achievement, so that one group 

is favored when the test is used to place students. For 

deaf children, an examination of predictive validity would 

not likely yield the conclusion that the IQ test is biased. 

That is, for both deaf and hearing children, IQ tests tend 

to have similar correlations with achievement, but for 

different reasons. Deaf children do poorly on both Verbal 

IQ and academic achievement because they both require fluent 

English language skills. Thus, for hearing children, the 

correlations reflect the relat~onship between IQ and 

achievement; for deaf children, the correlations reflect 

method bias. 

While external bias usually pertains to invalid test 

use, internal bias refers to the sources of bias within a 
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test. A test that is internally biased is defined as one in 

which a focal group is penalized due to an interaction 

between test or item constructs and factors specific to 
. 

group membership, such as culture or language. Differential 

Test Functioning (DTF) refers to a situation in which test 

constructs are measured differently for different groups. 

Content validity may be compromised when the contents 

of items differentially reflect the construct of the test 

for a specific group. The content of an item may be more 

difficult for a subpopulation due to cultural, linguistic, 

educational, sex, or other unique differences beyond the 

ability that the test purports to measure, resulting in a 

lower probability of a correct response. Consequently, the 

interaction between group status and performance on an item 

is known as differential item functioning (DIF). 

DTF and DIF generally refer to statistical differences 

in the functioning of the test or item, whereas bias usually 

connotes the more qualitative issue of a lack of fairness 

resulting from the presence of DIF or DTF. 

Methods for Assessing 

Construct Validity/Covariance structures 

Reynolds (1982) stated, "bias exists in regard to 

construct validity when a test is shown to measure different 

hypothetical traits (psychological constructs) for one group 

than another or to measure the same trait but with different 

degrees of accuracy" (p. 194)." Furthermore, Reynolds adds 
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that multi-sample factor analysis, based on the techniques 

of Joreskog, is a more promising and sophisticated method in 

detecting such construct bias than the previously relied 

upon method of exploratory factor analysis, which examines 

factorial similarity using the coefficient of congruence. 

Multi-sample analysis has been used to test the 

invariance of factor structure~ (Joreskog & Sorbom, 1989; 

Joreskog, 1971; Alwin & Jackson, 1981; McGaw & Joreskog, 

1971) and improves on exploratory methods because it allows 

for a chi-square test of fit of the model between two 

samples. A multi-sample covariance structure analysis 

provides a test of the fit of the focal and reference 

groups' variance-covariance·matrices of subtest scale 

scores. If these matrices do not fit, the profile of 

relationships among the variables, in this case subtests, is 

different for the two groups, indicating differential 

construct functioning. 

Methods of Assessing Item bias/DIF 

A variety of methods for detecting DIF are available. 

These methods differ in terms of their theories of item bias 

and their statistical complexity (Shepard et al., 1981). 

Methods for detecting DIF, in terms of item difficulty, will 

be summarized below in order to clarify them for the reader 

and to present the rationale for the methods chosen for this 

~issertation. 

P Values 



30 

Traditional methods that detect items that are biased 

in terms of difficulty are based on the p value, or the 

proportion of people passing an item. When tests involve 

items that are administered in increasing order of 

difficulty, the probability of a correct response decreases 

with each item. This ordering of items is expected to be 

retained for two groups of examinees, regardless of their 

mean total test scores. Suppose, however, it is suspected 

that one group (a focal group) finds certain early items to 

be relatively harder than later items. P values are 

obtained for focal and reference groups and then correlated 

using the Spearman rank order correlation; a low correlation 

indicates the presence of biased items (Jensen, 1974, 1976). 

Because this method depends on ordinal data, it is 

problematic in that the order of every aberrant item affects 

the order of every other item, making them more likely to be 

aberrant as well. The major benefit of this type of 

analysis is to gain information about the order of item 

difficulty in one group as opposed to another. Finally, 

because the p value is the proportion of people in a 

specific sample passing an item on a certain test, it is 

inherently dependent upon the sample and the test. 

Angoff TID Method 

Angoff and Ford (1973) developed the Transformed Index 

of Difficulty (TID) method in an effort to convert p values 

to normal deviates. Initially, p values are transformed to 
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z scores, and subsequently the z score is linearly 

transformed to a delta, which has a mean of 13 and a 

standard deviation of 4. The purpose of developing the 

delta transformation was to avoid negative values and 

decimals, which were assumed to be more difficult to 

interpret. The deltas of each item for the two groups are 

plotted against each other. A Pearson correlation of ~ < 

.98 indicates that the order of difficulty is significantly 

different for the two groups (Angoff, 1993). Points that 

deviate most from the regression line are considered to be 

biased against one of the two groups. The TID method is 

limited for several reasons. First, it is still dependent 

on both the sample and the items. Second, although a 

Pearson correlation is used, the TID method still provides 

no absolute information regarding the magnitude of 

difficulty of each item. Third, deltas, or transformed item 

difficulties, can be confounded by the item discrimination 

parameter in that a highly discriminating item may appear to 

be harder for one group than another (Berk, 1982). 

Therefore, samples from two.populations must be matched in 

terms of total score. 

Methods based on the Chi-Square 

In an effort to deal with the last problem stated 

above, approaches based on the chi-square have been proposed 

(Schueneman, 1975; Camilli, 1979; Marascuilo & Slaughter, 

1981; Holland & Thayer; 1988). These methods all attempt to 



32 

account for within group ability differences. Item bias is 

detected if, for two groups, there is a different proportion 

of correct responses of individuals of the same ability, as 

determined by total test score. To calculate the chi-

square, ability is divided into categories based on observed 

total score. comparisons are then made between two 

subpopulations (e.g., focal ana reference groups) within 

each ability group, as can be demonstrated by Schueneman's 

chi-square: 

(1) 

where the expected cell frequency of correct responses for 

the focal group f at the ability level j is expressed as: 

(2) 

with, for the focal group f, Ofj as the observed cell 

frequency of correct responses and Nfj as the number of 

people in jth ability group, and for the reference group r, 

OQas the observed cell frequency of correct responses and NQ 

as the number of people in jth ability group. 

Camilli's chi-square sums the chi-square obtained for 

correct responses with the chi-square obtained for incorrect 
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responses and divides by (i-1)j degrees of freedom, where i 

is the number of subgroups and j is the number of ability 

groups. This statistic is considered to be a better 

approximation of the chi-square distribution. 

More recently, Holland·and Thayer (1988) adapted the 

Mantel-Haenszel procedure (Mantel & Haenszel, 1959), which 

was used previously in medical research, for detection of 

DIF. For each level of ability, the Mantel-Haenszel 

procedure arranges two groups, a focal group and a reference 

group, in a 2 by 2 by L contingency table (group by item 

score by level of ability). If there is no DIF, the odds of 

a correct response at L given ability level for the focal 

group, f, is equal to the odds for the reference group, r, 

and can be expressed as: 

(3) 

where c is the number correct and w is the number wrong. 

Furthermore, a chi-square statistic can be used to test the 

hypothesis that there is no difference in item functioning 

for the two grOilp:::i. 

Chi-square methods improve on the methods described 

previously because DIF is investigated for different 

categories of ability. To estimate ability, chi-square 

methods rely on observed scores, which may be unreliable 
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indicators of true scores or ability category. Chi-square 

methods require that sufficient numbers of subjects are 

available in order to obtain 6ell frequencies. Chi-square 

methods attempt only to approximate more sophisticated 

methods, to be described next, that conceptualize ability as 

an underlying latent trait. consequently, chi-square 

methods are still dependent on the sample and the test. 

The Rasch Model 

Because p values are sample dependent and test 

dependent, measurements of ability change along with the 

measurement instrument used and vice versa. On difficult 

tests, a person will appear to be low in ability; on easy 

tests, the same person will appear to be high in ability. 

Similarly, a test will appear to be easy for a high ability 

group and hard for a low ability group. Therefore, Danish 

mathematician Georg Rasch (1960) was charged with the task 

of creating a "ruler of ability," a measurement of item 

difficulty that would not vary along with the very entity to 

ba measured. 

The Rasch Model is based on the Item Characteristic 

Curve (ICC), which was first conceptualized by Frederic Lord 

(1952). ICC theory, also known as Latent Trait Theory or as 

Item Response Theory (IRT), was based on the notion that the 

characteristics of an item must not be defined by the 

characteristics of the sample of examinees or by other items 

or. the test. The Rasch Model is a special case of IRT which 
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is used to determine the probability of a correct response 

given an individual's location on a latent trait, such as 

ability. The ICC is a function that models this probability 

when the following assumptions are met: 

1. Invariance. The estimate of ability of a specific 

person should not change based on the sample of examinees or 

the instrument used. 

2. Local independence. The probability of passing an 

item is independent of the other items on the test. Errors 

are uncorrelated. The probability of a response pattern 

consists of the joint probability of each response. 

3. Unidimensionality •. The test measures only one 

dominant latent trait. This assumption is related to the 

assumption of local independence in that correlated errors 

indicate multidimensionality. That is, parameter(s) other 

than the latent trait influence the responses of examinees 

(Bejar, 1983). 

4. Other parameters are constant. Guessing is unlikely 

to yield a correct response. The discrimination parameter, 

which is represented by the slope of the ICC, is constant. 

If the at-::,ve assumptions are met, the Rasch Model gives 

the probability of a correct response to an item at a given 

ability level as represente~ by a logistic function that 

approximates a normal ogive: 

(6) exp(6 - b) p = -:----=--:~::--"'-:-:--=-
[1 + exp (6 - b) ] 

{4} 
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where, 0 is the person ability and b is the item difficulty. 

The normal ogive is the cumulative normal distribution. The 

logistic function is used because it differs from the ogive 

only by .01 and is more convenient for mathematical 

operations (Lord & Novick, 1968). The logistic probability 

density function represents the odds ratio of a 

dichotomously scored response, conditioned on a the 

underlying trait, O. At the point of inflection, the item 

difficulty is equal to person ability. A rating scale Rasch 

model is used when items are scored in "steps" (Wright & 

Masters, 1982). For example, responses to some items on the 

WISe-III are scored in steps of 0, 1, or 2, where a score of 

o is failure, and full credit is awarded a score of 2. The 

model is essentially the same as the dichotomous model, 

except the probability of a correct response for a given 

level of ability is obtained at each step. 

Difficulty of items and ability of persons are measured 

on the same scale. P values are normalized by taking the 

natural log of the odds of an item being incorrect: 

(5) 

where Pi equals a proportion correct of responses on item i 

and 1-Pi equals an the proportion of incorrect responses. 

These logits range from 0 to ± 00 and have a mean of zero. 
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Persons are also measured on the logits scale. This is done 

by taking the natural log odds ratio of success for persons 

at each score level: 

(6) 

where Pris the proportion of correct responses for person r 

and 1-Pr is the proportion of incorrect responses. 

According to Wright and Panchapakesan (1969), the 

Unconditional Maximum Likelihood (UCON) algorithm is an 

efficient and robust method for obtaining person free item 

calibrations and sample free person measurement. All 

estimates can be obtained from the data matrix of raw item 

scores. The sums of the logarithms of the person or item 

raw scores comprise the initial estimates of ability and 

difficulty. Next, setting the ability estimates to zero to 

resolve the problem of indetermina~y, the initial item 

estimates are used in an iterative process using the Newton

Raphson method until ability and item estimates converge. 

Item calibrations are then considered to be person free and 

person abilities are then considered to be test free. 

Because the logit scale is used and calibrations are 

invariant, logit values are additive, on an interval level 

scale, and thus, direct comparisons can be made. For 
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example, an item with difficulty of 2.4 is 2.0 logits more 

difficult than an item with a difficulty of 0.4. 

If the assumptions of the Rasch Model do not hold for a 

sample on an item, there will be a lack of fit. The concept 

of misfit relates to the degree to which responses to an 

item suggest a Guttman Scale. ~Fit statistics are 

standardized with a mean of zero and a unit standard 

deviation. Because the Rasch model is a probabilistic one, 

a high positive misfit (~ +2) indicates an excess of noise 

in the data, and too many responses are unexpected. A large 

negative misfit (~-2) indicates that the response pattern 

for that item overfits, suggesting a deterministic, rather 

than probabilistic, model. 

To compute the fit statistic, the standardized 

residuals are summed, yielding a X2 statistic: 

(7) 

where x is the observed score of an individual, ffyjis the 

probability of a correct response for a person at ability v 

on an item of difficulty i and ffyi (l - ffyi ) represents the 

relative information, or variance, at this person by item 

interaction (Smith, 1991; Wright and Gtone, 1979; Wright and 

Panchapakesan, 1969)n A X2 statistic that is divided by the 
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degrees of freedom yields a mean square. This mean square 

is then standardized by either a log or cube root 

transformation to have a mean of zero and unit standard 

deviation. This fit statistic, which represents the 

unweighted total fit, also known as the total outfit 

statistic, is sensitive to responses to items whose 

difficulties are far from the person's ability level. For 

example, if some persons of low ability correctly answer 

difficult items, the item would have a large outfit 

statistic. 

Alternatively, the infit statistic, also referred to as 

the weighted total fit statistic, is computed by weighting 

the standardized residuals by the information function, 

which is always largest where there is a 0.5 probability of 

a correct response, and then summing these weighted 

standardized residuals and dividing them by the sum of the 

information functions, yielding a mean square. This mean 

square can also be standardized by a transformation. 

Mean Square Infit = 

(x - 1t vi ) 2 

1t vi (1 - 1t vi) (8) 

This misfit statistic is less sensitive to outliers, because 

items at or near the ability level are given more weight. 

The presence of item misfit indicates that the 

assumptions of the Rasch model do not hold. Misfitting 
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items are considered "bad items" because response patterns 

are influenced by a parameter other than the latent trait. 

The Rasch Model improves upon traditional methods of 

OIF detection that rely solely on p values because sample 

free item difficulties should remain the same across 

samples. When these calibrations are significantly 

different, the assumption of a common unidimensionality is 

violated, because some other dimension specific to a group 

is affecting the relative difficulty of the item. Thus, 

differential item functioning (OIF) exists. OIF can be 

determined by: 

1. standardized difference of an item difficulty 

between two groups (wright, Mead, & Oraba, 1976; 

Lord, 1980; Linacre, 1990) 

3. examination of fit using item anchoring 

4. examination of between fit statistics (Smith, 

1991). 

Standardized differences between two groups allow for 

direct comparisons of the item parameter, difficulty. The 

standardized difference is expressed as: 

(b1 ! - b2!) 

J (of! + o~!) 
(9) 

where, b li is the difficulty of item i for group 1 and 
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a2Ii is the variance around b Ii. The significance of the 

standardized difference, as evaluated against a z 

distribution, indicates the presence of item bias. If the 

two groups differ in ability, the impact of group membership 

can be accounted for by adding the difference in mean logit 

ability to the difficulties of the lower ability group. If 

the reference group has, for example, 1.0 more mean ability 

than the focal group, then the differences in ability can be 

factored in by adding one logit to each item difficulty for 

the focal group. This procedure resolves the cancellation 

phenomenon, as discussed by Douglas, ROussos, & stout (1993) 

and Shealy and stout (1993), where some items actually 

appear to be easier for the focal group of lesser ability. 

When the distribution of ability is different for the focal 

and reference groups because numerous items in the testlet 

are biased, a case of differential testlet functioning (OTF) 

is the result. 

Another method for examining misfit of individual items 

between two groups is to use the reference group's item 

calibrations as anchor item difficulties for the focal group 

(Wright, personal communication, December 28, 1993). The 

squared standardized residual is expressed as: 

(10) 
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where bf is the person ability of the focal group and dr is 

the item difficulty obtained-from the calibrations from the 

reference group. Infit and Outfit statistics represent the 

the fit of the focal group data to the reference group item 

calibrations. 

The last method for examining item bias is the between 

fit statistic. Like the total infit and outfit statistics, 

the between fit statistic examines response patterns. 

Rather than comparing observed and expected score patterns, 

the between fit statistic compares the score patterns of two 

groups. The unweighted between fit statistic sums over 

persons in each group and is expressed as: 

(11) 

where x represents an individual's observed score, nyiis the 

probability of a correct response for a person of ability v 

on item an item at difficulty i and 7l'Yi(1 - nYi) represents 

the relative information (smith, 1991). This statistic is 

sensitive to systematic measurement disturbances, such as 

bias, according to smith (1991). If an item elicits a 

typical response pattern that is different for one group 

than another, as detected by the between fit statistic, it 



is likely that the assumption of unidimensionality is 

violated. 

Applications of Bias/DIF Detection Techniques 
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Item bias research investigates the different response 

patterns across groups in an effort to determine whether 

constructs are measured differently by the items (Shepard, 

1981; Mellenbergh, 1989). For example, Williams (1970, 

1971) pointed out that because minority children's cultural 

experiences may be different from those of the majority, 

WISC-R Vocabulary items may be more difficult for them. 

Differences in item difficulty for Anglo, Black, Chicano, 

and Bermudian children were found in WISC-R Verbal items and 

attributed to cultural differences (Sandoval, Zimmerman, & 

Woo-Sam, 1977). Ironson, Homan, and Willis (1984) applied 

several item bias detection methods, including Angoff and 

Ford's TID, Camilli's Chi-Square, and IRT methods, to 

majority (N=916) and minori~y (N=148) samples of students 

who took the math tests of the Comprehensive Tests of Basic 

Skills. While the minority students had adequate math 

computation skills, they did not have the requisite reading 

skills to understand some of the math word problems. Of the 

three methods, the IRT methods most accurately detected 

those items that were biased. Furthermore, because these 

biased items required more than just math ability, they were 

identified as being multidimensional. That is, group 

differences could be accounted for by the additional 
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underlying trait (in this case, reading ability) necessary 

to understand the question. The issue of 

multidimensionality was also addressed by Miller and Linn 

(1988) in a study using IRT methods on the responses to 75 

items of eighth grade students (N= 6,788) who participated 

in the Second International Mathematics Study (cited in 

Miller & Linn, 1988). They found that mathematics items 

were not invariant across samples that had had different 

exposure to instruction, also referred to as opportunity to 

learn (OTL). They concluded that between group differences 

in item responses are manifestations of systematic 

differences in OTL, and thus, represent multidimensionality 

of item constructs. 

Rudner (1978) used item bias methods to appraise the 

appropriateness of items for hearing impaired children. 

Items from the Stanford Achievement Test (1964 version) that 

were administered to 2,821 hearing impaired children were 

evaluated for bias using Angoff's Transformed Item 

Difficulty method (Angoff, 1972). Biased items contained 

English linguistic structures, such as conditionals (if, 

when), negatives, and comparatives, that were considered to 

be inappropriate for deaf children. 

A similar study was conducted by Bloomquist and Allen 

(1988). They compared item difficulties of a hearing 

impaired sample (N=400) with the standardization sample on 

the Mathematics Computation an~ Mathematics Applications 
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subtests of the Stanford Achievement Test, 7th Edition 

(Madden, Gardner, Rudman, Karlsen, & Merwin, 1982). A Rasch 

Model was used to calibrate items. The difficulties of the 

items for the two samples were plotted against each other 

and examined for deviations from the regression line. Next, 

the difficulties of the hearing impaired sample were 

anchored onto the difficulties of the standardization sample 

in order to examine the fit of the data for the deaf sample 

to the item calibrations for the standardization sample. 

Items with the best fit were identified as those involving 

"straightforward mathematics computation" without the 

requirement of reading or verbal skills. Verbally loaded 

items were most difficult and exhibited the greatest degree 

of misfit. 

Powers, Lopez, and Douglas (1985) used the Rasch Model 

to detect item bias in the Cooperative Preschool Inventory 

(CPI) when translated into Spanish. Standardized 

differences between item difficulties and comparison of . 
total item fit were used in the analysis. Numerous items 

exhibited differential fit for the two groups, and eight 

items were found to be biased based on significant 

differences in difficulty. The researchers concluded that 

caution must be exercised when translating tests. 

cotter and Berk (1981) investigated item bias in the 

WISC-R against Black, White, and Hispanic children. They 

used the Angoff TID method and then an item-by-group 
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analysis of variance with a Newman-Keuls post hoc analysis 

of significant item-by-group interactions. The contents of 

the 22% of total items that were found to be biased against 

anyone of the groups were then evaluated by expert judges. 

The authors urged the Psychological corporation to seriously 

consider the findings during future revisions of the test. 
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CHAPTER 3 

METHODS 

Subjects 

Deaf Subjects/Educational Programs 

The data were gathered at three locations: 1) a program 

located in the Midwest with self-contained classrooms housed 

in regular education schools (H=30) 2) a residential and day 

program located on the East.coast (N=34) 3) a residential 

program in located in the Southwest (N=46). The 110 

children in the study ranged from ages 8 through 16 

(M=13.25, SD=2.37), had hearing losses identified as severe 

or worse, were prelingually deaf, used sign language as 

their primary means of communication, and were not 
" 

identified as having any additional handicapping conditions. 

The etiologies of deafness were reported as: 40 unknown, 39 

genetic or suspected genetic, 9 meningitis, 5 maternal 

rubella, 3 prematurity, 2 high fever, 1 anoxia at birth, 1 

cytomegalovirus. Of the 85 children who had hearing 

parents, 11 had deaf siblings and 2 had deaf relatives. 

Half of the children were female. 

The three sites all emphasize the use of sign language 

as the primary means of communication. While speech 

training is available to students, and some of the younger 

students do utilize amplification equipment, such as FM 

headsets, the programs all have policies advocating the use 



48 

of sign language. Teachers were certified teachers of the 

deaf, most of whom had Master of Arts degrees in deaf 

education, some of whom were deaf themselves. However, the 

percentage of teachers of the deaf who are themselves deaf 

varied. A higher percentage of deaf teachers were found at 

the residential schools, which traditionally have fostered a 

community of deafness. Because the backgrounds of the 

teachers of the deaf varied considerably, the fluency of 

communication in each classroom also varied. The individual 

teachers were observed to use the various sign systems 

mentioned previously. At all three sites, much of the 

curriculum has been devoted to language arts. Extra

curricular activities exclusively for deaf students, 

including sports, drama, and clubs, were available at all 

three sites. 

Hearing Subjects 

A sample of 110 hearing children was obtained from 

administrations that took plac~ as part of the requirements 

of a graduate course in an APA approved school psychology 

program. The sample was part of a larger sample. However, 

subjects were selected in order to obtain a sample that was 

similar to the sample of deaf children in terms of age and 

Performance IQ. The sample was not chosen to be similar on 

the basis of verbal IQ, because such a sample would be 

representative of an impaired population of hearing 

children. The goal was to obtain a sample of normal, 
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hearing children. The children ranged in age from 8 through 

16 (M=12.78, SO=2.31) and had no handicapping conditions. 

Graduate students who administered the WISC-III were 

supervised by a certified and licensed school psychologist. 

Protocols were checked for correct scoring by the supervisor 

and by the principal investigator. 

Materials and Procedure 

One WISC-III, including both the Verbal and Performance 

Scales, was administered to each child by a Nationally 

certified school Psychologist (NCSP) who received graduate . 
training at Gallaudet University, the world's only 

university specifically for deaf students. The examiner is 

fluent in spoken English, American Sign Language, Pidgin 

Signed English, and Signed English systems. 

All directions and Verbal items on the WISC-III were 

translated into what would be considered by most linguists 

to be American Sign Language or Pidgin Signed English that 

is mostly ASL. The translation was reviewed with a deaf 

person who has experience assisting theatrical sign language 

interpreters in their translations of scripts, who is fluent 

in English and ASL, but who is considered to be a native 

user of ASL in that it is his first language (both parents 

are deaf). This standard translation was videotaped for 

future reference. 

The decision to translate the test into ASL was made 

because, regardless of the children's individual and varied 
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expressive language skills, all children were able to 

understand the standard signed administration. Furthermore, 

if the child did not appear to_understand the item (e.g., 

because of a confused facial expression, a request to repeat 

the item, or a response that was clearly incongruent with 

the question), the item was repeated and the child was asked 

to repeat the item, in his/her own words (signs) to the 

examiner. This situation was rare. The communication 

between the examiner and the individual children was about 

as fluent as would be between a hearing child and an 

examiner if speech were used. On one occasion, a child was 

identified as meeting the criteria for inclusion in the 

study, but during the testing situation, it became apparent 

that the child had unusual language difficulties. Because 

the rest of the test was impossible to administer using the 

standard translation, the testing was discontinued, and she 

was dropped from the study. Subsequently, the principal of 

the school informed the examiner that this child was 

recently noticed by staff to be having unusual (as compared 

to her deaf peers) language 'processing difficulties. 

As part of the standard sign language administration of 

the Similarities subtest, it was necessary not only to 

translate the directions, but to amend them as well in order 

for the children to understand the nature of the task. 

Therefore, each child was taught the task, utilizing the 
~ 

sample item in the teaching process. 
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On the last portion of.the Arithmetic subtest, all 

children are given cards with math word problems. These 

problems are written in English, of course. Therefore, 

because deaf children are known to have severe difficulties 

with reading English, each deaf child was asked to read the 

item to him or herself, explain it to the examiner in sign 
,. 

language, and then respond. Timing began after the child 

finished the explanation. If the child was unable to 

understand the item, as witnessed by inability to explain it 

in sign language, the examiner signed the item to the child. 

Item #20 almost always had to be signed. Had these last 

several Arithmetic items not been signed, each child being 

left to read the item and respond, it is believed that there 

would have been close to a zero probability of a correct 

response for the deaf children. 

As each child was tested, the examiner recorded the 

answers on a WISC-III record form. Because there is no 

written form of ASL, the examiner recorded what WOUld, in 

effect, be a written Pidgin. That is, some recorded answers 

were more English-like, while others were more literal 

written translations of ASL. 

scoring was based on the guidelines in the WISC-III 

manual. That is, new scoring criteria were not developed 

for responses that would be appropriate in ASL or deaf 

culture. For example, based on the keyed responses in the 

WISC-III manual, a certain item on the Cor,lprehension subtest 
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allows for an response that actually mentions deaf people. 

This response is a culturally specific and appropriate 

response. When this answer was given by the child, credit 

was awarded, only because it was a keyed response presented 

in the manual. If the keyed response was not listed in the 

manual, credit was not awarded. 

Data Analysis 

In order to determine whether there were significant 

differences between the deaf and hearing on the variables, 

Performance IQ and Age, t test~ were conducted. 

Means and standard deviations of the WIse-III subtests 

and IQ scores were obtained for deaf samples from each of 

the three sites, for the total deaf sample, and for the 

hearing sample. Subtest means were tested to determine if 

they differed for the deaf and hearing samples. A 

Bonferroni-Dunn t procedure·was used to control family-wise 

error. The Verbal and Performance Scales were treated as 

separate families, and the within-family error rates were 

corrected for alpha slippage. 

A factorial Analysis of Variance was conducted on the 

deaf sample in order to compare the effects of deaf 

education program site and parental hearing status. Because 

of unequal cell sizes, sums of squares were computed 

simultaneously using the Type III method (SAS, 1990), which 

estimates each effect while controlling for each of the 

other effects in the model. By testing the partial effects 
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only, the common variance is not distributed to the first 

variable and parameters are essentially orthogonalized. 

To examine construct validity, the discrepancies in the 

VIQ-PIQ means found in the deaf sample versus the hearing 

sample were examined. Furthermore, to compare the deaf and 

hearing samples in terms of factor structure invariance, 

LISREL7 (Joreskog & Sorbom, 1988) was used to conduct a 

covariance structure analysis using subtest scale scores. 

The matrix ~ represents the covariances of the ~ latent 

variables. In this type of analysis the ~ matrix is equal 

to the estimated covariance matrix ~, because each exogenous 

x-variable indicates only one latent variable. All 

parameters were freely estimated for the standardization 

sample, while the ~ matrix of the deaf sample was invariant. 

Goodness of Fit indices were obtained for each group 

individually. Also, a X2 goodness of fit statistic was 

obtained comparing the fit of the estimated covariance 

matrix for the deaf sample with the estimated covariance 

matrix of the standardization sample: 

Ho : ~dW = ~l1andarizatiOl1 wnplc 

A one-parameter Item Response Theory model, or Rasch 

Model, was used to analyze item level data. The computer 

program Bigsteps (Wright & Linacre, 1992) was used to 

calibrate items and to obtain total weighted and unweighted 

fit indices. If all persons ifi the deaf or hearing samples 
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either passed or failed an item, it was removed from 

subsequent analyses because the estimate of item difficulty 

is meaningless under such circumstances. Each subtest was 

run separately for the deaf and hearing samples. 

Outfit statistics were obtained to search for items 

that misfitted at the extremes"of the ability levels. Infit 

statistics were used to identify those items that were 

misfitting close to the ability of the people. Poor fit 

suggests that the assumptions of the Rasch model were 

violated. 

Differential Item Functioning was detected by comparing 

the item difficulties for each sample using Lord's (1980) 

formula for the standardized difference. Items with 

significant standardized differences were determined to 

exhibit DIF. 

The item calibrations for the hearing sample were then 

used as anchor item difficulties for the deaf sample. Item 

fit was subsequently used as an indication of the similarity 

in the response patterns for the two groups. Standardized 

infit and outfit statistics were obtained. Significantly 

misfitting items were those items considered to have a 

different response pattern for the deaf group, thus 

indicating that when the hearing sample's item calibrations 

were used, deaf response patterns were aberrant, suggesting 

that the item calibrations were different for the two 

groups. 
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Finally, for the subtests Picture completion and 

Information, which contain dichotomously scored items, 

between fit statistics, as discussed in Chapter 2, were 

computed using the IPARM computer program (Smith, 1991). 



CHAPTER 4 

RESULTS 

Mean Scale Scores and t tests 
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No differences in the means (~(218}=1.52) and variances 

(F(109,109}=0.78) of the ages of the deaf and hearing 

samples were statistically significant. Means and standard 

deviations of the scale scores for the samples of hearing 

and deaf children are presented in Tables 1 and 2, 

respectively. In addition, Table 2 includes t statistics 

comparing deaf and hearing subtest means. The t statistics 

confirmed the a priori hypotheses that the deaf Verbal Scale 

subtest means would be lower than hearing means (all R<.OOli 

Bonferroni correction for a family-wise R<.Ol). Post hoc 

inspection of Tables 1 and 2 reveal greater variability, 

after applying the Bonferroni correction for a family-wise 

R<.05, of the deaf sample around the means of the following 

Performance Scale sUbtests: Picture Arrangement, ~(109, 109) 

= 1.55, R<.043i Object Assembly F(109, 109} = 1.93, R<.043i 

and Symbol Search F(107, 92} = 2.01, R<.043. In addition, 

the performance of deaf children on the Mazes subtest was 

lower than that of the hearing children ~(199}=-4.39, 

R<.OOl, after applying the Bonferroni correction for a 

family-wise R<.Ol. 
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Table 1. 

Means and Standard Deviations of WISe-ill Scale Scores for Hearing and Deaf Samples 

Hearing Deaf 

Subtest/IQ M SD M SD t 

Performance Scale: 

Picture Completion 10.70 3.12 10.17 3.21 -1.24 
Coding 9.75 3.36 10.06 3.88 0.63 
Picture Arrangement 10.88 3.08 10.60 3.83 -0.60 
Block Design 10.93 3.29 10.58 3.98 -0.70 
Object Assembly 10.23 2.75 10.41 3.81 0.41 
Symbol Search 10.86 3.05 10.59 4.31 -0.51 
Mazes· 10.89 3.03 8.90 3.36 -4.39* 

Verbal Scale: 

Information 10.65 2.96 6.51 3.53 -9.44* 
Similarities 10.79 3.13 7.24 3.57 -7.85* 
Arithmetic 10.51 3.55 6.93 3.36 -7.68* 
Vocabulary 10.09 2.92 4.06 3.31 -14.31* 
Comprehension 11.31 3.57 6.75 3.99 -8.94* 
Digit Span 10.76 2.82 6.56 3.15 -10.17* 

IQ Scores: 

Verbal IQ 104.22 15.19 79.30 16.91 -11.50* 
Performance IQ 103.80 13.99 102.79 18.61 -0.45 

*p<.OOl (=Bonferroni family-wise p<.Ol) 
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Analysis of Variance 

The results of the factorial ANOVA using Type III sums 

of squares are presented in Table 3. The results show that 

parental hearing status and·program site were both 

associated with Verbal IQ. Deaf children with deaf parents 

had higher Verbal IQs eM = 86.48, SD = 13.40) than deaf 

children with hearing parents eM = 77.19, SO = 17.31). 

Inspection of the means, using Scheffe and Tukey post-hoc 

tests eR < .05), revealed that the children from the East 

Coast program had higher Verbal IQs eM = 84.32, SO = 16.32) 

than the children from the Southwestern program eM = 74.39, 

SD = 13.58). These differences were significant (R < .05). 

No differences were found to be statistically significant 

among the PIQ means of children due to parental hearing 

status or program site. 

Table 2. 

Analysis of Variance on Verbal IQs 

Source Type III SS 

Parents 1174.82 

site 2084.91 

Parents*site 105.10 

Error 26808.18 

df 

1 

2 

2 

109 

MS F P 

1173.82 4.55 0.035 

2042.46 4.04 0.020 

52.55 0.20 0.815 

257.77 
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Discrepancies 

Discrepancies were calculated by subtracting PIQ from 

VIQ. Discrepancies in the deaf sample ranged from -69 to 20 

(M=-23.69, SD=17.49). Discrepancies in the hearing sample 

ranged from -35 to 32 (M = 0.42, SD = 13.44). Because the 

variances were unequal (E(108,109) = 1.69, R S .01), the 

discrepancies were subjected to a t test procedure using 

weighted variances. Mean discrepancies were different 

(t(203)=-11.43, R<.OOOl). Only six deaf subjects had VIQ 

scores that were higher than their PIQ scores. 

Multi-Sample Covariance Structure Analysis 

Results of the multi-sample covariance structure 

analysis indicated that the covariance structures of the 13 

WISC-III subtests were different for the deaf and hearing 

samples (X2 (91)=119.42, R=.024). The model fit both samples 

individually: Deaf (GFI=.908) , Hearing (GFI=.942). However, 

large positive standardized residuals were found for the 

hearing sample, while large negative residuals were found 

for the deaf sample. 

Rasch Model Analysis 

The results from the Rasch analyses are displayed in 

tables and figures with labels and/or numbers identifying 

the items. Because the WISC-III is a protected test, only 

item numbers are used in tables and figures for the 

Similarities and Vocabulary subtests. Labels for the other 
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four subtests would not compromise the protected nature of 

these subtests, and permission to use such labels was 

granted by the test publisher, The Psychological Corporation 

(Prifitera, personal communication, March 14, 1994). Rasch 

Model item calibrations, standardized fit statistics, item 

point biserial correlations, and standardized differences 

are displayed for each of the six subtests hypothesized to 

contain biased items in Tables 4-9. The results for each 

subtest will be summarized below. The column labeled 

"STDDIF" in Tables 4-9 indicates the standardized 

differences in difficulties ,between the two samples. The 

last column in Tables 5-9 shows the standardized difference 

between the two samples when considering the impact of 

deafness on the difficulty of the item, which is explained 

by the difference in mean logit ability between the two 

samples. Furthermore, Figures 1-6, provide a graphical 

display of the relationships between the difficulties for 

the deaf and hearing samples. Items that fall outside the 

confidence limits exhibit DIF. The dashed line provides an 

indication of the impact of group membership. 

Picture Completion 

Because all deaf sUbj~cts' responses to items 1, 2, 4, 

5 and all hearing subjects' responses to items 1-4 were 

correct, the first five items were removed from the 

analysis. The mean logit ability for the deaf sample was 

1.63, while the mean logit ability for the hearing sample 
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was 1.71, indicating that the two groups were found to be 

similar in ability. Table 4 indicates that four of the 30 

items in the Picture Completion subtest exhibited DIF. 

Three items were more difficult for deaf children; one item 

was easier for deaf children. No significant misfit 

statistics were obtained. These item difficulties are 

plotted in Figure 1. Using this method, 13 items exhibited 

DIF by falling outside the 95%.confidence intervals: seven 

items were relatively harder and six items were relatively 

easier for the deaf children. All items found to exhibit 

DIF using the standardized difference method were also found 

to exhibit DIF by examination of the plot. Furthermore, 

Table 10, which shows the between fit statistics, indicates 

that all items that showed poor between fit were also items 

that exhibited DIF. Table 11 shows the fit statistics when 

the anchor item difficulties (difficulties for the hearing 

sample) were used with the deaf sample: two items showed 

poor infit and one item showed poor outfit. 

Information 

All items were retained for this analysis. Examination 

of Table 5 reveals that 12 of the 30 items exhibited DIF: 11 

items were harder for deaf children and one item was 

relatively easier. The mean logit ability for the two 

samples differed by 1.5 log its , indicating that this subtest 

was more difficult for the deaf sample. Impact, or the 

difference in ability plus DIF, resulted in 23 of the 30 
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items being significantly harder for deaf children. The 

infit of three items and the outfit of three items was poor 

for the deaf sample, while the infit of four items and the 

outfit of one item was found to be poor for the hearing 

sample. Different items exhibited misfit for the two 

samples. Table 12 shows the between fit statistics. Nine 

items had poor between fit statistics. Several items that 

exhibited the most DIF were among these poorly fitting 

items. The one item, item 22, that was relatively easier 

for deaf children, was also found to fit poorly between 

samples. Table 13 shows the fit statistics when the anchor 

item difficulties (difficulties for the hearing sample) were 

used with the deaf sample: eleven items showed poor infit 

and five items showed poor outfit. Again, item 22 fit 

poorly, both in terms of infit and outfit. 

Similarities 

Because all hearing children passed item 3, it was 

removed from the analysis. Table 6 reveals that this 

subtest contained many misfitting items for the deaf sample. 

The infit of six items was poor, two of which also had poor 

outfit statistics. Only three items had poor infit 

statistics for the hearing sample, and no items had poor 

outfit statistics. The standardized differences of seven 

items were significant, three of which were relatively 

harder for the deaf sample. The samples differed in mean 

logit ability by 1.17 logits. Impact, or the difference in 
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ability plus DIF, resulted in 15 of the 18 items being 

significantly harder for deaf children. Table 14 shows the 

fit statistics when the anchor item difficulties 

(difficulties for the hearing ~ample) were used with the 

deaf sample: six items showed poor infit and four items 

showed poor outfit. 

Arithmetic 

The first ten items were removed from the analysis 

because all deaf subjects passed item 1 and all hearing 

subjects passed items 1-10 •. Table 7 reveals that four items 

exhibited DIF: two items were relatively harder and two 

items were relatively easier for the deaf sample. The 

samples differed in mean logit ability by 1.81 logits. 

Impact, or the difference in ability plus DIF, resulted in 

13 of the 14 items being signi~icantly harder for deaf 

children. Two items had poor infit statistics and one item 

had a poor outfit statistic for the deaf sample. For the 

hearing sample, two other items had poor infits and one 

other item had a poor outfit. Table 15 shows the fit 

statistics when the anchor item difficulties (difficulties 

for the hearing sample) were used with the deaf sample: 

three items showed poor infit and no items showed poor 

outfit. 

Vocabulary 

The last two items on this subtest were removed because 

all persons in both samples failed the items. Table 8 shows 
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that this subtest contained only one misfitting item for the 

deaf sample. However, four items had poor infit statistics 

and one item had a poor outfit statistic for the hearing 

sample. Examination of the column of standardized 

differences shows that eight items were relatively harder 

and nine items were relatively easier for the deaf sample. 

However, the two samples differed in mean logit ability by 

2.44 logits. Impact, or the difference in ability plus DIF, 

resulted in 27 of the 28 items being significantly harder 

for deaf children. Table 16 shows the fit statistics when 

the anchor item difficulties (difficulties for the hearing 

sample) were used with the deaf sample: two items showed 

poor infit and no items showed poor outfit. 

Comprehension 

All items were retained for this analysis. Table 9 

indicates that seven items exhibited poor infit and three 

items had poor outfit for the deaf sample. Five items had 

poor infit and five items had poor outfit for the hearing 

sample. six items exhibited DIF: four items were relatively 

harder and three items were relatively easier for the deaf 

sample. The two samples differed in mean logit ability by 

.99 logits. Impact, or the difference in ability plus DIF, 

results in 14 of the 18 items being significantly harder for 

deaf children. Table ~7 shows the fit statistics when the 

anchor item difficulties (difficulties fo\- the hearing 
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sample) were used with the deaf sample: eight items showed 

poor infit and five items showed poor outfit. 



Table 3. 

PICTURE COMPLETION SUBTEST: 
Rasch Calibrations and Standardized Differences 

Item Item Deaf Deaf Deaf Deaf Deaf 
Label Nbr Diff Error Infit Outfit PtBis 
Mirror 6 -4.76 1.05 .49 .00 .12 
Man 7 -3.96 .77 .00 .00 .25 
Door 8 -3.46 .65 .70 .00 .22 
Ladder 9 -1.68 .37 -.96 -.70 .51 
Clock 10 -1.09 .32 .00 -.44 .43 
Belt 11 -2.33 .45 .32 -.04 .35 
Face 12 -1.54 .36 -.10 -.35 .42 
Dice 13 -1.09 .32 .88 .90 .30 
Dresser 14 -3.09 .57 -.21 -.14 .38 
Leaf 15 -1.82 .38 -.07 -.31 .41 
Bulb 16 -.90 .30 .18 -.48 .44 
Piano 17 .64 .24 .80 .59 .43 
Scissors 18 -.56 .28 .00 -.03 .45 
Whistle 19 -.11 .26 -.32 -.59 .50 
Bathtub 20 .59 .24 -.41 -.11 .51 
Thermometer 21 .34 .25 -.18 -.15 .49 
Profile 22 1.48 .23 1.08 .66 .40 
Telephone 23 1. 76 .23 1.17 .29 .41 
Goldfish 24 1. 76 .23 -.70 -.81 .53 
Trellis 25 2.09 .24 .71 .00 .42 
Orange 26 2.86 .25 .52 .00 .37 
Supermarket 27 3.19 .26 .51 .25 .36 
House 28 3.48 .28 1. 79 -.91 .48 
Umbrella 29 3.40 .27 .13 .00 .35 
Shoe 30 4.81 .39 .00 -.15 .28 

Hear Hear Hear 
Diff Error Infit 

-3.53 .76 .00 
-4.31 1.04 .00 
-4.31 1.04 .45 
-1.79 .41 .85 
-1.62 .39 -.06 
-1.97 .44 .56 
-.78 .31 .71 
-.88 .32 -.27 

-1.21 .35 1.20 
-2.70 .56 -.69 
-.35 .28 -.32 
-.51 .29 -.79 

.14 .25 .38 
-.06 .26 -.19 
-.27 .27 -.04 
1.23 .22 .55 
1.58 .22 .51 
1.53 .22 .91 
1.43 .22 -1.43 
2.02 .22 -.60 
2.32 .23 -.26 
2.42 .23 -.06 
3.62 .28 -.12 
3.32 .27 -1.11 
4.68 .38 .54 

Hear Hear 
Outfit PtBis 

.00 .28 

.00 .27 

.00 .07 

.37 .21 

.00 .36 
-.05 .29 
1.16 .23 
-.51 .44 
1.51 .16 
-.52 .45 
-.08 .43 
-.75 .49 
-.41 .37 
.15 .41 

-.39 .41 
.09 .36 

-.06 .35 
.71 .32 

-.92 .48 
-.42 .41 

.12 .37 
-.52 .37 
-.28 .31 
-.48 .38 

.00 .19 

STDDIF 
-0.95 

0.27 
0.69 
0.20 
1.05 

-0.57 
-1.60 
-0.46 
-2.81 
1.30 

-1.34 
3.06 

-1.86 
-0.14 
2.38 

-2.67 
-0.31 

0.72 
1.04 
0.22 
1.59 
2.22 

-0.35 
0.21 
0.24 

-...J 
r-.> 



Table 4. 

INFORMATION SUBTEST: 
Rasch Calibrations and Standardized Differences 

Item Item Deaf Deaf Deaf Deaf Deaf Hear Hear Hear Hear Hear 
Label Nbr Diff Error Infit Outfit PtBis Ditf Error Infit Outfit PtBis STDDIF IMPACT 

Nose 1 -6.60 .66 -.99 .00 .29 -6.96 1.50 .00 .00 .00 0.22 1.13 
Ears 2 -7.12 .78 .00 3.25 .13 -6.96 1.50 .00 .00 .00 -0.09 0.79 
Legs 3 -5.90 .53 -.32 .00 .27 -6.96 1.50 .00 .00 .00 0.67 1.61 
Thursday 4 -6.21 .59 1.27 3.93 .03 -6.13 1.11 -.54 .00 .23 -0.06 1.13 
Boil 5 -3.34 .32 -.68 -.05 .54 -6.13 1.11 -.54 .00 .23 2.42 3.71 
Coins 6 -3.77 .34 -.17 .00 .49 -5.22 .82 -.11 .00 .22 1.63 3.32 
March 7 -4.12 .35 1.12 .00 .41 -3.43 .47 1.46 .81 .23 -1.18 1.38 
Week 8 -4.00 .35 -.53 .00 .46 -6.96 1.50 .00 .00 .00 1.92 2.90 
Seasons 9 -2.24 .29 -1.59 -.49 .65 -3.93 .54 .24 .00 .28 2.76 5.20 
Dozen 10 -.83 .27 -.36 -.36 .65 -3.66 .50 -.03 1.00 .30 4.98 7.62 
Hours 11 -2.07 .29 -.96 _ -.57 .64 -3.93 .54 .51 .00 L28 3.03 5.48 
Stomach 12 -1.91 .29 .61 -.35 .60 -1.86 .32 .00 .00 .44 -0.12 3.36 
Columbus 13 • -.61 .27 -2.26 -.99 .71 -1.86 .32 -.18 -.25 ~48 2.99 6.57 
Oceans 14 -1.21 .28 1.31 3.18 .55 -1.56 .31 -.09 2.77 .42 0.84 4.43 
LeapYear 15 1.05 .29 .11 .00 .59 -.01 .26 1.95 1.38 .43 2.72 6.57 
Sun 16 1.14 .29 1.88 .72 .49 .59 .25 2.35 1.04 .45 1.44 5.35 
Oxygen 17 2.06 .32 2.54 .56 .42 -.43 .27 -.21 .61 .53 5.95 9.53 
Brazil 18 -.03 .27 1.64 .62 .56 .39 .26 -1.54 -.98 .65 -1.12 2.88 
Water 19 3.28 .39 -.46 .00 .50 2.33 .27 -2.00 -.64 .66 2.00 5.17 
Bulb 20 3.00 .37 -.99 .00 .55 1.97 .26 -.02 -.06 .57 2.28 5.59 
Populati 21 2.27 .33 -.84 .00 .60 1.90 .26 2.11 .69 .45 0.88 4.45 
Frank 22 2.06 .32 1.63 .53 .47 3.33 .31 -.08 .00 .48 -2.85 0.52 
Hieroglyp 23 3.78 .43 -.40 .00 .47 1.56 .26 -1.54 -.28 .64 4.42 7.40 
Glass 24 3.97 .44 -.68 .00 .45 1.97 .26 -.49 -.18 .59 3.91 6.85 
Greece 25 3.44 .40 -2.10 .00 .57 2.18 .27 .13 -.32 .57 2.61 5.72 
Rust 26 2.86 .36 -.86 .00 .55 3.33 .31 -1.21 -.19 .57 -0.99 2.17 
Barometer 27 4.17 .46 -1.54 .00 .48 3.43 .31 -1.53 -.27 .59 1.33 4.04 
Darwin 28 4.96 .57 .00 .00 .31 4.65 .40 -1.80 .00 .50 0.45 2.60 
London 29 5.34 .64 .31 .00 .27 4.21 .36 2.13 .00 .32 1.54 3.58 
Turpentin 30 6.61 1.04 -.03 .00 .22 6.31 .64 -.03 .00 .26 0.25 1.47 

....,] 

w 



Table 5. 

SIMILARITIES SUBTEST: 
Rasch Calibrations and Standardized Differences 

Item Deaf Deaf Deaf Deaf Hear Hear Hear 
Nbr Diff Error Inft Outft Diff Error Inft 

. 1 -2.73 .26 2.48 1.27 -3.20 .50 1.31 
2 -1.88 .19 2.58 2.77 -3.20 .50 1.59 
4 -3.03 .29 2.16 1.48 -3.89 .71 1.28 
5 -1.36 .17 3.12 1.41 -1.49 .24 2.78 
6 -2.73 .26 -.81 -.29 -1.55 .25 -1.13 
7 -2.08 .20 -1.41 -1.03 -2.63 .38 .45 
8 .00 .15 -2.96 -.60 .16 .16 -2.34 
9 .45 .15 .13 1.97 1.09 .15 -1.14 

10 -.63 .15 -2.74 -2.00 -1.38 .23 1.06 
11 .71 .15 -1.36 -1.53 .91 .15 .13 
12 .65 .15 1.:.57 .34 .19 .16 .69 
13 1. 75 .18 -.21 -.92 1.90 .15 -.85 

.14 .96 .15 -'-98 -1.56 1.30 .15 • 2.03 
15 .84 .15 1.'65 -.11 1.65 .15 -.46 
16 1.72 .18 -.94 -1.42 2.12 .16 .81 
17 1.82 .18 1.19 -.80 2.07 .16 .22 
18 3.16 .33 .00 -.38 2.73 .18 -1.45 
19 2.38 .22 -.75 -.56 3.22 .20 -.33 

Hear 
outft 

.73 
1.19 

.00 
1.08 

.73 
-.10 
-.73 

.26 
-.71 

.96 
-.04 

-1.19 
.92 

-1.09 
-.18 
-.70 

-1.12 
-.59 

STDDIF 

0.83 
2.47 
1.12 
0.44 

-3.27 
1.28 

-0.73 
-3.02 

2.73 
-0.94 
2.10 

-0.64 
-1.60 
-3.82 
-1.66 
-1.04 
1.14 

-2.83 

IMPACT 

2.91 
4.66 
2.65 
4.42 

-0.03 
4.01 
4.61 
2.50 
6.99 
4.57 
7.43 
4.35 
3.91 
1.70 
3.20 
3.82 
4.26 
1.11 

-.J 
~ 



Table 6. 

ARITHMETIC SUBTEST: 
Rasch Calibrations and Standardized Differences 

Item Item Deaf Deaf Deaf Deaf Hear 
Label Nbr Diff Error Infit Outfit Diff 
Pencils 11 -6.19 .60 .43 .00 -4.02 
Candy 12 -4.08 .25 2.75 1.22 -4.63 
Jim 13 -3.38 .21 -.73 .00 -4.02 
Newspapers 14 -1.94 .18 .37 .38 -2.79 
T-Shirts 15 -1.42 .18 1.63 1.61 -1.39 
Milk 16 -.49 .18 3.55 1.12 .11 
Dollars 17 .45 .18 -.83 .00 -.05 
Dozen 18 .06 .18 -1.64 -.45 .27 
Boxes 19 1.78 .20 -.21 .00 1.85 
Money 20 1.94 .20 -.99 .00 1. 78 
Trip 21 2.48 .25 -1.23 .00 2.86 
Pens 22 3.04 .34 -.55 .00 3.21 
Bicycle 23 3.50 .47 .26 .00 3.06 
Cars 24 4.24 .84 0000 .00 3.76 

Hear Hear Hear 
Error Infit Outfit 

.49 .47 .00 

.65 .37 .00 

.49 .92 .00 

.33 2.98 2.91 

.22 1.25 .45 

.17 1.54 .36 

.17 .60 -.32 

.16 .88 .65 

.16 -.12 -.18 

.16 -1.40 -.40 

.18 -.17 .72 
.• 20 -1.65 -.23 

.19 -2.48 -.64 

.23 -1.62 -.25 

STDDIF 
-2.80 

0.79 
1.20 
2.26 

-0.11 
-2.42 

2.02 
-0.87 
-0.27 

0.62 
-1.23 
-0.43 
0.87 . 0.55 

IMPACT 
-0.46 

3.39 
4.60 
7.08 
6.26 
4.89 
9.33 
6.64 
6.79 
7.69 
4.64 
4.16 
4.44 
2.63 

-...] 
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Table 7. 
VOCABULARY SUBTEST: 
Rasch Calibrations and Standardized Differences 

Item Deaf Deaf Deaf Deaf Hear Hear 
Nbr Dlff Error Infit outfit Dlff Error 

1 -4.43 .26 -.35 -.13 -3.13 .49 
2 -4.81 .30 -.18 -.22 -4.40 .95 
3 -4.81 .30 -1.00 -.19 -2.91 .44 
4 -2.75 .15 -1.33 -.17 -2.58 .38 
5 -3.19 .17 -1.81 -.43 -2.91 .44 
6 -2.71 .15 .08 1.22 -1.26 .21 
7 -2.80 .16 -.92 -.23 -1.39 .21 
8 -2.21 .15 1.02 .35 -3.77 .68 
9 -2.66 .15 -.90 .67 -1.18 .20 

10 -1.69 .15 2.31 1.23 -.97 .18 
11 -1.99 .15 .39 1.65 -1.39 .21 
12 -.68 .18 -1.32 -1.16 -1.30 .21 
13 -.45 .19 .77 1.29 .26 .15 
14 -.13 .20 .51 -.26 -.06 .15 
15 .15 .20 1.75 .01 -.41 .16 
16 .96 .23. 1.07 -.43 .50 .15 
17 1.07 .24 .35 .21 .92 .15 
18 1.65 .28 -.31 -.63 .31 .15 
19 1.24 .25 .60 -.44 1.13 .15 
20 3.59 .49 -.70 -.38 1.97 .16 
21 .85 .23 -.38 -.68 1.37 .16 
22 3.37 .46 .92 -.06 2.10 .16 
23 3.84 .51 -1.08 -.36 2.10 .16 
24 3.37 .46 -.35 -.28 2.29 .17 
25 1. 73 .28 -.61 -.66 3.14 .21 
26 3.84 .51 .31 -.19 3.38 .22 
27 4.83 .69 .12 -.20 3.85 .27 
28 4.83 .69 -.22 -.09 4.36 .32 

Hear Hear 
Infit outfit 
-.64 -.45 
-.03 .00 

.53 -.40 
-.04 -.29 

.27 .05 
-.59 .48 
1.17 2.65 
-.09 -.66 

-1.99 .70 
2.11 .89 
-.65 .99 

-1.15 .28 
-.48 1.38 
-.57 .85 

.11 -.62 

.45 .80 • 
1.90 .36 
1.15 -.20 

.77 -.34 
-2.27 -1.19 
-.72 -.50 

.24 -.59 
-1.29 -1.38 
-3.18 -1.24 

.01 -.58 

.20 .06 
-2.20 -1.17 
-.24 -.39 

STDDIF 
-2.34 
-0.41 
-3.57 
-0.42 
-0.59 
-5.62 
-5.34 

2.24 
-5.92 
-3.07 
-2.32 

2.24 
-2.93 
-0.28 

2.19 
1.68 
0.53 
4.22 
0.38 
3.14 

-1.86 
2.61 
3.26 
2.20 

-4.03 
0.83 
1.32 
0.62 

IMPACT 
2.06 
2.04 
1.01 
5.56 
4.58 
3.84 
3.90 
5.74 
3.84 
7.34 
7.13 

11.06 
7.15 
9.48 

11.71 
10.56 
9.15 

11.90 
8.75 
7.88 
6.85 
7.62 
7.82 
7.18 
2.94 
5.22 
4.62 
3.83 

-...J 
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Table 8. 

COMPREHENSION SUBTEST: 
Rasch Calibrations and Standardized Differences 

Item Item Deaf Deaf Deaf Deaf Hear Hear Hear Hear 
Label Nbr Diff Error Infit Outfit Diff Error Infit Outfit STDDIF IMPACT 
Finger 1 -4.14 .46 .68 -.31 -2.64 .39 .29 -1.34 -2.49 -0.85 
Smoke 2 -1.21 .18 -.94 -.23 -1.63 .27 -.16 .00 1.29 4.35 
Seatbelts 3 -2.70 .28 -.41 -.16 -2.14 .32 -.58 -.95 -1.32 1.01 
Wallet 4 -2.18 .24 3.39 3.21 -2.14 .32 1.54 -.19 -0.10 2.37 
Ball 5 -1. 70 .21 2.58 1.88 -1.15 .23 1. 73 .79 -1. 77 1.41 
Lights 6 -.03 .16 -.88 -.45 -.36 .18 .29 2.11 1.37 5.48 
Rules 7 1.05 .16 .00 .23 .32 .16 1.19 2.10 3.23 7.60 
Fight 8 -.39 .16 2.48 2.75 -.40 .19 3.93 4.84 0.04 4.03 
Telephone 9 -.41 .16 .73 -.36 -1.78 .28 1.71 2.71 4.25 7.32 
Inspect 10 -.03 .16 -2.84 -1.68 .16 .17 -.75 -.72 -0.81 3.43 
License 11 .58 .15 -1.59 -.26 .05 .17 -2.70 -1.91 2.34 6.70 
Newspaper 12 1.13 .16 -1.35 -1.32 .97 .15 -.59 -.18 0.73 5.24 
Ballot 13 .39 .15 -3.07 -2.25 1.56 .15 -1.93 -2.01 -5.52 -0.85 
Stamps 14 1.67 .17 4.33 1.37 1.07 .15 2.01 1.18 2.65 7.01 
Paperback 15 1.30 .16 -2.00 -.94 1.Q2 .15 -1.26 -1.18 1.28 5.79 
Promise 16 2.10 .18 -.95 -1.00 2.10 .16 -2.28 -1.92 0.00 4.11 
Senators 17 1.91 .17 .53 -.51 2.37 .16 -1.47 -1.86 -1.97 2.27 

-.,J 
-...J 
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Table 9. 

PICTURE COMPLETION SUB1EST: 
Between Fit Statistics 

Item Item 
Label Nbr BETWEEN FIT 

Mirror 6 0.35 
Man 7 -0.65 
Door 8 0.11 
Ladder 9 -0.86 
Clock 10 0.55 
Belt 11 -0.26 
Face 12 1.29 
Dice 13 -0.33 
Dresser 14 2.69 
Leaf 15 0.94 
Bulb 16 0.97 
Piano 17 2.74 
Scissors 18 1.63 
Whistle 19 -0.84 
Bathtub 20 1.98 
Thermometer 21 2.63 
Profile 22 -0.22 
Telephone 23 -0.43 
Goldfish 24 0.09 
Trellis 25 -1.23 
Orange 26 0.81 
Supermarket 27 1.55 
House 28 0.00 
Umbrella 29 -1.11 
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Table 10. 

PICTURE COMPLETION SUB1EST 
Anchored Difficulty Fit Statistics 

LABEL ITEM DIFF ERROR INFIT OUTFIT 

Mirror 6 -3.53 .67 -.64 .00 
Man 7 -4.31 .90 .70 .00 
Door 8 -4.31 .90 1.61 1.03 
Ladder 9 -1.79 .38 -.59 -.64 
Clock 10 -1.62 .36 1.28 .00 
Belt 11 -1.97 .40 -.44 -.48 
Face 12 -.78 .29 -1.83 -1.34 
Dice 13 -.88 .30 .30 .46 
Dresser 14 -1.21 .32 -3.42 -1.67 
Leaf 15 -2.70 .50 1.78 .54 
Bulb 16 -.35 .27 -1.27 -1.17 
Piano 17 -.51 .28 3.88 2.18 
Scissors 18 .14 .25 -1.14 -1.04 
Whistle 19 -.06 .26 -.75 -.84 
Bathtub 20 -.27 .26 1.91 1.16 
Thermometer 21 1.23 .23 .11 -.25 
Profile 22 1.58 .23 .79 .54 
Telephone 23 1.53 .23 .83 .16 
Goldfish 24 1.43 .23 -~.oo -.85 
Trellis 25 2.02 .23 .47 -.13 
Orange 26 2.32 .24 -.06 -.41 
Supermarket 27 2.42 .24 -.40 -.16 
House 28 3.62 .29 -.73 -.70 
Umbrella 29 3.32 .27 .14 .00 
Shoe 30 4.68 .39 .00 -.23 
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Table 11. 

INFORMATION SUBTEST: 
Between Fit Statistics 

Item Item 
Label Nbr BETWEEN FIT 
Nose 1 -0.43 
Ears 2 -0.62 
Legs 3 -0.11 
Thursday 4 0.76 
Boil 5 1.00 
Coins 6 -0.72 
March 7 2.97 
Week 8 1.17 
Seasons 9 0.47 
Dozen 10 3.06 
Hours 11 0.87 
Stomach 12 2.18 
Columbus 13 0.01 
Oceans 14 1.09 
LeapYear 15 -0.32 
Sun 16 0.15 
Oxygen 17 3.58 
Brazil 18 3.20 
Water 19 -0.67 
Bulb 20 -0.37 
Population 21 0.55 
Frank 22 4.31 
Hieroglyphics 23 2.58 
Glass 24 2.05 
Greece 25 0.36 
Rust 26 2.42 
Barometer 27 -1.28 
Darwin 28 -0.11 
London 29 -0.34 
TurQentine 30 -0.68 
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Table 12. 

INFORMATION SUBTEST 
Anchored Item Difficulty Fit Statistics 

. 
LABEL ITEM DIFF ERROR INFIT OUTFIT 
Nose 1 -6.96 .50 -2.68 .00 
Ears 2 -6.96 .50 -1.41 1.96 
Legs 3 -6.96 .50 -.58 .00 
Thursday 4 -6.13 .41 .38 3.32 
Boil 5 -6.13 .41 3.45 1.38 
Coins 6 -5.22 .35 .30 .00 
March 7 -3.43 .30 1.83 .49 
Week 8 -6.96 .50 3.51 2.16 
Seasons 9 -3.93 .31 -.39 .00 
Dozen 10 -3.66 .31 3.41 1.49 
Hours 11 -3.93 .31 .• 37 .00 
Stomach 12 -1.86 .28 1.77 .27 
Columbus 13 -1.86 .28 -1.68 -.73 
Oceans 14 -1.56 .28 2.22 4.08 
LeapYear 15 -.01 .29 .30 .37 
Sun 16 .59 .31 2.69 1.05 
Oxygen 17 -.43 .28 2.81 2.08 
Brazil 18 .39 .30 4.23 1.72 
water 19 2.33 .39 -.53 .00 
Bulb 20 1.97 .36 -1.13 .00 
Population 21 1.90 .36 .32 .00 
Frank 22 3.33 .47 5.40 2.20 
Hieroglyphics 23 1.56 .34 -1.57 .00 
Glass 24 1.97 .36 -1.52 .00 
Greece 25 2.18 .38 -2.88 .00 
Rust 26 3.33 .47 2.75 .00 
Barometer 27 3.43 .48 1.34 .00 
Darwin 28 4.65 .67 .90 .00 
London 29 4.21 .59 .09 .00 
Tuq~entine 30 6.31 1.29 .57 .00 



Table 13. 

SIMILARITIES SUBTEST 
Anchored Item Difficulty Fit Statistics 

ITEM 
1 
2 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 

DIFF ERROR 
-3.20 .29 
-3.20 .29 
-3.89 .39 
-1.49 .18 
-1. 55 .18 
-2.63 .24 

.16 .16 
1.09 .16 

-1.38 .18 
.91 .16 
.19 .16 

1.90 .18 
1.30 .16 
1.65 .17 
2.12 .19 
2.07 .19 
2.73 .24 
3.22 .29 

INFIT 
3.36 
6.46 
3.61 
3.91 

.58 

.30 
-1.69 
1.91 

.90 
-.57 
3.36 
-.13 

.18 
4.68 

.12 
1.59 

-1.84 
1.23 

OUTFIT 
1.87 
5.15 
2.43 
2.01 
-.86 

.19 
1.09 
4.60 
1.33 
-.97 
1.47 
-.80 
-.90 
1.66 
-.79 
-.61 

-1.31 
.71 

82 
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Table 14. 

ARITHMETIC SUBlEST 
Anchored Item Difficulty Fit Statistics 

LABEL ITEM DIFF ERROR INFIT OUTFIT 
Pencils 11 -4.02 .21 -.73 .00 
Candy 12 -4.63 .26 2.77 1.56 
Jim 13 -4.02 .21 .63 .00 
Newspapers 14 -2.79 .19 1.63 1.60 
T-Shirts 15 -1.39 .19 2.30 1.77 
Milk 16 .11 .18 4.42 1.65 
Dollars 17 -.05 .18 .70 .00 
Dozen 18 .27 .18 -1.53 -.37 
Boxes 19 1.85 .20 -.12 .00 
Money 20 1. 78 .20 -1.31 .00 
Trip 21 2.86 .31 .58 .00 
Pens 22 3.21 .39 .00 .00 
Bicycle 23 3.06 .35 -.84 .00 
Cars 24 3.76 .59 -.54 .00 
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Table 15. 

VOCABULARY SUBlEST 
Anchored Item Difficulty Fit Statistics 

ITEM DIFF ERROR INFIT OUTFIT 
1 -3.02 .17 -.62 -.42 
2 -5.20 .40 .50 -.02 
3 -3.25 .19 -.91 -.51 
4 -2.52 .15 -.72 -.23 
5 -3.94 .24 .75 .24 
6 -1.58 .15 .90 1.11 
7 -2.52 .15 -.55 -.30 
8 -3.55 .21 2.77 1.33 
9 -1.26 .15 1.30 .92 

10 -1.16 .15 1.34 1.15 
11 -1.84 .15 .05 1.72 
12 -1.64 .15 .17 -.29 
13 .17 .19 .78 1.53 
14 .03 .19 .19 -.42 
15 -.31 .18 .59 .25 
16 .70 .21 .35 -.68 
17 1.50 .26 .53 .42 
18 .74 .22 -.32 -1.06 
19 1.16 .24 .19 -.68 
20 2.64 .37 -.64 -.65 
21 1.77 .28 .83 -.18 
22 2.75 .39 .46 -.30 
23 2.94 .41 -.65 -.71 
24 3.00 .42 -.26 -.50 
25 5.16 .70 2.14 .46 
26 4.05 .56 .22 -.21 
27 6.40 .30 .43 -.09 
28 6.40 .30 .23 .05 



Table 16. 

COMPREHENSION SUBTEST 
Anchored Item Difficulty Fit Statistics 

LABEL 
Finger 
Smoke 
Seatbelts 
Wallet 
Ball 
Lights 
Rules 
Fight 
Telephone 
Inspect 
License 
Newspaper 
Ballot 
stamps 
paperback 
Promise 
senators 
Freedom 

ITEM 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 

DIFF ERROR INFIT 
-2.64 .26 -1.91 
-1.63 .20 -.32 
-2.14 .22 -1.82 
-2.14 .22 2.99 
-1.15 .18 1.79" 
-.36 .16 -.60 

.32 .15 1.03 
-.40 .16 2.31 

-1.78 .20 6.90 
.16 .15 -2.44 
.05 .15 -.65 
.97 .16 -1.39 

1.56 .17 4.25 
1.07 .16 3.98 
1. 02 .16 -2.10 
2.10 .19 -.54 
2.37 .20 3.07 
2.62.21 .13 

OUTFIT 
-2.22 

.69 
-1.46 
2.97 

.72 

.21 
1.42 
2.72 
3.71 

-1.86 
-.41 

-1.60 
2.22 
1.84 

-1.29 
-.99 

.57 
-.47 
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CHAPTER 5 

DISCUSSION 

Mean Scores of Deaf Children 

86 

The first three questions involved the mean scores of 

deaf children. Deaf children obtain lower mean Verbal 

subtest scores than do hearing children, even under near 

optimal conditions that exist when the test is translated 

into their native language. In addition, the greater 

variability found among the Performance Scale subtest scores 

indicated that, although all the children who participated 

in the study were not identified as having additional 

handicapping conditions, some children did obtain extremely 

low scores. This was most likely due to the fact that many 

of the causes of deafness also cause other impairments. 

Deaf children obtained higher Verbal Scale scores when they 

had greater opportunity to learn by using their native 

language. This is evidenced by the fact that deaf children 

of deaf parents obtained higher Verbal IQs than the deaf 

children of hearing parents. Furthermore, deaf children at 

the East Coast site also obtained higher Verbal IQs, thus 

suggesting that context or type of educational program made 

a difference in children's Verbal IQ scores. These findings 

raise concern regarding the nature of the WISC-III Verbal 
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Scale as an intelligence, rather than an achievement, test, 

at least for deaf children. 

Test Construct Validity 

The fourth question asked whether test constructs were 

measured similarly for the two groups. The different 

covariance structures found for the deaf and hearing samples 

suggested that the underlying trait of intelligence was 

measured differently for the two groups. The estimated 

covariance structures were different, regardless of small 

sample sizes. Greater variability in the individual subtest 

scores and a different pattern of covariances among subtest 

scores were found in the sample of deaf children. A few 

extremely low and high scoring· subjects accounted for the 

greater variability. The etiologies of deafness may have 

also resulted in unidentified coexisting cognitive 

impairments that were reflected in a few extremely low 

Performance Scale subtest scores. Conversely, a very small 

subset of deaf children performed similarly to hearing 

children on Verbal subtests. The different pattern of 

covariances suggested that stronger or weaker relationships 

among subtests exist for the deaf sample. Thus, WIse-III 

subtests that may be strong predictors of certain traits for 

the hearing sample may not be so for the deaf sample and 

vice versa. Thus, it was concluded that the construct of 
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intelligence was measured differently in deaf children who 

use sign language. 

Item Fit 

Although the primary aim of the study was to answer the 

second research question by se~rching for DIF and bias, 

numerous items were found to exhibit poor fit for the deaf 

sample, indicating that the assumptions of the Rasch Model 

did not hold. The Rasch Model fails for a specific group 

when items are affected by parameters other than the latent 

trait and item difficulty, such as item discrimination or 

some other additional parameter (e.g., opportunity to 

learn). The items that had poor negative infits indicating 

overfit, or a deterministic response pattern at or near the 

ability level are listed in Table 18 along with their a 

priori and post-hoc hypothesized sources of bias. 

The assumptions of the Rasch Model did not hold for 

certain items. Deaf children's response patterns were 

highly unpredictable. For example, Vocabulary item #10 was 

hypothesized to be a biased item. As it turned out, it was 

not significantly more difficult for deaf children. It was 

however, a poor "ruler of ability" for deaf children. In 

other words, some deaf children got the item wrong, as 

hypothesized due to translation issues; the correct answer 

in ASL is not awarded full credit based on the keyed 
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responses provided in the manual. Other deaf children, 

however, were familiar with the keyed English response. 

There was a lack of fit where the item was supposed to 

provide the most information. Items that exhibited a poor 

positive infit indicating an aberrant response pattern are 

listed in Table 18 along with their a priori and post-hoc 

hypothesized sources of bias. 

Items that exhibited poor negative outfit indicating 

the overfit, or a deterministic model, and items that 

exhibited poor positive outfit indicating noise in the data 

or an aberrant pattern of responses at the extreme ends of 

the ability continuum are also listed in Table 18. 

Numerous items exhibited poor between fit or poor fit 

when hearing item calibrations were used as anchor item 

difficulties for the deaf sample. Poor item fit between the 

groups, indicated a differences in kind or the presence of 

multidimesionality for at least one of the two groups 

(Andrich, 1988). That is, the groups exhibited dissimilar 

response patterns to these items, indicating that group 

membership affects both the difficulties and fits of the 

items. 



TABLE 18. 

Items with Poor Fit statistics for Deaf Sample 

1. A LACK OF EXPOSURE IN 

T~e of Fit 
Poor Negative Infit 
Poor positive Infit 
Poor Positive Outfit 

2. TRANSLATION ISSUES: 

T~e of Fit 
Poor Negative Infit 
Poor Positive Infit 
Poor Negative Outfit 

THE EDUCATIONAL CURRICULUM: 

Item 
Information #13, 
Information #17 
Information #14 

Item 
Comprehension #13 
Vocabulary #10 
Comprehension #13 

#25 

3. FAMILIARITY WITH MUSICAL INSTRUMENTS: 

T~e of Fit 
Poor Negative Infit 

Item 
Similarities #4 

4. A LACK OF EXPOSURE IN THE HOME ENVIRONMENT: 

T~e of Fit 
Poor Positive Infit 

Item 
Comprehension #14 

5. NO READY EXPLANATION FOR MISFIT: 

T~e of Fit 
Poor Positive Infit 

Poor Negative Outfit 
Poor Positive Outfit 

Item 
Similarities #1, #2, #5 
Arithmetic #12, #16 
Similarities #10 
Information #3, #4 
Similarities #2 
Comprehension #3 

90 
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Item Bias 

The fifth research question asked whether specific 

items exhibited differential item functioning and whether 

the nature of the content of each item that exhibited DIF 

implied that the item was biased. Numerous items exhibited 

DIF. certain items were hypothesized, a priori, to be 

biased based on the examiner's knowledge of ASL, deaf 

culture, and deaf education. Such items were, in fact, 

found to exhibit DIF. These items along with their 

associated judgements of content bias, are listed in Table 

19. Post-hoc judgements of the contents of the numerous 

additional items that were found to exhibit DIF are also 

listed in Table 19. 

Some items were biased in favor of the deaf children. 

These items included: a) contents that are part of deaf 

education curriculum (similarities #15, #19; Vocabulary 

#11, #25; comprehension #17, #22), b) translations that make 

the nature of the item easier (Arithmetic #11; Comprehension 

#13), c) content that requires common sense (Comprehension 

#1), and d) content that involves fruit (Similarities #6). 

Finally, certain items were found to exhibit DIF in favor of 

deaf children, but no ready 'explanation was found for the 

following items: Picture Completion #14, #21. 
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Table 19. 

A Priori and Post-Hoc Judgements of Content Bias 

1. FAMILIARITY WITH MUSICAL INSTRUMENTS: 
a priori Picture Completion #17 

2. TRANSLATION ISSUES: 

a priori Information #5, #10, #17, #23 

3. REGIONALISMS (signs that vary across locations): 

4. 

a priori 
a priori 

A LACK OF EXPOSURE 

a priori 
a priori 

Information #9 
Vocabulary #8 

IN THE EDUCATIONAL 

Information #13 
Vocabulary #15, 

#23, 

CURRICULUM: 

#18, #20, 
#24 

#22, 

post hoc Information #11, #17, #19,#20, 

5. A LACK OF EXPOSURE 

a priori 
post hoc 
post hoc 

IN 

#23, #24, #25 

THE HOME ENVIRONMENT 

Comprehension #9, #14 
Picture Completion #20, #27 
Comprehension #11 

7. PHONETIC SIMILARITY TO ANOTHER ENGLISH WORK 

a priori Vocabulary #12, #23 

8. CONCEPT OF TIME 

post hoc Information #11 

9. CULTURAL DIFFERENCES 

post hoc Comprehension #7 

10. NO READY EXPLANATION 
Similarities #2, #10, #12 
Arithmetic #14, #17. 
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DTF and Implications for Test Use 

Impact is DIF plus the prior distribution of ability in 

the focal group. The impact of deafness on a child taking 

the WISe-III subtests results in Differential Testlet 

Functioning (DTF). That is, nearly all items were more 

difficult for deaf children in the absolute sense. Because 

there was such a large proportion of biased items, the deaf 

sample's mean subtest scores were greatly depressed. Thus, 

the distribution of ability is different for deaf children, 

and deaf children appear to.be of lesser ability on the 

construct of verbal intelligence. 

When numerous items exhibit DIF, DIF and DTF are 

intimately related. According to Shealy and stout (1993), 

"a test can consist of many items simultaneously biased by 

the same nuisance determinant (p. 212)." The assumption of 
, 

local independence does not hold because additional 

parameters affect the probability of a correct response. 

The test is multidimensional. Deaf children do appear, on 

the surface, to be of lower ability based on mean subtest 

scores. However, at the item level, it is clear that the 

presence of DIF affects item calibrations for the five 

verbal sUbtests. For example, items that involve 

translation issues are harder relative to adjacent items 

(e.g., Information #5 and #10). Most of the items that 
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exhibited a lack of fit or DIF were judged to be influenced 

by parameters specific to deafness, such as opportunities to 

learn in the home and school environments and translation 

issues. 

When DTF is a problem, it is nearly impossible to 

revise the existing instrument. As part of this stuqy, an 

attempt was made to eliminate misfitting items and items 

that exhibited DIF on the Information subtest in an effort 

to uncover and utilize the few appropriate items for deaf 

children. Items were eliminated and recalibrated several 

times. Practically all items were eliminated due to misfit 

and DIFi essentially, no subtest was left. Thus, efforts to 

design a test for deaf children based on a revision of the 

WISe-III would most likely be futile. According to Evard 

and Sabers (1979), if modifications to an existing 

instrument do not result in a valid test for a linguistic 

minority, then a new test should be developed. 

The development of deaf norms would serve as an 

inappropriate solution, becaus~ performance on subtests 

appears to be influenced by constructs other than 

intelligence. According to Messick, "adverse social 

consequences should not be attributable to any sources of 

test invalidity such as construct-irrelevant variance" 

(1989, p. 88). While deaf norms may discriminate between 
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high and low scoring individuals, the question remains, "on 

what trait?" Deaf norms would only perpetuate the practice 

of nonvalid test use. 

Psychologists use the WISe-III as part of the 

eligibility determination for special education. Why is a 

test of cognitive ability n~cessary for placement into deaf 

education? Hearing children do not take tests for placement 

into hearing (i.e., regular) education. Hearing children 

are referred for testing when there is a suspected cognitive 

impairment or when identification for a gifted program is 

necessary. Psychologists need a test for that is 
-appropriate for the id·entification of gifted or impaired 

deaf children. No test is yet available. 

Psychologists who work with deaf children also use the 

WIse-III to predict success in mainstream placement. While 

the WIse-III does demonstrate adequate criterion related 

validity, that is, it is correlated highly with measures of 

academic achievement, its construct validity is still highly 

questionable. How is it that a test can have predictive 

validity without construct validity? As mentioned earlier, 

method bias, or factors specific to deafness (opportunity to 

learn, translation issues, etc.) account for this high 

correlation. For those children who are members of various 

focal groups, the construct of intelligence is not 
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necessarily the only latent trait necessary for success on 

the WISC-III. Thus, deafness serves as a natural experiment 

that results in a lack of opportunity to learn, in this case 

via exposure through the auditory channels to the majority 

educational curriculum, language, and culture. Consequent

ly, for members of this minority group, there is a lesser 

probability of a correct response at the item level, a lower 

mean subtest score at the subtest level, and a different 

covariance structure at the test level. 

Limitatioris of the study 

The apparent limitation of this study is the possible 

nonrepresentativeness of the sample. Because children who 

have severe to profound, prelingual hearing losses with no 

additional handicapping conditions are members of a low 

incidence population, most deat children in deaf education 

do not meet the inclusion criteria used in this study. 

Attempts were made to choose children from three educational 

sites at three different geographical locations that were 

representative of deaf educational programs in the united 

states. However, the individual programs may have 

emphasized different content in their respective curricula, 

subsequently influencing the probabilities of correct 

responses on individual items. This phenomenon further 

serves, however, to support the notion that the WISC-III is 
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influenced by parameters other than the underlying latent 

trait of ability. 

The findings are also limited in that they do not 

provide an explanation for why deaf children are not 

learning in school. Factual information and certain 

concepts that are tacitly learned by or that are regularly 

taught to hearing children are unfamiliar to deaf children . 
. 

However, deaf children do have knowledge of a few facts or 

concepts that are more difficult for hearing children, most 

likely because they have been exposed to the information at 

school. Moreover, the mean Verbal IQ score at one school 

was significantly higher than that at another school, 

possibly because the children are exposed to different 

curricula. This interpretation of the findings is post-hoc 

in nature and needs further investigation. 

Directions for Future Research 

The deaf children in this study were at a distinct 

disadvantage when taking the five WIse-III Verbal subtests 

and certain items on the Performance subtest, Picture 

Completion, as compared to a sample of hearing children. 

Psychologists, however, compare deaf children to the 

published normative data from the standardization sample of 

children across the united states. Therefore, it would make 

sense to search for DIF and DTF when the sample of deaf 
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children is compared to the 1,800 children, ages 8 through 

16, from the standardization sample. Furthermore, parameter 

estimates would be more precise with such a large sample. 

In fact, this project is currently underway, and Tables Al

A6 in Appendix A have columns showing the Rasch calibrations 

and fit statistics for the deaf and standardization samples 

as well as the associated DIF and IMPACT statistics. 

Deaf children who use sign language are viewed as 

members of a linguistic, cultural, and educational minority. 

Opportunities to learn have traditionally been unequitable 

for minority populations, as r~flected in low test scores. 

Deaf children obtain low mean subtest scores. However, they 

are not hypothesized to be merely a cognitively delayed 

group of children. To demonstrate this point, deaf children 

should be compared to a younger group of majority members. 

The presence of DIF would indicate that deaf children do not 

appear to perform as if they were delayed (or younger); 

rather, they perform differently. 

Deaf children who use sign language are routinely 

administered tests of cognitive ability. An inherent 

assumption underlying this practice is that deaf children 

have coexisting cognitive impa~rments. In fact, low mean 

subtest scores have been used to support this assumption. 

Therefore, a sample of deaf children should be compared to a 
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sample of impaired, hearing children with a similar VIQ and 

PIQ scores. Hearing children with large VIQ - PIQ 

discrepancies are considered to be learning disabled. The 
, 

presence of DIF or DTF would further sUbstantiate the claim 

that deaf children who use sign language are not merely 

members of an impaired group and do not perform as such. 

Finally, the lack of sufficient opportunities to learn 

for deaf children needs serious attention. Why is it that 

deaf children do not have the same general fund of 

information as do their hearing counterparts? So much time 

in deaf education is spent on language arts, yet deaf 

children still have difficulty with verbal items that are 

translated into their native language. Most of the biased 

items involved not cultural and linguistic differences, but 

educational differences. What"are deaf children learning in 

school? Are some curricula better than others? If some 

curricula are better or worse, do educational opportunities 

explain differences in mean Verbal IQ scores of children at 

various program sites? How can opportunity to learn be 

measured? If educators and psychologists are not cognizant 

of what deaf children typically know and should know, how 

can psychometricians design a construct and content valid 

test to be used for the purpose of identifying gifted or 

impaired deaf children? 
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APPENDIX A 

DIF DETECTION: THE WISC-III STANDARDIZATION 

SAMPLE AS THE REFERENCE GROUP 

Standardization data of the WECHSLER INTELLIGENCE SCALE FOR 
CHILDREN - THIRD EDITION. Copyright E 1990 by The 
Psychological corporation. Used by permission. All rights 
reserved. 



Table A-I. 

PICTURE COMPLETION SUBTEST: 
Rasch Calibrations and Standardized Differences of Deaf and Standardization (Norm) Samples 

Item Item Deaf Deaf Deaf Deaf Deaf Norm Norm Norm Norm Norm 
Label Nbr Diff Error Infit Outfit PtBis Diff Error Infit Outfit PtBis STDDIF 
Cat 3 -4.54 1.05 1.15 .00 .12 -6.45 .60 .40 .00 .03 1.58 
Mirror 6 -4.54 1.05 1.15 .00 .12 -3.90 .20 .25 -.67 .20 -0.60 
Man 7 -3.75 .77 .96 .00 .26 -3.62 .18 .75 -.43 .19 -0.16 
Door 8 -3.26 .64 1.25 .00 .22 -2.62 .12 -.25 -.34 .29 -0.98 
Ladder 9 -1.50 .37 .77 -.69 .50 -1.56 .09 1.40 .85 .30 0.16 
Clock 10 -.92 .32 1.00 -.44 .43 -1.83 .09 .99 1.39 .29 2.74 
Belt 11 -2.15 .44 1.06 -.04 .35 -1.61 .09 .96 -.32 .33 -1.20 
Face 12 -1.37 .35 .94 -.36 .43 -1.52 .09 .60 -.33 .34 0.42 
Dice 13 -.92 .32 1.17 .90 .29 -1.22 .08 .98 .79 .35 0.91 
Dresser 14 -2.90 .57 .84 -.15 .38 -.76 .07 3.07 2.28 .31 -3.73 
Leaf 15 -1.64 .38 .94 -.33 .41 -.78 .07 .13 -.65 .40 -2.23 
Bulb 16 -.73 .30 1.01 -.49 . .44 -.42 .07 -2.91 -3.22 .49 -:-1.01 
Piano 17 .82 .24 1.09 .59 .43 .09 .06 1.38 -.26 .41 2.95 
Scissors 18 -.38 • .28 1.00 -.02 .44 -.02 .06 -.2.60 -1.48 .49 ~1.26 
Whistle 19 .06 .26 .95 -.61 .50 .08 .06 .81 .07 .42 ';"0.07 
Bathtub 20 .76 .24 .95 -.11 .51 .29 .06 -1.96 -2.02 .48 1.90 
Thermomet 21 .52 .25 .98 -.12 .49 1.40 .06 2.31 .21 .39 -3.42 
Profile 22 1.66 .23 1.12 .76 .40 1.55 .06 2.60 .59 .38 0.46 
Telephone 23 1.94 .23 1.13 .42 .41 1.71 .06 .48 -.39 .41 0.97 
Goldfish 24 1.94 .23 .92 -.84 .53 1. 73 .06 -1.88 -2.16 .45 0.88 
Trellis 25 2.27 .24 1.08 .00 .42 2.20 .06 -2.26 -2.26 .43 0.28 
Orange 26 3.04 .25 1.06 .00 .37 2.53 .06 -1.23 -1.91 .40 1.98 
Supermark 27 3.37 .26 1.07 .25 .36 2.89 .06 .64 -.99 .34 1.80 
House 28 3.66 .28 .75 -.95 .48 3.23 .07 -1.26 -2.22 .36 1.49 
Umbrella 29 3.58 .27 1.01 .00 .35 4.11 .08 .20 -.89 .26 -1.88 
Shoe 30 4.99 .39 .98 -.18 .28 4.51 .09 .22 -.52 .22 1.20 

IMPACT 
1.32 

-0.89 
-0.56 
-1.46 
-0.66 

1.80 
-1.89 
-0.44 
-0.03 
-4.27 
-3.03 
-2.01 
1. 70 

-2.34 
-1.24 

0.65 
-4.63 
-0.84 
-0.34 
-0.42 
-0.97 

0.78 
0.64 
0.42 

-2.98 
0.42 

I-' 
o 
I-' 



Table A-2. 

INFORMATION SUBTEST: 
Rasch Calibrations and Standardized Differences of Deaf and Standardization (Norm) Samples 

Item Item Deaf Deaf Deaf Deaf Deaf Norm Norm Norm Norm Norm 
Label Nbr Diff Error Infit Outfit PtBis Diff Error Infit Outfit PtBis STDDIF IMPACT 
Nose 1 -6.60 .66 -.99 .00 .29 -6.31 .66 .09 1.36 .12 -0.39 2.49 
Ears 2 -7.12 .78 .00 3.25 .13 -6.31 .78 .09 1.36 .12 -0.96 1.56 
Legs 3 -5.90 .53 -.32 .00 .27 -6.31 .53 .09 1.36 .12 0.66 4.07 
Thursday 4 -6.21 .59 1.27 3.93 .03 -8.88 .59 .00 .00 .06 2.30 4.13 
Boil 5 -3.34 .32 -.68 -.05 .54 -5.52 .32 -.53 .99 .18 5.45 10.77 
Coins 6 -3.77 .34 -.17 .00 .49 -4.52 .34 -.03 .00 .24 1.95 7.49 
March 7 -4.12 .35 1.12 .00 .41 -3.93 .35 1.42 .65 .25 -0.50 5.09 
Week 8 -4.00 .35 -.53 .00 .46 -4.37 .35 -1.41 -.06 .28 0.95 6.43 
Seasons 9 -2.24 .29 -1.59 -.49 .65 -2.56 .29 .52 1.75 .36 1.04 7.99 
Dozen 10 -.83 .27 -.36 -.36 .65 -2.80 .27 -.82 -.21 .37 6.76 14.06 
Hours 11 -2.07 .29 -.96 -.57 .64 -2.93 .29 -1.07 .70 .36 2.77 9.64 
Stomach 12 -1.91 .29 .• 61 -.35 .60 -1.26 .29 -1.25 -L.18 .49 -2.16 4.92 
Columbus 13 -.61 .27 ':'2.26 -.99 .71 -0.89 .27 .22 .45 .49 0.99 8.56 
Oceans. 14 -1.21 .28 ' 1.31 3.18 .55 -0.35 .28 -.82 '.23 .53 -2.98 4.40 
LeapYear 15 1.05 .29 .11 .00 .59 0.97 .29 5.16 3.94 .51 0.27 7.41 
Sun 16 1.14 .29 1.88 .72 .49 1.41 .29 9.90 5.09 .45 -0.91 6.28 
Oxygen 17 2.06 .32 2.54 .56 .42 1.91 .32 4.97 2.73 .53 0.46 7.00 
Brazil 18 -.03 .27 1.64 .62 .56 1.90 .27 -1.83 -1.63 .62 -6.98 0.72 
Water 19 3.28 .39 -.46 .00 .50 2.49 .39 -4.91 -2.30 .65 1.99 7.37 
Bulb 20 3.00 .37 -.99 .00 .55 2.77 .37 2.86 .71 .55 0.61 6.27 
Populati 21 2.27 .33 -.84 .00 .60 3.25 .33 -.73 -1.23 .58 -2.91 3.41 
Frank 22 2.06 .32. 1.63 .53 .47 3.54 .32 .28 . -1.16 .55 -4.52 1.98 
Hieroglyp 23 3.78 .43 -.40 .00 .47 3.48 .43 -5.42 -2.17 .63 0.69 5.58 
Glass 24 3.97 .44 -.68 .00 .45 3.85 .44 -1.04 -.44 .56 0.27 5.05 
Greece 25 3.44 .40 -2.10 .00 .57 3.97 .40 -3.09 -1.59 .57 -1.30 3.92 
Rust 26 2.86 .36 -.86 .00 .55 4.22 .36 -3.14 -1.56 .56 -3.69 2.09 
Barometer 27 4.17 .46 -1.54 .00 .48 4.60 .46 -2.39 -1.32 .52 -0.92 3.64 
Darwin 28 4.96 .57 .00 .00 .31 5.68 .57 -2.17 -.82 .42 -1.24 2.44 
London 29 5.34 .64 .31 .00 .27 5.82 .64 .73 -.37 .35 -0.74 2.54 
Turpentin 30 6.61 1.04 -.03 .00 -- .22 7.06 1.04 1.00 .00 .23 -0.43 1.60 

...... 
0 
N 



Table A-3. 

SIMILARITIES SUBTEST: 
Rasch Calibrations and Standardized Differences of Deaf and Standardization (Norm) Samples 

Item Deaf Deaf Deaf Deaf Norm Norm Norm Norm 
Nbr Diff Error Inft Outft Diff Error Inft Outft STDDIF IMPACT 

1 -2.55 .25 2.20 .90 1.15 .07 9.90 9.90 -14.25 -12.17 
2 -1.72 .19 2.45 2.60 1.50 .07 9.90 9.90 -15.90 -13.24 
3 -1.80 .19 2.85 .63 1.35 .07 9.90 9.90 -15.56 -12.89 
4 -2.83 .29 2.06 .97 -4.06 .13 5.94 1.38 3.87 5.57 
5 -1.22 .17 3.18 1.33 -4.00 .12 6.82 2.82 13.36 15.95 
6 -2.55 .25 -.86 -.43 .67 .04 -9.90 -9.90 -12.72 -10.59 
7 -1.91 .20 -1.41 -1.04 .70 .04 -9.90 -9.90 -12.80 -10.15 
8 .09 .14 -3.03 -.65 .74 .04 -9.90 -9.90 -4.46 -0.76 
9 .53 .14 .31 1.78 -2.23 .06 -1.53 -1.04 18.12 21.67 

10 -.52 .15 -3.07 -2.10 -2.63 .07 1.13 -.02 12.75 16.01 
11 .79 .15 -1.52 -1.64 -.30 .04 -9.90 -9.90 7.02 10.50 
12 .72 .15 1.48 .50 .63 .04 -9.85 -8.42 0.58 4.06 
13 1.80 .18 -.34 -.99 -1.06 .05 9.90 3.22 15.31 18.20 
14 1.03 .15 -1.00 -1.52 .41 .04 2.43 1.38 3.99 7.47 
15 .92 ·.15 1.47 -.18 .08 .04 9.79 6.09 5.41 8.89 
16 1.77 ·.18 -1.07 -1.48 1.64 .04 2.56 -1.18 0.71 3.63 
17 1.87 .18 1.05 -.84 1.55 .04 7.26 2.36 1.74 4.66 
18 3.18 .32 .00 -.43 1.49 .04 9.90 5.43 5.24 6.91 
19 2.42 .22 -.82 -.57 2.37 .05 -6.46 -7.96 0.22 2.62 

I-' 
o 
w 



Table A-4. 
ARITHMETIC SUBTEST: 
Rasch Calibrations and Standardized Differences of Deaf and Standardization (Norm) Samples 

Item Item Deaf Deaf Deaf Deaf Norm Norm Norm Norm 
Label Nbr Diff Error Infit Outfit DHf Error Infit outfit STDDIF IMPACT 
Trees 2 -3.06 .30 .91 .00 -4.86 .66 .91 .00 2.48 5.27 
Leave4 3 -3.06 .30 -.52 .00 -4.86 .66 .91 .00 2.48 5.27 
Leave9 4 -2.89 .29 .00 .00 -4.27 .46 .96 .00 2.54 6.25 
IceCrea 5 -3.26 .32 -.46 .00 -4.27 .46 .98 .00 1.80 5.41 
Apple 6 -2.31 .26 -.93 .00 -3.14 .23 1.57 -.39 2.39 8.21 
Books 7 -2.31 .26 -2.03 .00 ';'2.88 .20 1.57 -.27 1.74 7.90 
Crayons 8 -3.26 .32 .00 .00 -3.14 .23 1.64 2.18 -0.30. 4.82 
Pennies 9 -2.06 .25 -.34 1.22 -3.05 .21 1.69 -.37 3.03 9.22 
Cookies 10 -2.89 .29 1.53 1.25 -2.50 .16 .96 -1.15 -1.18 4.92 
Pencils 11 -3.26 .32 .72 .00 -2.04 .13 1.06 -.84 -3.53 2.32 
Candy 12 -1.94 .24 4.11 1.17 -1.41 .10 3.66 .94 -2.04 5.73 
Jim 13 -1.23 .21 -.89 -.12 -.97 .08 3.90 -.29 -1.16 7.83 
Newspapers 14 .12 .17 .08 .00 -.42 .07 6.06 5.66 2.94 13.92 
T-Shirts 15 .56 .16 .76 .81 .75 .05 3.91 2.32 -1.13 10.92 
'Milk 16 1.33 •• 17 2.80 .80 1.84 .04 9.43 .4.43 -2.92 8.65 
Dollars 17 2.10 .17 -1.42 .73 2.20 .04 3.53 2.56 -0.57 10.99 
Dozen 18 1.77 .17 -2.29 -.38 2.65 .04 4.08 .44 -5.04 6.53 
Boxes 19 3.29 .19 -.82 .00 4.13 .04 -8.65 -2.23 -4.33 6.08 
Money 20 3.44 .19 -1.49 .00 4.23 .04 -5.71 -2.57 -4.07 6.33 
Trip 21 3.94 .24 -1.49 .00 5.03 .05 -6.30 -1.40 -4.45 3.79 
Pens 22 4.48 .33 -.70 .00 5.24 .05 -2.93 -1.49 -2.28 3.78 
Bicycle 23 4.91 .45 .00 .00 5.58 .05 -8.60 -2.38 -1.48 2.98 
Cars 24 5.60 .79 .00 .00 6.14 .07 -4.47 -1.92 -0.68 1.87 

...... 
o 
~ 



Table A-5. 

VOCABULARY SUBTEST: 
Rasch Calibrations and Standardized Differences of Deaf and Standardization (Norm) Samples 

Item Deaf Deaf Deaf Deaf Norm Norm Norm Norm 
Nbr Diff Error Infit Outfit Diff Error Infit outfit STDDIF IMPACT 

1 -4.43 .26 -.35 -.13 -3.53 .13 .39 .03 -3.10 4.37 
2 -4.81 .30 -.18 -.22 -2.99 .09 -.72 -.27 -5.81 1.12 
3 -4.81 .30 -1.00 -.19 -3.11 .10 .46 .13 -5.38 1.49 
4 -2.75 .15 -1.33 -.17 -3.37 .12 .82 .17 3.23 14.52 
5 -3.19 .17 -1.81 -.43 -2.76 .08 -1.53 -.14 -2.29 9.26 
6 -2.71 .15 .08 1.22 -1.90 .06 -2.30 .00 -5.01 8.42 
7 -2.80 .16 -.92 -.23 -1.84 .05 .79 2.24 -5.73 7.22 
8 -2.21 .15 1.02 .35 -3.18 .10 .49 .01 5.38 17.42 
9 -2.66 .15 -.90 .67 -1.36 .05 .04 1.17 -8.22 5.50 

10 -1.69 .15 2.31 1.23 -1.56 .05 .94 1.13 -0.82 12.90 
11 -1.99 .15 .39 1.65 -1.16 .04 -.76 .01 -5.35 8.63 
12 -.68 .18 -1.32 -1.16 -1.12 .04 -1.48 -.27 2.39 14.15 
13 -.45 .19 .77 1.29 -.13 .04 2.57 2.06 -1.65 9.53 
14 -.1,3 .20 .51 -.26 -.31 .04 -.27 • .19 0.88 1l~52 
15 .15 .20 1. 75 .01 .02 .04 2.21 .18 0.64 11~28 
16 .96 .23 1.07 -.43 .68 .04 -.46 -.13 1.20 10.49 
17 1.07 .24 .35 .21 .85 .04 .53 .02 0.90 9.82 
18 1.65 .28 -.31 -.63 .82 .04 .13 -.37 2.93 10.61 
19 1.24 .25 .60 -.44 1.01 .04 .52 -.37 0.91 9.48 
20 3.59 .49 -.70 -.38 1. 76 .04 -1.80 -.41 3.72 8.14 
21 .85 .23 -.38 -.68 1.39 .04 .28 -.48 -2.31 6.98 
22 3.37 .46 .92 .-.06 1.85 .04 .11 -.39 3.29 7.99 
23 3.84 .51 -1.08 -.36 2.19 .04 -1.12 -.71 3.23 7.47 
24 3.37 .46 -.35 -.28 2.54 .05 -2.03 -.65 1. 79 6.48 
25 1. 73 .28 -.61 -.66 2.83 .05 -.93 -.53 -3.87 3.76 
26 3.84 .51 .31 -.19 3.56 .06 -.77 -.49 0.55 4.77 
27 4.83 .69 .12 -.20 3.80 .07 .23 -.30 1.49 4.61 
28 4.83 .69 -.22 -.09 5.04 .12 -.52 -.38 -0.30 2.80 
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Table A-6. 

COMPREHENSION SUBTEST: 
Rasch Calibrations and Standardized Difference for Deaf and Standardization (Norm) Samples 

Item -----neill--Deaf Deaf Deaf Deaf Norm Norm Norm Norm 
Label Nbr Diff Error Infit Outfit Diff Error Infit outfit STDDIF IMPACT 
Finger 1 -4.14 .46 .68 -.31 -3.82 .13 1.93 .55 -0.67 1.13 
Smoke 2 -1.21 .18 -.94 -.23 -1.70 .06 1.09 3.07 2.58 7.12 
Seatbelts 3 -2.70 .28 -.41 -.16 -3.31 .11 3.69 2.07 2.03 4.89 
Wallet 4 -2.18 .24 3.39 3.21 -3.81 .13 3.63 1.65 5.97 9.12 
Ball 5 -1.70 .21 2.58 1.88 -1.80 .06 7.25 4.08 0.46 4.40 
Lights 6 -.03 .16 -.88 -.45 -.10 .04 -2.43 3.24 0.42 5.64 
Rules 7 1.05 .16 .00 .23 .33 .04 4.84 7.65 4.37 9.58 
Fight 8 -.39 .16 2.48 2.75 -.83 .05 9.90 9.12 2.62 7.76 
Telephone 9 -.41 .16 .73 -.36 -1.23 .05 7.15 2.14 4.89 10.02 
Inspect 10 -.03 .16 -2.84 -1.68 .49 .04 -7.41 -3.18 -3.15 2.06 
License 11 .58 .15 -1.59 -.26 .82 .04 -8.71 -5.36 -1.55 3.99 
Newspaper 12 L13 .16 -1.35 -1.32 1.83 .04 -.19 -.88 -4.24 0.97 
Ballot 13 .39 .15 -3.07 -2.25 1.48 .04 .28 -2.26 -7.02 -1.48 
Stamps 14 1.67 .17 4.33 1.3.7 1.40 .04 4.38 .54 1.55 6.47 
Paperback 15 1.30 .16 -2.00 -.94 1.74 .04 -5.13 -6.61 -2.67 2.55 
Promise 16 2.10 .18 -.95 -1.00 2.37 .04 -8.88 -8.42 -1.46 3.20 
Senators 17 1.91 .17 .53 -.51 2.89 .05 -5.19 -7.01 -5.53 -0.68 
Freedom 18 2.66 .21 -.11 -.48 3.25 .05 -8.80 -7.14 -2.73 1.25 
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This AGREEMENT entered into as of December 15, 1993, between The Psychological 
Corporation, 555 Academic Court, san Antonio, Texas 78204-0952 (herein the 
"Publisher") and 

m\f!fE: SUSAN MALLER 
4309 N_ Rio cancion, ~1U 
Tuscan,.Ar:i.zooa 85718 

(herein the "Licensee"), w.tTNESSETH: 

WHEREAS, the Publisher is the copyright owner of Standardization Data for the 
---i!WEC~t'lmLER lM.'EttJ.GEN~ sC!AtE l;'OR cRILDREfr:"'i'HtEan!:b-nr:fmf""'(W'iSC'::r±I) "(heretn:t:1ie 

• Work· ) 1 and 

wti.EREAs, the Licensee wishes to use the difficulty level data for each item of the 
Work for dissertation research only (herein the ·uicensed uses·) • 

NOW, TBEREFORE, the Publisher and the Licensee agree that the Licensee may 
reproduce, have reproduced mld distribute reproductions of the Data, solely for 
the Licensed Uses and subject to the following terms and conditicms: . 

1. The License granted herein shall be for eo ptariod commancing with the date 
first stated. above and expiring DECEMBER. 1, 1.994, whereupOIl. all. of the Licensed 
Us'es shall cease. 

2. 'l'his Agreement sball only become effective if it is executed by the 
Licensee within thirt:y (30) days ot the effective date shown above. ' Pe::mission 
for eny exttmSian of the Agreement lIJUSt be secured in writing, from the Publisher_ 

3. It is understood and agreed that any PEE SHALL BE WAIVED. 

4 _ The Licl!IlSe granted herein is llOIl.-exclusive, and ncm-transferable to ~ 
third party wiehout prior written. pennission from. the Publisher _ It is agreed 
that no commercial use may be made of the Data or the reproduction authorized 
herein. All rights ill the Data not. herein granted to the Licensee are expressly 
reserved by the Publisher. 

5. The Licensed Uses specifically exclude the right to print, reprint, 
'-pub"I"ish, -copy~ ·'sel.I.-give 'away or' oti1erwif3e- 'cllstribuce; ··ort~ ... translate·; o.:t"~19o:·; 

adapt, or revise, or to reproduce any portion of the Data, either separately or 
as part of any other larger publication. except as othexwise expressly proV'ided 
herein. 
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6. Published reports of the Licensed Use shall not inc:l.ude reproduction of 
any of the data. actuaJ. tesc itelllS, or answers thereto UI1less separace pe:rmission 
therefor is granted in an addendum to this agreement. Al:lY published reports 
relating to the data shal.l. bear the following notice: 

Standardization. data of the WECHSLER lNTELLIGENCE SCALE FOR cm::LDREN - TEJ:RD 
EDITION. Copyright £ 1990 by The Psycilological. corporation. Used 'by 
permission. All. rights reser\Ted. 

7. The Licensee shall pro~ide the Publi~ with one copy containing any 
reproduction of the Licensed use Data pursuant to this Agreement • 

. 8# Ul2.0n ~~on 0Lt;:his a~~~!!I1..~_the LM:.~~aro;:.ees .. to %J!..t:um CQ 
PiiEl£slier any original copies of the Data Which have been provided to Licensee 'by 
Publisher and to destz:oy any copies of such Data which Licensee made or had made 
for..any pw:pose. 

9. This instrument constitutes the entire agreement betwQl;D. the parties. No' 
amendment or mQdification of this Agreement shall be valid unless in writing 
signed by both parcies. 'l'his Agreement shall be govem.eO. by and interpreted undu 
the ~aws of the State of ~exas. 

Date 

.. --- - .......... - _ .. -_.-_P' __ e. - .... _- -- .. -~' ... ~-... -" ...... -.-, -- ----.-----:""':~ 

0561t 
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APPENDIX C 

HUMAN SUB~ECTS APPROVAL 



Iluma .. Suhjrcls Comrnillet! 

September 14, 1993 

Susan Maller, M.A., Ed.S. 

THE UNIVERSITY Of 

ARIZONA 
HEALTH SCIENCES CENTER 

=''\)-'' 

Department of Educational Psychology 
Education Building 
Main Campus 

III 

1690 N. Warren (Dldg. 5260) 
Tuoon. Arizona SSn4 
(602) 626·6nl or 626-7S75 

RE: VALIDITY AND ITEM BIAS OF THE WISC-III WITH DEAF CHILDREN 

Dear Ms. Maller: 

We received documents concerning your above cited project. 
Regulations published by the U.S. Department of Health and Human 
Services [45 CFR Part 46.101(b) (2») exempt this type of research 
from review by our Committee. 

Thank you for informing us of your work. If you have any questions 
concerning the above, please contact this office. 

Sincerely yours, 

~~""""'~-fn-VY~O 
William F. Denny, M.D. 
Chairman, 
Human Subjects Committee 

WFD:sj 

cc: Departmental/College Review Committee 
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