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Preface

Since 1977, the Boys Town National Institute has employed a multidisciplinary-team approach to evalu-
ate the language and learning problems of hearing-impaired children. The rationale for such an approach
is that it affords the opportunity te examine the complex, interrelated factors that can affect a hearing-
impaired child’s ability to learn language and achieve academic success, most notably, in the area of read-
ing. Emphasis is placed on understanding the nature of a given child’s learning problems, as well as
establishing performance levels with objective measures. The ultimate goal of the evaluation is to develop
intervention and remediation strategies tailored to meet the needs of each child.

This unique clinical service prompted the state of Nebraska to contract with the Institute to perform
multidisciplinary evaluations on all the students enrolled in the state residential school for the deaf. In
1980, evaluations were performed on 150 students in the areas of (a) medicine (pediatrics, otolaryngology,
and genetics); (b) audiology, including a vestibular evaluation; (¢) psychology (intellectual evaluation); (d)
speech; (e) language (receptive and expressive); (f) academics {reading, spelling and math); and (g) visual
processing, short-term memory, and visual-motor coordination. To our knowledge, there are no studies
that have reported performance data in all these areas for a single sample of hearing-impaired children.
This situation, and the interest of our professional colleagues in our multidisciplinary assessment pro-
cedures, motivated us to analyze the evaluation data and to publish a comprehensive summary of the
results.

The monograph has been prepared with two major goals in mind. First, it is intended to provide the
reader with a detailed description of how we test hearing-impaired children, including a discussion of
some of the issues and problems encountered in this process. This information should be of particular in-
terest to teachers and clinicians who may wish to employ some of the procedures with the hearing-
impaired children they evaluate. The second goal is to quantify the performance of the students on a bat-
tery of tests in each evaluation area and to identify, through statistical analyses, those variables that
appear to have a significant effect on academic performance. In Part I (chapters 1-7), the information ob-
tained from the medical (pediatric, otolaryngologic, and genetic), audiologic, vestibular, speech, and in-
tellectual evaluations is presented to provide the reader with an in-depth description of the sample of
hearing-impaired students studied. Part 11 {chapters 8-11} presents data on the students’ language and
learning skills, including intercorrelations between measures in each evaluation area, relatively extensive
discussions of testing procedures, and interpretation of student performance. Part III (chapters 12-13)
presents the results of the multivariate analyses, summarizes the major findings, and discusses the im-
plications of the results for the management of hearing-impaired children and future research.

We recognize that the monograph suffers from a number of shortcomings. First, the major purpose of
the evaluation was to obtain information that would assist the staff at the school for the deaf in developing
an Individualized Education Plan (IEP) for each student. Thus, the clinicians’ main task during testing
was to administer procedures that would best yield this information. Because of the disparate abilities of
the students, even those who were in the same chronological age range, it was not always practical to ad-
minister all tests to each student. This reduced the number of subjects and tests that could be included in
the multivariate analyses. Secondly, measures that were both appropriate and practical to administer
were not always available to assess the skills of interest. Some measures were developed for the project,
but these are lacking reliability and validity data. Further, some areas simply ware not assessed
{speechreading and pragmatics) because of test limitations, test-development difficulties, or time con-
straints. Despite these problems, we are hopeful that the monograph will provide useful information to
the clinician, teacher, and researcher in understanding the language and learning problems of hearing-im-
paired children. It also should be stressed that identified deficits in the population studied should not be
viewed as an indictment of the particular school they attended, but rather as representative of the prob-
lems encountered in educating profoundly hearing-impaired children, at least in comparable educational
settings.

The monograph resulted from the close working collaboration between the staff at Boys Town National
Institute and the Nebraska School for the Deaf. We wish to express our sincere appreciation to the follow-

vii



ing individuals who assisted us during the stages of data collection, data analyses, and manuscript prepa-
ration: to Charlotte Lieser and Bonnie Boardman for typing the manuscript; to Jinda Skov, Patty Ker-
rigan, and Joanne Carvalho for proofreading; to Nene Field for conducting the telephone interviews with
the families; to Betty Jane Philips for coordinating the evaluations; to Walt Jesteadt and Eric Javel for as-
sistance in data analyses; to Mike Gorga, Mark Horton, Ron Netsell, and Ann Murray for reading and
evaluating sections in the monograph; to David Goldgar, who served as statistical consultant and per-
formed the statistical analyses; and, finally, to the staff and administration of the Nebraska School for the
Deaf, the Boys Town National Institute, and Father Flanagan's Boys” Home for their ongoing support
throughout the project. Data analyses were supported, in part, by grants from the National Institutes of
Health and the Easter Seal Research Foundation.

Mary Joe Osberger, Editor

Patrick E. Brookhouser, Director
Boys Town National Institute
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Foreword

S. Richard Silverman

Boys Town National Institute

Out of the effusive rhetoric that marks the seemingly interminable controversies about how profoundly
hearing-impaired children should be educated at least one fundamental point of agreement emerges,
namely, that primary emphasis on reading and writing the English language is essential. It may, in fact,
be reasonably argued that the level and the extent to which these abilities are achieved by students are
the indispensable, if not ultimate, tests on which the evaluation of varying techniques, methods, and even
philosophies undoubtedly rests. Recognition of this central concern of educators, confronted as they are
by amply documented discouraging results, moved Dr. Mary Joe Osberger and her associates, some from
allied fields, to investigate the language and learning skills of hearing-impaired students via a comprehen-
sive study of the Nebraska School for the Deaf. The school context afforded a realistic opportunity to ex-
amine as thoroughly as possible the variables that bear upon student performance in attaining those skills
that equip the student for continued learning.

The research is a significant contribution to the marshalling of extant materials, methods, and proce-
dures relevant to assessment of pertinent abilities, emphasizing quantification of skills and related sub-
skills, and to implications for targeted instruction. The thorough multivariate treatment of results consti-
tutes an advance over the many cited studies that examine controlled isolated factors which may not get at
the subtle but important interactions that are likely to affect the total learning picture. Sensitivity to this
point pervades the study.

The discussion wisely cautions against literal interpretations of age levels and other data and inferences
from isolated aggregate findings. The study carefully delineates the characteristics, as best they can be
specified, of the population of the school. Cited agreements with other studies suggested that the
Nebraska School population is “representative” or “typical” and thus may point to generalizability of re-
sults. This conclusion needs to be tempered by the possible influences of variables beyond the purview of
the study. Among these are educational settings, pupil-teacher ratio, availability and use of supportive
services, external forces {adult deaf, parents, legislature), and actual communicative environment. Fre-
quently, it is assumptions about these factors that fuel support for projects aimed at improving outcomes.
Nevertheless, whatever differences may exist among institutions, the results of the Nebraska status study
commend its body of data as an eminently rational point of departure for a disciplined objective approach
to the difficult task of improving the language and learning skills of all hearing-impaired students.

The investigation speaks for itself and is refreshingly free of the impassioned “advocacy” and tenden-
tious writing that divert attention from sound deliberation of fundamental questions. The pages that fol-
low reveal convincingly that the toughness of the challenge of amelioration of learning is matched by the
possibility of its accomplishment. In my judgment, this is the message of the monograph to all concerned
with the education of hearing-impaired children.

S. Richard Silverman

Gainesville, Florida
March 1986



Abstract

The major purpose of this study was to quantify the performance of a large group of profoundly hearing-
impaired students on a battery of tests that assessed a wide range of language (receptive and expressive},
academic (reading, spelling, math), and related learning {visual perception and short-term memory) skills,
The data were then subjected to multivariate analyses to examine the relation between academic achieve-
ment and the other skill areas. A secondary goal was to provide a detailed description of the charac-
teristics of the students and the assessment procedures, to discuss the strengths and weaknesses of the
measures used, and to identify problems in the application of formal assessment procedures with the
hearing impaired. The subjects consisted of 150 students (4-20 years of age) from a residential school for
the deaf which employed total communication. The results of the multivariate analyses revealed that lan-
guage, particularly expressive language, was the major determinant of academic achievement in the sam-
ple under study. Visual processing also contributed significantly to academic performance, although to a
much lesser extent than language. In contrast, hearing level, speech intelligibility, and short-term memo-
1y for linguistic material contributed relatively little information to understanding academic achievement,
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Chapter 1

Introduction

Mary Joe Osberger

Boys Town National Institute

PURPOSE

The devastating effect of a profound congenital hearing
loss on the development of language and communicative
skills has been of concern to parents, physicians, edu-
cators, and clinicians for decades. Recent studies (cf.
Kretschmer & Kretschmer, 1978; Quigley & Kretschmer,
1942) have continued to demonstrate severe developmen-
tal delays and deficits in language acquisition and
language-dependent areas of academics in the hearing-
impaired population despite major technological advances
in education, speech and hearing sciences, and commu-
nication engineering. Of particular concern is the con-
sistent finding that most profoundly hearing-impaired chil-
dren fail to reach the level of functional literacy (fourth-
grade reading level) by the time they graduate from high
school.

The apparent lack of success in helping hearing-
impaired students realize their full potential in language
and academics may be due to the fact that the problems in
these areas have not been adequately delineated. Little is
known about how hearing-impaired children acquire lan-
guage or the manner in which they learn to read. In addi-
tion, the relative importance of the many variables that
may affect a hearing-impaired child’s ability to learn lan-
guage and achieve academic success is not well under-
stood. Until some of the questions about the language and
learning process in the hearing impaired are answered,
more effective remediation procedures cannot be devel-
oped.,

In general, there is consensus among educators of the
deaf that the primary goal of every school program is to
teach the profoundly hearing-impaired child to read and
write the English language, although there is disagree-
ment about the methods that should be used to achieve
this goal. This is a formidable task when one considers that
these children must be taught directly most of the speech,
language, and reading skills that children with normal
hearing acquire effortlessly through their everyday audito-
ry experiences. Further, the language acquisition process
in the normal-hearing child is complex and our knowledge

in this area is still far from complete. It is well docu-
mented (cf. Bloom & Lahey, 1978) that language consists
of many component skills—phonology, semantics, syntax,
pragmatics—all of which are interrelated and enter into
the reading process, some to a greater extent than others
{Gibson & Levin, 1975). The area of reading has been a
major topic of research with normal-hearing as well as
hearing-impaired children because the ability to read well
is a prerequisite for most other aspects of academic educa-
tion. It too involves the mastery of component skills and
the use of interrelated processes that are not completely
understood in the child with normal hearing (Gibson &
Levin, 1975).

Even though it is commeonly acknowledged that the
reading and academic difficulties of the hearing impaired
are due largely to language deficits, few studies have docu-
mented this relation with quantitative data. Additionally,
it is not known if some components of language are rela-
tively more important than others in the development of
reading skills in the hearing impaired. The literature con-
tains a relatively large collection of studies on the language
and academic skills of hearing-impaired students, but
these studies generally have examined isolated areas of
performance. Research with normal-hearing subjects has
shown that selected learning abilities such as various forms
of visual processing, memory, and visual-motor coordina-
tion can affect reading and academic achievement {cf.
Bryan & Bryan, 1975). Whereas a number of studies have
examined memory processes in the hearing impaired,
these investigations have been directed toward under-
standing their cognitive abilities or their use of coding
strategies. In general, the results of such experiments pro-
vide little insight into the relation between learning skills
such as visual processing and overall language and aca-
demic performance.

The major purpose of this study was to quantify the per-
formance of a large group of severely and profoundly
hearing-impaired students on a battery of tests that as-
sessed a wide range of language, academic, and related
learning skills. These data then were used to examine the
relationship between academic achievement and the other



skill areas with multivariate analyses. Academic achieve-
ment was selected as the dependent variable for two major
reasons. First, the success of educating hearing-impaired
children generally is judged by their academic achieve-
ment. Secondly, academic achievement—in particular,
reading—appears to be dependent on language and the
other skills assessed in this study. The relative effect of
these skills on academic performance in the hearing im-
paired has not been quantified or investigated systemat-
ically.

A secondary goal was to provide a detailed description
of the assessment procedures, to discuss the strengths and
weaknesses of the measures used, and to identify prob-
lems in the application of formal procedures with the hear-
ing impaired. Thus, this report is intended to provide the
clinician and teacher with information on how to test the
hearing impaired and with normative data to compare the
performance of other samples of hearing-impaired stu-
dents. Because of these goals, detailed information about
the students and their performance on the various meas-
ures is included. The monograph also includes data on the
students’ performance on tests, particularly in the area of
language, which were not included in the multivariate
analyses. This information also is intended for the clinician
and teacher.

The monograph consists of three parts. Part I reports
the results of the medical (pediatric, otolaryngologic, ge-
netic), audiological, vestibular, speech production, and in-
tellectual evaluations. This information is descriptive in
nature and, with the exception of portions of the audiolog-
ical, speech production, and intellectual data, was not sub-
jected to statistical analyses. Part II consists of four chap-
ters that report the data on the language and learning
skills of the students, including intercorrelations between
measures in each area as well as correlations between
hearing level, speech intelligibility, and nonverbal intel-
ligence. Part I1I presents the results of the multivariate
analyses, summarizes the major findings, and discusses the
results of the study in relation to the educational manage-
ment of hearing-impaired children and future research.

METHOD

Subjects

The subjects consisted of 150 students (90 boys, 60 girls)
from the state residential school for the deaf. Total com-
munication had been used in the school for approximately
9 years. The students ranged in age from 4 vears 6 months
to 20 years 2 months, with a mean age of 13 years 5
months, Approximately 75% attended the school on a resi-
dential basis.

For purposes of data analyses, the students were divid-
ed into the eight age groups shown in Table 1. To form
age groups with similar sample sizes, the number of yearly
intervals in each group could not be kept constant. Thus,
some groups have a l-year age interval (Groups 5, 6, and
7), whereas the others have an interval of 2 years or more.
This situation was unavoidable because of the unequal dis-

4 ASHA Monographs

TABLE 1. Distribution of students as a function of age and sex.

Number of  Number of

Age range males females
Group (years) (n) (n) Total

1 4.5~ 7.5 11 2 13
2 7.6- 9.5 5 § 14
3 9.6-11.5 6 6 12
4 11.6-13.5 16 7 23
3 13.6-14.5 10 9 19
6 14.6-15.5 23 10 33
7 15.6-16.5 7 4 11
8 16.6-20.0 12 13 25

Total 90 60 150

tribution of students as a function of age. Keeping the
vearly interval constant would have resulted in groups
with large differences in sample size with the number of
subjects in some groups too small to permit meaningful
application of statistical procedures.

Table 2 summarizes the distribution of students in terms
of age group, hearing level, pure-tone average (dB HL in
the better ear), and nonverbal intelligence (performance
1Q as measured by the WISC-R). There is a relatively
even distribution of students as a function of age group
with the exception of the slightly larger preportion of stu-
dents in Groups 5 and 6. These two groups reflect the in-
creased incidence of deafness in the mid 1960s due to the
maternal rubella epidemic. The distribution of hearing
levels shows that roughly 60% of the students are pro-
foundly hearing impaired. The IQ data show a relatively
normal distribution of nonverbal intelligence with a slight
skewing toward the high end {PIQ > 115).

Note that nonverbal IQ data are missing for 5 of the stu-
dents. This was due to student absences, largely the result

TaBLE 2. Distribution of students as a function of age group,
hearing level (PTA, dB HL), and performance 1Q.

n Frequency (%)
Age group
land 2 28 18,7
3and 4 34 22.7
5and 6 52 34.6
7and 8 36 24.0
Total: 130 100.0
PTA
= 70 dB 25 16.7
71 — 90 dB 36 24.0
> 90 dB 89 59.3
Total: 150 100.0
PIQ
< 83 18 12.0
85 — 115 89 59.3
> 115 38 25.3
Missing 5 3.3
Total: 150 100.0
No. 23 1986



of illness. Because of this problem, which affected all test-
ing, it is noted throughout the monograph that the
number of students administered a given procedure may
total less than 150. Further, the disparate abilities of the
students, wide age range, time limitations, and the need
to obtain information relevant to the educational manage-
ment of each student made it impractical to administer
every test to each student. This was particularly true for
the language measures that generally were designed to as-
sess linguistic skills within restricted age ranges. Because
the number of students tested within each age category
varied widely on any given instrument, standard chi-
square goodness-of-fit procedures were used to determine
if the sample tested on each measure differed significantly
from the entire population with respect to age, hearing
level, and performance IQ {as shown in Table 2). The sub-
set of students tested on any individual measure did not
differ significantly from the entire population with respect
to hearing level and performance IQ. In contrast, signifi-
cant age differences were found between the sample test-
ed and the entire population for all the language measures
but not for the measures in any other area. This was to be
expected because the language tests assessed developmen-
tal skills and were given to children within relatively well-
defined age intervals. Thus, tests designed for preschool
children were not administered to high-school students
and vice versa. Also, students within an age group might
not have received all of the same measures because of dis-
parate language abilities. The criteria used to determine
which age groups received a particular test are noted
where appropriate in the chapters on language assessment
{chapters 8 and 9}.

Procedure

Each student received a 15-hr multidisciplinary evalua-
tion. The majority of this time (10 hr} was devoted to the
assessment of language, academic, and related learning
skills. Information obtained from the other evaluation
areas {medicine, audiology, speech, and psychology) are
used to present a detailed description of the population
studied. Performance in the majority of areas was assessed
with a battery of tests rather than isolated measures. This
approach was used because of the need to assess a broad
range of skills, which also entailed using many procedures
that had not been previously standardized with hearing-
impaired students, Measures selected were ones pre-
viously shown to be sensitive in identifying language and
learning difficulties in the hearing impaired, if not by for-
mal standardization with hearing-impaired children, at
least through several years of clinical experience at the
Institute. The rationale for the selection of particular
measures, as well as detailed information about our ap-

proach to assessing hearing-impaired children, is reported
elsewhere (Moeller & Eccarius, 1980; Moeller, Mec-
Conkey, & Osberger, 1983; Moeller, Osberger, Eccarius,
& McConkey, 1981).

All test instructions and test items were administered in
total communication by a clinician, who was fluent in sign,
or by an interpreter. Prior to the evaluation, the clinicians
met with the students’ teachers to ensure that the signs
used in the testing sessions were the same as those used
by the students in their school. Unless otherwise stated,
all tests were administered individually.

All correlations caleulated were partial correlations ad-
justed for both age and Wechsler Performance Intel-
ligence Quotient (IQ). This was necessary because many of
the measures used did not have adequate age or IQ norms
for the hearing-impaired population. When possible, the
performance of the hearing-impaired students in this study
was compared to other populations of hearing-impaired
children. These comparisons, however, are few because
only a limited number of investigations have employed the
same measures used in this study. Because this study did
not assess the skills of interest in a comparable sample of
students with normal hearing, the standardization data re-
ported in the various test manuals were used to compare
the performance of the hearing-impaired subjects to their
hearing peers. These comparisons are largely descriptive,
and, in general, tests of significance between the normal-
hearing standardization data and the data obtained from
the hearing-impaired students were not performed. For
those measures where the relationship between perform-
ance and age appeared to be of considerable clinical sig-
nificance, analyses of variance as well as correlations were
performed.
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Chapter 2

Medical Evaluation

Patrick E. Brookhouser

Michael Grush

Boys Town National Institute

PEDIATRIC EVALUATION

Each student received a screening physical and neu-
rological examination. The major purpose of this exam was
to confirm that each student was in good general health.
Because a more thorough examination was not performed,
no attempt was made to analyze the relation between
physical findings and the other variables of interest in this
report. The screening included examination of the head,
eyes, ears, nose, throat, lungs, abdomen, and a cursory
check for dysmorphic features. An attempt was made to
screen visual acuity, but technical difficulties precluded
securing reliable information in this area. If, however, re-
ports from teachers, clinicians, or parents suggested that a
child was experiencing visual acuity problems, s'he was
referred for an ophthalmology exam. A history was ob-
tained, which was a composite of information from par-
ents, medical records, and the students themselves. Be-
cause the majority of students were residents at the
school, information was secured from the parents via a
telephone interview conducted by a speech-language pa-
thologist prior to the time each student was evalnated.
More complete medical histories might have been ob-
tained had the physician been able to question the parents
at the time of the physical exam. Some information was
obtained from the students themselves, but those ques-
tioned, even the teenagers, demonstrated an amazing lack
of knowledge about their past medical histories. It should
be noted, however, that an interpreter was not always
available when the medical examination was performed.
Thus, failure to cbtain more accurate information from the
students might reflect communication problems between
them and the medical staff.

RESULTS

The physical abnormalities with the highest frequency
of occurrence are summarized in Table 3. As the results
show, the highest incidence involved dental problems,
which included dental caries, thick dental plaque, maloc-
clusion, and gingivitis. The next highest incidence con-

TaBLE 3. Incidence of physical abnormalities on the pediatric ex-
amination {(n = 150).

Abnormality n %
Dental problems a7 18
Minor anomalies (3 or more) 22 15
Congenital heart disease 9 6
Microcephaly 8 5

sisted of the presence of three or more minor anomalies,
including clinodactyly, simian crease, frontal bossing, nar-
row palates, and arachnodactyly. Congenital heart disease
and microcephaly occurred with roughly the same fre-
quency. In addition, the medical examination revealed 6
cases of obesity, 2 cases of short stature, and severe
scoliosis, 3 cases of cerebral palsy, and 1 case of cleft lip
and cleft palate.

The most common physical abnormalities also were ex-
amined in terms of the eight age groups. These results are
shown in Table 4. There appears to be no clear-cut trend
with respect to age except for a slightly higher incidence of
dental problems in Groups 2 and 3 and a lower incidence
of minor anomalies in Groups 1, 7, and 8 than in the other
groups.

TaBLE 4. Incidence of physical findings expressed in terms of age
group.

Congenital
Dental Minor heart Micro-
problems anomalies disease  cephaly
Group Age n % n % n % n %

1 47-75 1 8 1 8§ 0 0 2 15
2 76-95 5 36 3 21 0 0 1 7
3 96115 4 33 3 25 2 17 0 o
4 116-135 3 14 4 18 1 5 1 5
b] 13.6-145 3 16 4 21 O o 0 0
6 146-155 6 18 4 12 4 12 1 3
7 156-165 2 18 1 g 1 9 2 18
8 166206 3 13 2 8 1 4 2 8




The findings with respect to the etiologies of the hearing
losses are presented in chapter 3 with the results of the
genetic evaluation.

OTOLARYNGOLOGIC EVALUATION

The medical evaluation also included a comprehensive
otolaryngologic examination. Positive findings were cate-
gorized according to the classification scheme in Table 5.

TasLE 5. Scheme used to elassify otolaryngologic abnormalities.

Category Physical abnormality

Acute or subacute  Opacified/retracted TM
middle-ear disease  Reddened TM
Injected TM
Eustachian tube dysfunction (intermittent
or other)
Middle-ear effusion

Chronic middle-ear Thickened/scarred TM
disease Myringo-incudo-stapediopexy
Monomeric TM/atrophic
changes/retraction pockets
Perforation of TM
Chronic otitis media with or without TM
perforation
Adhesive otitis/tympanosclerosis

External canal drainage
Exfoliation

Otitis externa

Evidence of Small auditory canals
possible congenital Deformity of external ears
ear anomaly Possible ossicular anomaly

Soft palate Bifid uvula

pathology Palatal notching
Other evidence of submucous clefting
History of cleft palate repair
Nasopharyngeal Adenoid mass—enlarged or obstructive
pathology
Nasopharyngeal Nasopharyngeal mucosa inflammation
pathology: Inflammatory changes
nasopharyngitis Pharynx reddened, or streaking present
Postnasal drainage
Tonsil pathology Enlarged
Obstructive

Chronically infected
Includes all positive findings for tonsils

Neck pathology:

Includes sll findings pertaining to cervical
lymphadenopathy

adenopathy or anomalies

Nasal obstruction
with and without
septal deviation

Inferior septal spur
Obstructed airway
Deviated septum with obstruction

Anatomical Deviated septum
deformity

including nasal

septal deviation

without obstruction

Inflamed mucosa
Excoriated mucosa
Edema

Polypoid changes

Rhinitis, allergic
and nonallergic

RESULTS

Of the 150 students evaluated, 53 (35%) demonstrated
one or more otolaryngologic findings. Not unexpectedly,
the relative frequency of accurrence of otolaryngologic ab-
normalities was higher in the younger than the older stu-
dents. Forty-nine percent (19/39) of the students in
Groups 1-3 {4.5-11.5-year olds) showed one or more
positive findings, whereas the relative incidence in the
older students (Groups 4-8: 11.6-20.0-year olds) was 28%
(34/111). Acute/subacute or chronic middle-ear disease
was the most common finding and occurred in 28% (11/39)
and 153% (17/111) of the younger {4.5-11.5-year olds) and
older (11.6-20.0-year olds) students, respectively. The in-
cidence of otolaryngologic findings is summarized in Table
6 for the younger students, and in Table 7 for the older
students, Note that although the relative frequency of the
abnormalities is lower in the older students, they dem-
onstrate a wider range of problems than the younger
students.

DISCUSSION

The results of the pediatric evaluation revealed the
presence of physical abnormalities in addition to a hearing
handicap in some of the students. The most common ones
were dental problems and the presence of three or more

TaBLE 8. Incidence of otelaryngologic findings in Groups 1-3
{4.5-11.5 years).

Abnormality n %
Acute/Subacute ear disease 12 31
Chronic middle-ear disease 9 23
Otitis externa 2 3
Congenital ear deformity 1 3
Soft palate anomaly 1 3
Nasopharynx: Enlarged or

infected 5 13
Tonsil pathology 3 21
Adenopathy/ Adenitis 1 3

TaBLE 7. Incidence of otolaryngologic findings in Groups 4-8
{11.6-20 years).

Abnormality n %
Acute/Subacute ear disease 12 11
Chronic middle-ear disease 17 15
Otitis externa 4 4
Congenital ear deformity 8 7
Soft palate anomaly 3 3
Nasopharynx: Enlarged or

infected adenoids 7 6
Tonsil pathology 7 6
Adenopathy/Adenitis 6 5
Nasal obstruction (with and

without septal deviation) 4 4
Nasal deformity (including septal

deviation without obstruction} 5 4
Rhinitis, allergic and nonallergic 11 10
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minor anomalies, both of which occurred in slightly less
than one fifth of the population. To make a definite diag-
nosis of the observed problems, additional testing would
have been required by specialists in such areas as neu-
rology, cardiology, or dysmorphology. Because this infor-
mation is lacking, no attempt was made to compare the in-
cidence of the physical findings in this population to the
occurrence of such problems in children with normal hear-
ing.

The otolaryngologic evaluation revealed a wide range of
problems. The incidence of middle-ear disease appears to
be comparable to that reported for children with normal
hearing (U.S. Department of Health, Education, and Wel-
fare, 1975),

The data from this and other studies {Osberger &
Danaher, 1974; Porter, 1974} demonstrate that middle-ear
disease frequently coexists with a severe or profound sen-
sorineural hearing impairment. Additionally, previous re-
search has shown that profoundly hearing-impaired indi-
viduals are susceptible to the build-up of cerumen, which
can affect hearing sensitivity as well as ¢log the opening
of an earmold (Erber & Alencewicz, 1976; Osberger &
Danaher, 1974). Simple obstructions in the external ear
canal, the presence of middle-ear disease, or both, can add
as much as a 25-dB conductive component to an existing
sensorineural hearing loss {Osbherger & Danaher, 1974).
The loss can occur in the mid and high frequencies where
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important speech information is carried. A finding of par-
ticular concern is that the middle-ear disease or obstruc-
tions in the external ear canal can go undetected for
months or even years (Osberger & Danaher, 1974; Porter,
1974} in students with severe and profound sensorineural
hearing losses. Although the relative frequency of occur-
rence is higher in younger students, the data show that
medically treatable problems can occur in an older student
as well. If they remain unrecognized, they can lead to
more serious otologic problems as well as reduce the ben-
efit which is received from amplification. These data indi-
cate that regular otolaryngologic evaluations are warranted
in hearing-impaired children, irrespective of type of hear-
ing loss or age of the individual.
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Chapter 3

Genetic Evaluation

Shelley Smith

William J. Kimberling

Boys Town National Institute

EVALUATION METHOD

All of the students were screened for genetic disorders.
A thorough physical examination was conducted by a pedi-
atrician (see results in chapter 2), who looked particularly
for any physical findings or dysmorphic features charac-
teristic of a genetic syndrome. In addition, the following
data were collected at the time of the examination by a
member of the genetics staff: head circumference, eye
measurements ({inner and outer canthal distances; inter-
pupilary distance), ear length, hand and palm length, der-
matoglyphic patterns, height, and weight. A history was
also obtained from the student with respect to childhood
ilinesses, injuries or hospitalizations, the suspected cause
of deafness, and the presence of any affected relatives.
Where possible, the parents were also interviewed by a
member of the genetics staff for a more complete medical
genetic history, including pregnancy history, medical and
developmental history, and pedigree construction. Medi-
cal records were requested where relevant. Because of the
residential status of the students, complete familial and
medical histories often were difficult to obtain for many of
the students.

Based on the available information, the etiology of the
student’s hearing loss was classified by consensus of a pe-
diatrician and the genetics staff as genetic (autosomal dom-
inant, autosomal recessive, sex-linked, multifactorial, or
genetic with mode of inheritance unclear), nongenetic
(congenital rubella, meningitis, ototoxic drug exposure,
ete.), unknown syndromic (unknown etiology but with
positive physical findings), or unknown nonsyndromic (no
physical findings).

RESULTS

The data were analyzed and classified according to pre-
sumed etiologyv. This breakdown is shown in Table 8.
Overall, 36 cases, or 24.3%, had a recognizable genetic
etiology, 35, or 23.6%, had nongenetic hearing losses and
77, or 52%, were unknown.

Of the genetic cases, there were approximately equal

numbers of students with recessive and dominant forms.
Eight students, including two sib pairs, were diagnosed as
having, or probably having, Waardenburg syndrome. One
student had the Multiple Lentigenes, or LEOPARD, syn-
drome. Two students were diagnosed as having autosomal
recessive syndromes; one had Pendred syndrome and the
other had Hartnup syndrome.

TasLe 8. Etiologies of hearing loss.

Etiology n (%)
Genetic 36 24.3
Autosomal dominant 15 41.7
Autosomal recessive 17 47.2
Multifactorial 4 11.1
Nongenetic 35 23.6
Rubella 26 74.3
Meningitis 7 20.0
Other 2 5.7
Unknown 77 52.0
Nonsyndromic 67 87.0
Possible syndrome 10 13.0

The unknown cases included 67 students with non-
syndromic hearing loss for whom family and medical histo-
ries were either negative or unavailable. Ten students had
associated physical findings, but no identifiable syndrome.

The hearing loss of 26 students was due to maternal ru-
bella. As would be expected, 18 of these students were
born in the epidemic years of 1964 and 1965. The 48 stu-
dents born in these 2 years show a significantly different
breakdown of etiologies when compared to the students
born in the vears 196063 and 1966-75 (contingency x2 =
10.00, 2 df ). For those 2 years, the unknown proportion is
basically unchanged at 30%, but 30.6% show an acquired
etiology and 19.4% are genetic, The 100 students born in
the other years show 27% genetic, 16% nongenetic, and
57% unknown.



TanLE 9. Etiologies of hearing loss expressed in terms of age group.

Nongenetic

Genetic Rubella Meningitis Other Unknown

Group Age n % n % n % n o n %
1 45- 75 3 23.1 0 0.0 3 23.1 0 0.0 7 53.8
2 76~ 95 4 28.6 3 21.4 0 0.0 0 0.0 7 30.0
3 9.6-11.5 4 33.3 0 0.0 Q 0.0 0 0.0 8 66.7
4 11.6-13.5 6 27.3 2 9.1 1 4.5 1 45 12 34.5
5 13.6-14.5 5 26.3 b 26.3 0 0.0 0 0.0 9 47.4
6 146-15.5 4 12.1 12 36.4 1 3.0 0 0.0 16 48.5
7 156-16.3 4 36.4 3 27.2 0 0.0 0 0.0 4 36.4
8 16.6-200 & 25.0 1 4.2 2 8.3 1 42 14 58.3

Table 9 shows the etiologies of hearing loss by age
group. The distribution of etiologies is relatively constant
across age groups, with the exception of rubella, which oc-
curs most frequently in Groups 5, 6, and 7. As noted
ahove, this is not surprising in view of the rubella epi-
demic in the mid 1960s. Of interest is the relatively high
incidence of hearing loss secondary to rubella in Group 2
and meningitis in Group 1. These two groups, however,
contained fewer students than most of the others, and the
findings may not be of clinical significance.

DISCUSSION

Several major studies have assessed the genetic influ-
ences on childhood deafness. Although exact percentages
vary according to the population studied and the methods
used, such studies generally indicate that about 50% of
cases are attributable to genetic causes. Clinical popula-
tions may show somewhat lower proportions, whereas a
population such as Gallaudet College shows a higher
proportion with genetic etiology (Bergstrom, 1974; Brown,
1969; Chung, Robinson, & Morton, 1969; Fraser, 1964;
Proctor & Proctor, 1967; Rose, 1975; Steele, 1981). These
same studies indicate that 15-25% of cases can be shown
to be due to nongenetic, acquired causes, but that approx-
imately 25-35% of cases will have unknown etiologies
even after careful evaluation. These include vnrecognized
environmental causes, but must also include a significant
proportion of sporadic autosomal recessive cases, X-linked
recessives, and new dominant cases. Sporadic instances of
nonsyndromic genetic deafness, in which there are no ob-
vious physical findings and a negative family history, will
be particularly underdiagnosed. Thus, the tabulation of
cases that can be shown to be due to genetic causes
through family history or medical examination will repre-
sent a minimal estimate of the total number of cases with a
genetic etiology. Moreover, as environmental causes of
deafness are prevented through medical advances, the
proportion of genetic cases can be expected to increase.

In comparing the above data to those of other studies, it
would appear that genetic deafness is underrepresented
and unknown cases are correspondingly overrepresented.
This may be due to underascertainment rather than to an
inherent difference in the population studied. Several of
the autosomal recessive syndromes require special testing
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to diagnose, such as an EKG for the diagposis of the
Jervell and Lange—Nielsen syndrome, thyroid testing for
Pendred syndrome, and ERG for early diagnosis of Usher
syndrome. However, these syndromes are uncommon,
and inclusion of these tests would only be expected to re-
salt in detection of 4 or 5 cases in this population. It may
be that the unknown syndromic cases represent genetic
syndromes that would be identifiable with more extensive
medical or family information. As mentioned previously,
complete medical and familial information was unavailable
for many of the students. Some autosomal dominant syn-
dromes may have been missed on the physical examina-
tion of a child with minimal expression and would only be
detectable with a thorough family history.

The proportion of students with nongenetic hearing
losses is comparable to the other studies noted above. For
example, Bergstrom (1974) reported that 22.9% of their
population had acquired hearing losses, primarily due to
congenital rubella. Any comparison among studies, how-
ever, must be done cautiously because the relative propor-
tions of the different eticlogies will be susceptible to re-
gional and temporal variations in addition to the more
basic variations in methodology. Still, it is interesting to
examine our data in light of the observation of Nance and
McConnell {1973) that with minimal evaluations we should
be able to detect about half of the genetic cases, because
the proportion of students with genetically produced deaf-
ness is about half of the expected value of 50% and the un-
known proportion is correspondingly increased,

Recognition of the etiology of hearing loss in a given in-
dividual can be important for several reasons. Once the di-
agnosis is known, optimal methods of treatment or re-
mediation can be selected, and other diagnostic
techniques may be discontinued. More accurate predic-
tions about the nature and possible progression of the
hearing loss may be made. The diagnosis may also reveal
other related medical problems that require attention. Ad-
ditionally, should any important breakthroughs be made in
treatment of a given syndrome, those individuals who
stand to benefit can be quickly identified.

Equally important, informed genetic counseling can be
given to the individual and the family. It is interesting that
in a study of 26 families with at least one child at a school
for the deaf in New York, all 26 felt that their recurrence
risk was 50%, as did most of their affected students. In
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fact, however, only 10 of the families could be shown to
have a recurrence risk as high as 25%, and 4 had negligi-
ble risks. None of the families were aware that their deaf
students had very low recurrence risk (Warren, Gallien, &
Porter, 1982).
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Chapter 4

Audiological Evaluation

Don W. Worthington

Patricia Stelmachowicz

Lori Larson

Boys Town National Institute

The purpose of audiological testing was to obtain a de-
tailed description of each student’s hearing sensitivity and
their basic auditory function. The evaluation censisted of
the following basic test battery:

Pure-tone audiogram. Typically, hearing sensitivity was
assessed for the octave frequencies of 250-8000 Hz. When
thresholds varied by 20 dB or greater between octave
steps, midoctave frequencies also were tested. The type of
hearing loss (conductive, mixed, or sensorineural) was de-
termined by a comparison of the air and bone conduction
thresholds. Pure-tone audiological results were used to de-
termine the degree, configuration, and residual range of
the hearing loss.

Speech reception threshold (SRT). The speech reception
threshold (SRT) was defined as the lowest presentation
level at which 50% of spondaic words could be identified
correctly. In those cases where no items could be identi-
fied correctly from a closed set, a speech awareness
threshold (SAT) was obtained.

Speech discrimination testing. The purpose of testing
speech-discrimination ability was twofeld. First, when
possible, unaided discrimination testing was performed in
order to determine how distinctly words could be per-
ceived at suprathreshold levels. Second, aided scores were
obtained (at a normal conversational level) to gain insight
into the social communication handicap imposed by the
hearing loss. A hierarchy of speech discrimination tests
were used, ranging from open-set, adult vocabulary word
lists to closed-set response tasks using pictures, objects, or
both. The selection of test materials depended on the re-
ceptive vocabulary of the individual, as well as on their pe-
ripheral hearing loss. For individuals with extremely lim-
ited discrimination abilities, simple syllable recognition or
nonspeech recognition materials were used. The tests in-
cluded in the speech discrimination battery were

1. Northwestern University (NU-6) monosyllabic word
lists (Tillman & Carhart, 1966);

2. Phonetically Balanced Kindergarten (PBK-50) word
lists (Haskins, 1949);

3. Word Intelligibility by Picture Identification Test
(WIPI) (Ross & Lerman, 1970);
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4, Monosyllable, Trochee, Spondee (MTS) matrix

(Erber & Alencewicz, 1976);

nonspeech, Sound Effects Recognition Test (SERT)

(Hicber, Gerling, Matkin, & Skalka, 1980); and

6. prosodic feature recognition tasks, using MTS ma-
trix,

ot

All word discrimination and recognition tests first were
performed with auditory input only. If scores were ex-
tremely poor, a combined auditory—visual presentation
was used and an estimate of speechreading ability was also
obtained; only the auditory data are reported here.

Electroacoustic impedance measures. Electroacoustic
impedance measures were used to assess the integrity and
function of the middle-ear system. Relative pressure-
compliance functions were used to estimate middle-ear
pressure and to rule out possible middle-ear effusions.
Equivalent volume measures were used to identify poten-
tial tympanic membrane perforations and to evaluate pa-
tency of tympanostomy tubes where appropriate. When
possible, contralateral acoustic-reflex thresholds were es-
tablished. The information obtained from electroacoustic
impedance measures was used to determine which stu-
dents required otologic referral.

Hearing aid electroacoustic analysis. An electroacoustic
analysis was completed for each student’s personal hearing
aid when applicable. Measures obtained included a high
frequency gain curve (ANSI, 1976), a saturation sound
pressure level (SSPL 90) curve, and harmonie distortion.
In addition, a listening check was performed by the au-
diologist completing the evaluation. When available, re-
sponse curves were compared with manufacturer specifica-
tions to determine if the hearing aid was functioning
properly.

Aided performance. A measure of aided performance
was gbtained by completing the basic audiological test bat-
tery with each student’s hearing aid(s) in place. These
measures provided an estimate of functional gain as well as
aided discrimination ability. Aided thresholds and speech-
discrimination scores were used to determine if adequate
gain was being achieved and if the hearing aid fitting was
appropriate.



RESULTS AND DISCUSSION

Because the test procedures varied across students, only
those measures that were administered to the majority of
the students are reported here.

Hearing Loss as a Function of Age Group

All age group data are presented in accordance with the
eight age groups shown in Table 10. This table presents
the number of children in each age group. Also shown are
the mean pure-tone averages (PTAs), standard deviation,
and range. The number within parentheses denotes those
individuals who demonstrated no response to auditory
stimuli or for whom a 2- or 3-frequency PTA could not be
established. Pure-tone average as presented here is de-
fined in terms of the better ear average which was deter-
mined hy averaging the pure-tone thresholds of 500, 1000,
and 2000 Hz. In those cases where a 3-frequency average
could not be calculated, a 2-frequency average was used.

TaeLE 10. Distribution within each age group. Mean pure-tone
average (MPTA), standard deviation (§D), and range refer to each
individual's better ear.

MPTA Range
Group  Age (yrs) n (dB HL) 8D (dB HL)
1 45-75 92 931 203 43113
2 7.6- 95 1400 941 180  47-118
3 9.6-11.35 9(3) 91.8 17.1 35~107
4 11.6-13.5 18(3) 890.1 12.6 65-120
5 13.6-14.5 18(1) 90.7 16.4 63-113
6 14.6-15.5 27(5) 89.1 15.3 57-117
7 15.6-16.5 11{0) 91.7 8.2 78-103
8 16.6-20.0 22(2) 92.9 14.7 55-118

Note. Number within parentheses denotes those individuals who
demonstrated responses at too few frequencies in order to caleu-
late a 2- or 3-frequency PTA.

Note that the majority of students fall within the severe-
to-profound hearing loss category. Furthermore, the mean
PTA across all eight age groups does not vary by more
than 5 dB. It is somewhat surprising to find such similarity
in degree of hearing loss across these age groups. One
might expect the younger children to exhibit higher mean
PTAs due to successful integration of children with mild-
to-moderate hearing loss into normal-hearing classrooms.
1t is possible that in a rural state, such as Nebraska, public
school services to hearing-impaired children are still lim-
ited in many areas. As a result, children who may be po-
tential candidates for successful integration are placed in
residential programs out of necessity. A second possibility
is that multiple handicaps (mental retardation, learning
disabilities, etc.) may interact with the effects of hearing
loss in determining school placement resulting in a wider
range of PTAs. These findings with respect to distribution
of degree of hearing loss across age groups are in agree-
ment with those reported by other investigators (Jensema,
1974, Karchmer & Trybus, 1977). That is, individuals with
profound hearing losses tend to be in residential schools

rather than in other educational settings, and the percent-
age of students with profound hearing losses does not vary
systematically with age.

Identification and Management of Hearing Loss

As part of the evaluation, each parent completed a ques-
tionnaire concerning his/her child’s hearing loss. Ques-
tions included the age at which the parents first suspected
their child had a hearing loss, the age at which the hearing
loss was first confirmed, and the age at which the child
first obtained a hearing aid. In Figure 1, age of suspicion,
confirmation, and receipt of amplification is plotted as a
function of age. In general, the trend with regard to the
age of suspicion and confirmation of the hearing loss is
rather discouraging. That is, the age of initial suspicion
and subsequent confirmation appears similar for all stu-
dents. Separate two-way analyses of variance (Age Group
x Age of Suspicion and Age Group X Age of Confirma-
tion) revealed nonsignificant differences for these two vari-
ables as a function of age group.

Across all ages, confirmation of the hearing loss appears
to be delayed by approximately 8 months relative to the
age of suspicion. Possible reasons for this delay are (a) pa-
rental delay in contacting professionals; {(b) parents” ap-
prehension in regard to wanting to know the truth; (c) par-
ents not knowing whom to contact; (d) family physicians or
pediatricians do not recognize the problem and therefore
do not make the necessary referrals; and (e) parents,
grandparents, and/or physicians simply “wait for the child
to grow out of it.”
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FicURE 1. Age (in months) of suspicion, confirmation and receipt
of amplification as a function of age. Data are plotted at the mid-
point of each age group.
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For the older students, the delay between age of con-
firmation and acquisition of a hearing aid was approx-
imately 2 years. Thus, the average delay from suspected
hearing loss to onset of rehabilitation, was approximately 3
years. Since the hearing loss was not suspected until ap-
proximately 2 years, these children were 4-5 years of age
before any rehabilitation program was initiated. Many
families reported that, although they were advised that
they had a hearing-impaired child, they received no family
support, guidance, education, or counseling until the child
entered school. Hearing-impaired children living in re-
mote areas frequently were served in programs that were
not designed for the hearing impaired.

In contrast, the total delay in obtaining amplification is
reduced by approximately 2 years for the younger children
{4.5-11.5 years old). The analysis of variance revealed a
significant effect of hearing aid acquisition as a function of
age group (F[1, 7} = 2.708, p < .05). Although progress
has been made, there is still a need for continued educa-
tion of families and professionals concerning early
awareness and identification of hearing loss. Furthermore,
there is a need to convince professionals that no child is
too young to be tested, and that any child suspected of
having a hearing loss should be referred for evaluation at
the youngest possible age (Gerber & Mencher, 1978). Au-
diological programs involved in early identification proj-
ects should have access to loaner hearing-aid programs, as
should parent/infant programs, to assure that amplification
and habilitation measures are implemented as soon as the
hearing loss is identified.

Figure 2 presents the age of suspicion, confirmation,
and acquisition of amplification as a function of the degree
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Ficure 2. Age (in months) of suspicion, confirmation, and re-

ceipt of amplification as a function of better ear pure-tone average
{dB HL).
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of hearing loss. Although the number of students within
each PTA category varies, a number of trends are evident.
The greater the hearing loss, the sooner the loss is sus-
pected and confirmed. Although the confirmation of the
hearing loss seems to be earlier with the severe-to-
profound hearing loss group, the delay in the fitting of am-
plification remains constant. Difficulty in defining the pre-
cise degree of hearing loss for each ear in the very young
child may contribute to this delay. In addition, many fund-
ing agencies typically have significant administrative de-
lays before the purchase of a hearing aid can be com-
pleted.

As expected, students with moderate-to-severe hearing
losses (50 dB HL to 80 dB HL) were identified as hearing
impaired at a much later age. The average age of suspicion
for this group was approximately 2% years. It was then an-
other 2¥4-3 years before these students were fitted with
hearing aids. Delays of this magnitude may result in these
children missing the critical period for development of
speech and language skills. Early identification, early au-
ditory management, and appropriate habilitative care in-
volving parents are essential to building a base for lan-
guage and academic development (Fry, 1978; Ling, 1981).

Incidence of Middle-Ear Pathology as a Function of
Age

Electroacoustic impedance results for each student were
divided into two categories: (a} normal middle-ear function
and (b) probable middle-ear dysfunction requiring otologic
referral. This latter category included suspected middle-
ear effusion, ossicular anomalies, and eustachian-tube dys-
function {middle-ear air pressure in excess of —200 mm
H,0). Small changes in middle-ear pressure and slight
tympanometric irregularities generally were not classified
as requiring otologic follow up. The results of this analysis
{Figure 3) clearly illustrate that the incidence of middle-
ear pathology decreases as a function of age. The younger
students show a much higher incidence {40-30%) of
middle-ear pathology requiring otologic follow up than do
the older students (53-10%). These results are in agree-
ment with earlier studies (Eagles, Wishik, Doerfler,
Melnick, & Levine, 1963; Erber & Alencewicz, 1976;
Howie, Ploussard, & Sloyer, 1976; Shepard, Davis,
Gorga, & Stelmachowicz, 1981) and illustrate that, for
children 10 years of age and younger, impedance testing
should be completed at frequent intervals, perhaps
monthly, to screen for middle-ear pathology. Such testing
is particularly important for children with severe-to-pro-
found hearing losses, because bone-conduction testing
{due to upper limits in output) may not provide informa-
tion regarding a potential conductive component in these
children (Erber & Alencewicz, 1976). Because of the pro-
found nature of hearing loss that many of these children
have experienced, even a slight decrement in hearing sen-
sitivity can affect their performance and impede progress
in educational situations. For the older children, testing
could be performed less frequently or when they have
colds or upper respiratory problems.
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FicURE 3. Percentage of individuals exhibiting middle-ear dys-
function requiring otologic referral as a function of age. Data are
plotted at the midpoint of each age group.

Type of Amplification as a Function of Age

Figure 4 lists the type of amplification that each child is
presently wearing as a function of age. With the exception
of the 7.6-9.5 vear olds, as age increases, the percentage
of students who wear body aids shows a gradual decrease
and the percentage of students who are unaided gradually
increases. Thus, it appears that as the children grew older,
they either opted for behind-the-ear instruments or chose
to wear no hearing aid at all. Most of the students who are
presently wearing behind-the-ear instruments initially
wore a body aid. This high percentage of body aids recom-
mended for any child with a newly identified severe-to-
profound loss reflects the hearing aid fitting concept that
was prevalent in the United States until approximately 34
years ago—that is, young children should be fitted with a
body aid. The reasons involved included the following: (a)
Behind-the-ear instruments did not have sufficient gain;
(b) those behind-the-ear instruments that did have high
gain were usually so large that they would not fit behind
the ear of a small child; (c) body aids typically were more
versatile with regard to frequency response, gain, and sat-
uration sound pressure level, (d) there were fewer acoustic
feedback problems with body aids than with behind-the-
ear instruments. {e) because it was sometimes difficult to
obtain thresholds under earphones, ¢ne could fit a body
aid in a Y-cord arrangement to ensure that the “better ear”
was being stimulated; (f) body aids are supposedly easier
for parents to manipulate, and since they were larger, par-

Type of Amplification as a Function of Age
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PERCENT
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FIGURE 4. Percentage of individuals within each age group utiliz-
ing behind-the-ear, body-type, or no amplification.

ents felt they were less subject to damage; and finally, (g)
preschool teachers of the deaf were more conversant with
the contrels of body instruments and therefore felt more
comfortable dealing with those instruments in the class-
room.

The use of body-type hearing aids with all young, newly
identified hearing-impaired children does not, however,
represent our philosophy of fitting hearing aids. If one
were to analyze the current results of amplification recom-
mendations on newly identified hearing-impaired chil-
dren, one would find that many more behind-the-ear in-
struments are being recommended regardless of age.

The rather steady increase in the number of students
opting to wear no hearing aid at all with increasing age is
interesting. By age 14 approximately 40-50% of all stu-
dents are unaided (Karchmer & Kirwin, 1977). Recall
(Table 10) that mean hearing sensitivity is the same for all
eight age groups. This finding may be related to rejection
of amplification for purely cosmetic reasons or may be
based on unsatisfactory past experience with amplification.

Type of Amplification as a Function of Degree of
Hearing Loss

The type of amplification as a function of degree of hear-
ing loss is shown in Figure 5. As the severity of the hear-
ing loss increases, the percentage of students wearing
behind-the-ear instruments decreases and the percentage
of individuals not wearing a hearing aid increases. That is,
for PTAs greater than 101 dB HL, approximately 40% of
the students are unaided. Data reported by the Office of
Demographic Studies (Karchmer & Kirwin, 1977) also
show that a large percentage of students with profound
losses are nonwearers of amplification. In addition, the re-
sults reported by Karchmer and Kirwin show that more

WORTHINGTON ET AL.: Audiological Evaluation 15



Type of Amplification as a Function of Degree
100 | of Hearing Loss E Batind the Ear
Bocy
%0 B none
80
-
E 70
[T ]
2
0 ®
Q
[h)
20
2
10 H
oLl B

=70 71-80 81-90 9+100 101-110 111-120 noresponse al Qroups

PURE TONE AVERAGE {dB HL)

FIGURE 5. Percentage of individuals utilizing behind-the-ear,
body-type, or no amplification as a function of better ear pure-
tone average (dB HL).

students in residential settings are unaided than in any
other educational setting. In fact, they found that the sin-
gle best predictor of hearing aid use was the student’s resi-
dential status: Not living in a residential school was associ-
ated with the greatest amounts of hearing aid usage.

The data in Figure 5 also show that the percentage of
students wearing body aids remains relatively constant and
is almost equal to the percentage wearing behind-the-ear
aids. Note that the majority of students with profound
hearing loss are wearing some type of amplification. Thus,
even individuals who presumably are receiving minimal
information with respect to speech discrimination may feel
that amplification provides some benefit for them in their
daily lives. Alternatively, this finding may be related to
audiologist/parent/teacher insistence that the hearing aids
be worn.

Functioning Versus Nonfunctioning Hearing Aids

Approximately one month prior to each student’s eval-
uation, a team of audiologists from the Institute visited the
school and inspected each child’s earmold and hearing aid.
The hearing aids were visually inspected for cracks,
breaks, worn or frayed cords, broken receivers, or other
easily discernible problems. A listening check with a hear-
ing aid stethoscope was perfermed on each instrument to
screen for clarity, distortion, or other cbvious problems
that might indicate the need for repair. If the hearing aid
was malfunctioning, personnel were informed so that the
hearing aid could be repaired prior to the evaluation at the
Institute. In addition, each child’s earmold was inspected
visually to determine if there was an inadequate acoustic
seal, broken tubing, cracks in the earmold, or any other
abnormalities. Whenever inappropriate earmolds were
found, a new impression was taken so that proper acoustic
coupling could be available at the time of the evaluation.
New earmolds were fabricated for over 50% of the stu-
dents, and it was recommended that over 30% of the hear-
ing aids be repaired.
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When the students were evaluated, an electroacoustic
analysis in accordance with ANSI standards (1976) was

" completed. Measures included full-on gain curves (SSPL

90) and harmonic distortion. In addition, frequency re-
sponse curves (with both 60 and 90 dB SPI inputs) were
obtained at each student’s use-volume and tone-control
settings. Based on the electroacoustic evaluation and the
listening check, the hearing aids were classified as either
functioning or nonfunctioning. Figure 6 shows these re-
sults as a function of age. For students less than 7.5 years,
the majority of aids were nonfunctional. Some possible
reasons for this high percentage are that (a) the children
may not be capable of monitoring their own aids because
of age, and (b) school personnel may not be monitoring the
aids on a regular basis {these children are in a residential
school). After age 7.5 years, between 30-40% of the aids
were found to be nonfunctional. This appears to be rela-
tively constant across all ages with a slight increase for the
two older groups.
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F1GURE 6. Percentage of individuals with functioning or nonfunc-
tioning hearing aids as a function of age. Data are plotted at the
midpoint of each age group.

These findings are consistent with those reported for
other schools for the deaf (Porter, 1973), and they point
out the need for constant monitoring of personal amplifica-
tion systems. This monitoring is necessary not only to de-
termine that the aids are functioning properly but that
they meet the individual needs of each child. It was clear
from the evaluation that a listening check alone is not suffi-
cient because many more aids were found to be malfunc-
tioning once electroacoustic analysis was completed. Al-
though a listening check can be helpful to detect gross
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abnormalities, an electroacoustic analysis is needed to de-
termine gain and SSPL 90 as a function of frequency and
harmonic distortion levels,

The data from our evaluation show that the majority of
the children at the school are consistent users of amplifica-
tion. However, if those individuals who are not receiving
maximum benefit from their amplification are eliminated,
then clearly the majority of students are not effective
users. Recent research (Davidsen, 1975) has shown that
careful monitoring of amplification can result in a signifi-
cant increase in the amount of time that the students re-
ceive optimum benefit from amplification. Inappropriate
control settings may not only reduce the effectiveness of
amplification, but in some cases may have an adverse ef-
fect on the child’s hearing. That is, if the maximum output
setting is too high, excessive sound pressure level may be
delivered to the child’s ear, which ultimately could result
in a further reduction of hearing {Rintelmann & Bess,
1977; Ross & Lerman, 1967; Ross & Truex, 1965). If ap-
propriate amplification and appropriate monitoring were
both provided, the number of students properly using am-
plification might be increased greatly.

Monaural Versus Binaural Amplification

Figure 7 shows a comparison of those students wearing
monaural and binaural amplification. In general, the ma-
jority of the students wear monaural amplification, a find-
ing similar to that reported by the Office of Demographic
Studies (Karchmer & Kirwin, 1977) for other populations
of hearing-impaired students. Exceptions to this are indi-
viduals in the hearing loss category of less than 71 dB HL
and in the category of showing a PTA of 101-110 dB HL.

N [ I | [
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Percent
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20— -

| | | i i
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Figure 7. Percentage of individuals within each pure-tone aver-
age category utilizing monaural or binaural amplification.

It is difficult to account for this apparent reversal for these
two hearing loss categories. Because the hearing aid rec-
ommendations were made at multiple audiological and
hearing aid dealer facilities, we can only hypothesize about
the reasons for the preponderance of monaural fittings.
These include financial limitations, significant asymmetry
in hearing loss (one ear unaidable), and the possibility that
the students are utilizing the hearing aids primarily as an
alerting device rather than for auditory discrimination, and
therefore they receive as much information with one in-
strument as they would with two.

Auditory Discrimination Tasks

Recall that a hierarchy of speech-discrimination tests
were utilized. The highest level discrimination task that
each student was capable of performing is plotted in Fig-
ure 8. The open-set materials consisted of NU-6 and
PBK-50 monosyllabic word lists. Closed-set picture-
pointing tasks included both monosyllabic word identifica-
tion (WIPI) and MTS matrix identification. The other two
panels show the Sound Effects Recognition Test (SERT)
and prosodic feature recognition using the MTS matrix.
All cases represent aided conditions and presentation level
never exceeded 70 dB HL. If a higher presentation level
was necessary, the individual was grouped into the
CNT/DNT category.

For the NU-6 and PBK-50 tests, a score of 30% was ar-
bitrarily chosen as a minimally acceptable score before it
was considered as an appropriate level task. For the MTS
matrix, the SERT, and the prosodic tasks, a level of 33%
was chosen as a minimally acceptable score. The
CNT/DNT group includes those students that either could
not successfully complete any of the above-mentioned
tasks or those whose intellectual or behavioral functions
precluded completion of the task.

Each panel represents the percentage of students within
each PTA group that were able to perform the task in ac-
cordance with the criteria described previously. Across all
panels the sum of the percentages shown in any single
hearing loss category will total 100%. Consider, for exam-
ple, individuals in the 81-100 dB category. With open-set
materials, none (0%) of these individuals was able to
achieve criterion performance. Performance gradually im-
proved as the task became casier, until the majority of stu-
dents (30%) reached criterion performance on the SERT.
For hearing losses less than 80 dB HL, open- and closed-
set monosyllabic word lists were successfully administered
85~90% of the time. In contrast, the MTS matrix appeared
to be applicable over a wider range of hearing loss catego-
ries (81-110 dB HL).

The apparent reversal in the function for the no-
response (NR) group may be due to the method by which
PTAs were established. Further inspection revealed that
the students in the NR group able to complete this task
had relatively good thresholds at 250 and 500 Hz but no
responses at 1000 and 2000 Hz (which placed them in the
NR category). As with the MTS matrix, the SERT task ap-
peared to be applicable over a wide range of hearing loss
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FiGURE 8. Percentage of individuals within each pure-tone average category able to reach criterion performance for the speech-
discrimination tasks shown. WIPI = Word Intelligibility by Picture Identification test (Ross & Lerman, 1970); MTS = Monosylla-
ble, Trochee, Spondee matrix (Erber & Alencewicz, 1976); SERT = Sound Effects Recognition Test (Hieber, Gerling, Matkin, &
Skalka, 1980); CNT/DNT = included those who could not complete tasks or whose intellectual or behavioral functions precluded

completion of the task.

{(91-120 dB HL). For individuals with hearing loss greater
than 81 dB HL, there does not appear to be any single dis-
crimination task that is universally successful in assessing
discrimination ability. Those students who could not com-
plete successfully either the MTS matrix or the SERT
tasks generally could not perform above chance on the
prosodic feature task. These students are included in the
CNT/DNT category.

It should be recognized, however, that the patterns
seen in Figure & are dependent on our hierarchical rank-
ing of these tests. We assumed that open-set materials
would be more difficult than closed set, that monosyllabic
words would be more difficult than spondees, and that
identification of environmental sounds would be more dif-
ficult than the identification of prosodic features. It is pos-
sible, however, that the SERT and prosodic features task
are equivalent in terms of difficulty. From available infor-
mation, it is not possible to predict how our results would
differ if the positions of these two tests had been reversed.

In summary, PTA does not appear to be predictive of
the type of discrimination test that can be used. Thus, a
battery of discrimination measures must be available to
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provide an estimate of residual speech-discrimination abil-
ity for hearing-impaired listeners.

Correlations Between Measures

Correlations were performed between a subset of au-
diologic variables judged by the staff to have the greatest
potential influence on the educational achievement of the
students. These consisted of (a) pure-tone average (PTA) in
the better ear; (b) aided thresholds (PTAIDED); (c) the
age when the hearing loss was first suspected (HLSUS); (d)
the age when the hearing loss was confirmed (HLCONF);
and (e) the age when a hearing aid was first acquired
(HAACQ). Before the correlations were calculated, the
students were classified into two groups, based on the
better-ear PTA. Group I consisted of students with a PTA
less than 105 dB HL, and Group II consisted of students
with PTAs greater than 105 dB HL. Those students for
whom a 2- or 34requency average could not be calculated
(see Table 10) were placed in Group II (PTA > 105 dB).
This classification scheme was used to separate those stu-
dents who might have been responding to auditory stimuli
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on the basis of vibrotactile rather than auditory sensation
(Boothroyd & Cawkwell, 1970). The 105-dB criterion is
based on recent data by Boothroyd (1984), which show
that students with losses greater than 105 dB HL perceive
only the time-intensity patterns of speech, a performance
pattern suggestive of vibrotactile rather than auditory per-
ception of speech (Erber, 1972).

Independent sample ¢ tests were used to compare the
two groups on the variables of interest. Adjustment for un-
equal group variances was performed where appropriate.
The results of this analysis appear in Table 11. Significant
differences were found between Group 1 (PTA < 105 dB)
and Group II {PTA > 105 dB) for all variables except the
age when a hearing aid was first acquired (HAACQ).
These data are consistent with those plotted in Figure 2.
That is, the hearing loss was suspected and confirmed ear-
lier in the students with the greater impairment (Group
II), but the earlier identification of these losses did not re-
sult in earlier acquisition of amplification.

TapLE 11. Means. standard deviations, and ¢ values for the au-
diologic variables.

Variable Group n M SD H

PTAIDED 1 45 48 45 1.54%+
I 15 90 103

HLSUS 1 21 16 2 —1.2%
1I 18 11 2

HLCONF I 92 32 18 —3.2%
11 33 23 11

HAACQ 1 90 48 25 -1.7

I 30 40 22

Note. PTAIDED = aided pure-tone thresholds; HLSUS = hear-
ing loss first suspected; HLCONF = hearing loss first confirmed,;
HAACQ = hearing aid first acquired.

*p < 05, **p < 0L

Not shown in Table 11 is the age difference between
Group I and Group II, which was found to be nonsignifi-
cant. Correlations between PTA and other variables were
caleulated only for the students in Group I because of the
limited auditory capabilities of the students in Group IL
These data appear in Table 12. Weak but significant cor-
relations were found between PTA and all variables except

TasLE 12. Correlations between PTA and the audiologic vari-
ables.

Audiologic variables

PTAIDED  HLSUS HLCONF  HAACQ

PTA .25 —.20* —.26%* —.23%

Note. PTAIDED = aided pure-tone thresholds; HLSUS = hear-
ing loss first suspected; HLCONF = hearing loss first confirmed,;
HAACQ = hearing aid first acquired.

*p < 05, **p < .0

aided pure-tone thresholds (PTAIDED). This finding
might indicate that some of the students with more re-
sidual hearing were not wearing appropriate aids. Alter-
natively, it suggests that the losses of the students, even in
Group I, were so severe that hearing aids could not pro-
vide sufficient gain to produce significant differences in
aided sensitivity among them. Not shown in Table 12 is
the correlation between PTA and age, which was found to
be nonsignificant.

SUMMARY

The following conclusions are based on the data re-
ported above.

1. These data illustrate the need for earlier identification
and habilitation measures,

2. There is a need for continued education of family and
professionals concerning early awareness and identification
of hearing loss.

3. Professionals need to be convinced that no child is
too young to be tested, and that any child suspected of a
hearing loss should be referred for audiological testing at
the earliest possible age.

4. Audiologists involved in early identification and eval-
uation should have access to loaner hearing aids as well as
to parent/infant habilitation programs to ensure that am-
plification and habilitation measures are implemented as
soon as the hearing loss is identified.

5. There is a need for appropriate habilitative care that
will meet the needs of outside (rural) families.

6. There is a need for periodic audiologic monitoring of
all students in schools for the deaf, including elec-
troacoustic impedance measures. For children 10 years of
age and younger, impedance testing should be completed
at frequent intervals to screen for middle-ear pathology.

7. There is a need for electroacoustic measurement of
hearing-aid performance characteristics and for in-service
training programs on the care and maintenance of hearing
aids for parents and teachers. The fact that 40% of the aids
being worn by students were found to be nonfunctional
highlights this need for constant monitoring of personal
amplification systems. This monitoring is necessary not
only to determine if the hearing aids are functioning prop-
erly, but to determine if the individual needs of each child
are being met. A listening check alone is not sufficient,
and electroacoustic analysis of each aid must be performed
on a regular basis.

8. The data suggest that a hierarchy of discrimination
tasks should be used with hearing-impaired children. Con-
sideration needs to be given to age, degree of loss, and re-
ceptive vocabulary of the individuals being tested.

9. It is recommended that andiological evaluation of
hearing-impaired children include (a) routine pure-tone
audiometry, (b) measures of discrimination ability (taped
speech materials should be utilized whenever possible), (c)
electroacoustic impedance testing, (d) hearing-aid apprais-
al including electroacoustic analysis and listening checks,
{e) functional gain estimates with the child’s own hearing
aid, (f) discrimination measures with the child’s own aid,
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and (g) evaluation with the classroom auditory training sys-
tem {when appropriate). This type of evaluation should be
completed on at least an annual basis and more frequently
for younger children.
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Chapter 5

Vestibular Evaluation

David G. Cyr

Patrick E. Brookhouser

Kathryn Beauchaine

Boys Town Nationdl Institute

A vestibular evaluation was performed because the same
deformities and insults known to impair cochlear function
also may affect vestibular function. Only the major ves-
tibular findings are presented here because a detailed
summary of the procedures and results have been re-
ported in a previous publication {Brookhouser, Cyr, &
Beauchaine, 1982). It should be noted, however, that data
are reported for a larger number of students (166) than are
included in the other chapters of this monograph. The ad-
ditional students were preschoolers, and few appropriate
measures were available for this young age group in the
other areas of evaluation, particularly in language, aca-
demics, and processing. Results from the preschool stu-
dents are included here because relatively little is known
about vestibular function in children with severe and pro-
found hearing impairments.

METHOD

Unlike most previous investigations of vestibular func-
tion in various hearing-impaired populations (Arnvig,
1955; Capute, Rimoin, Konigsmark, Esterly, &
Richardson, 1969; Davis, Johnsson, & Kornfeld, 1981;
Dohlman, 1973; Holderbaum, Ritz, Hassanein, &
Goetzinger, 1979; Hyden, Odkvist, & Kylen, 1979;
Rosenblut, Goldstein, & Landau, 1960; Sandberg &
Terkildsen, 1965; Stool, Black, Craig, et al., 1981), the
present evaluation included electronystagmography (ENG)
as well as more traditional postural tests. ENG proce-
dures, routinely nsed with adults, were employed with
most students, although some meodifications were neces-
sary to evaluate the young or difficult-to-test ones. The

TASK

NO TASK

modifications included the use of closed-loop caloric irriga-
tion, an over-the-head optokinetic (OKN) drum, or a wall-
projected OKN stimulus, and a pediatric calibration light
bar. The reader is referred to Cyr {1980) for a more de-
tailed discussion of these modifications.

An important part of the test protocol for the positional,
caloric, and rotational tests was the use of mental alerting
tasks. Because of the limited speech skills of many of the
students, manual tasks, such as fingerspelling names with
serial letters of the alphabet or telling a story with sign
language, were used. An example of the effect of mental
alerting tasks on the nystagmic response is shown in Fig-
ure 9. The effect of tasking on the response is shown in
the left and right portions of the figure with the no-tasking
condition in the middle. As the figure illustrates, the
nystagmic response was essentially eliminated when the
tasking was stopped.

Standard and tandem Romberg testing in the Jendrassik
position (DeJong, 1979), with eyes open and closed, was
performed on 127 students. The remainder of the students
could not be tested with this procedure because they were
either too young or had physical impairments that inter-
fered with their performance on the Romberg maneuvers.
Figure 10 illustrates the standard and tandem Romberg
positions.

RESULTS
Vestibular Findings

The results of the caloric, positional, ocular tracking,
and tandem Romberg tests are summarized in Table 13.

TASK

Ficure 9. Response to caloric stimulation with and without mental alerting tasks. Left portion shows nystagmic response with task-
ing follewed by no tasking; right tracing represents reinitiation of the tasking procedure.
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Ficure 10. Standard and tandem Romberg testing used in
Jendrassik position with eyes open and closed.

As the data show, abnormal caloric findings were present
in 22% of the students, with slightly less than half of them
demonstrating unilateral caloric right-left asymmetries ex-
ceeding 20%. Bilateral vestibular hypoactivity, with an
average peak slow-phase velocity to bithermal caloric stim-
ulation of less than 7.5°/s per ear (Coats, 1975), was pre-
sent in the other half of the students.

TabLE 13. Summary of vestibular findings.

Abnormality n  Frequency (%)
Caloric Test 37 22
Unilateral caloric hypoactivity 17
Bilateral caloric hypoactivity 20
Spontaneous/Positional nystagmus
occurring with: 32 19
Unilateral caloric hypoactivity 10
Bilateral caloric hypoactivity 7
Ocular nystagmus 5
No other abnormalities on ENG 10
Ocular Tracking Abnormalities 18 11
Gaze nystagmus 7
OKN asymmetry 9
Poor visual pursuit 2
Tandem Romberg Test ocecurring with: 41 32
Unilateral caloric hypoactivity 8
Bilateral caloric hypoactivity 18
Spontaneous or pesitional
nystagmus only 4
No other abnormalities 11
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Roughly one fifth (19%) of the students demonstrated
spontaneous or positional nystagmus, or both, with the
peak slow-phase velocity of greater than 7.5°/s. Twenty-
two percent of the students with the bilateral hypoactivity
demonstrated a direction-fixed spontaneous nystagmus,
and 16% of the students had benign ocular nystagmus, as
described by DeJong (1979).

A small number of the students (7) demonstrated gaze
nystagmus on the ocular tracking test. Of these, 5 were
considered to have benign congenital ocular nystagmus,
whereas the origin of the gaze nystagmus in the other two
students was suspected to be vestibular at the level of the
brainstem. OKN asymmetry was found in 9 students,
which in 7 cases was suspected to be secondary to pe-
ripheral spontaneous nystagmus. Two subjects were noted
to have poor visual pursuit in the absence of ocular muscle
pathology. Abnarmal OKN and gaze tests were also found
in these students, who were referred for neurological eval-
uations. Ocular dysmetria was not found in any of the
students.

The data obtained from the standard Romberg proce-
dure are not reported because this test condition proved
to be of limited value in identifying hilateral or unilateral
caloric weakness. In contrast, the results of the tandem
Romberg {eves opened and closed) were in general agree-
ment with the caloric findings in most of the students.
These data also appear in Table 13. The largest percentage
of students with abnormal Romberg findings with eyes
closed on this test also demonstrated bilateral caloric hy-
poactivity. Of the 20 subjects with bilateral hypoactivity,
18 had an abnormal tandem (eyes-closed) Romberg, In ad-
dition, 47% of the students with an abnormal tandem
Romberg response demonstrated a unilateral caloric weak-
ness (8 of 17). A relatively large percentage of the students
{11%) demonstrated an abnormal tandem response in the
absence of any other vestibular abnormalities (11 of 97).

DISCUSSION AND SUMMARY

The caloric test results revealed impaired vestibular
function in roughly one fifth of the students. It is likely,
however, that the incidence of vestibular abnormalities,
especially bilateral hypoactivity, is underidentified in this
sample because of the variables that can affect the ealoric
test results. An evaluation method preferable to caloric ir-
rigation is the computerized rotary chair (harmonic accel-
erator) system that has been in use at the Institute since
the time of this evaluation. The rotary chair system is an
effective, noninvasive, and comfortable procedure that
yields information as useful as the standard ENG pro-
cedure {Cyr & Beauchaine, 1984; Cyr, Brookhouser,
Valente, & Grossman, 1985), Computerized harmonic ac-
celeration has proven to be as reliable as caloric testing in
adults as well (Wolfe, Engelken, Olson, & Kos, 1978}
without the discomfort often associated with caloric stim-
ulation. We have observed that children (particularly
those with severe-to-profound hearing impairments) do
not suppress nystagmic response to a rotational stimulation
as they frequently do with caloric stimulation. As a result,
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mental alerting tasks are still important, although not as
critical for the rotary chair test as for the caloric test. If a
rotational stimulus cannot be used, closed-loop caloric irri-
gation in the simultaneous binaural bithermal condition
seems to be more effective and less frightening than the
standard alternate irrigation with water for use with chil-
dren (Cyr, 1983}

The incidence of vestibular problems is of significance
because vestibular evaluations are not performed routinely
with profoundly hearing-impaired children. Thus, clini-
cally significant vestibular dysfunction may be largely un-
diagnosed in this population. Upon careful questioning by
an examiner proficient in sign language, approximately
one half of the students demonstrating bilateral vestibular
weakness indicated that they have experienced disorienta-
tion in the dark. The other students with bilateral ves-
tibular weakness but without history of disorientation re-
affirm the remarkable central compensation often seen in
the handicapped child. The presence of a bilateral ves-
tibular impairment may pose problems during certain ac-
tivities such as bike riding, swimming, walking on a bal-
ance beam, or orienting in a dark room. These results
indicate that severely and profoundly hearing-impaired
children should receive a vestibular evaluation by adoles-
cence, at least those who report symptoms characteristic of
vestibular involvement. 1dentification of vestibular prob-
lems will assist recreational and occupational counseling
regarding limitations posed by significant vestibular dys-
function. A critical part of the vestibular evaluation is the
use of mental alerting tasks, using fingerspelling and sign
language when appropriate. In addition, the results of the
Romberg revealed that the tandem Romberg using the
Jendrassik maneuver with the eyes opened and closed was
more consistent with the caloric findings in students with
bilateral hypoactivity than the results obtained with the
standard Romberg procedure.
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The literature on the speech of the hearing impaired is
quite extensive, and throughout the vears a variety of
techniques has been employed to assess overall intelligi-
bility as well as segmental and nonsegmental charac-
teristics of speech (cf. Osberger & McGarr, 1981). Because
the purpose of this evaluation was to quantify charac-
teristics of the students’ speech that later could be related
to their language and learning skills, only the results of se-
lected measures are reported. These consist of a measure
of overall intelligibility and segmental (vowel and conso-
nant) production skills. The method of evaluation consist-
ed of listener judgments or phonetic transcriptions.

METHOQOD
Procedures

A variety of speech stimuli were employed to permit
analysis of segmental production skills and speech intelligi-
bility. The specific form of the perceptual analysis varied
depending on the particular skill being assessed. A panel
of judges (listeners) was used to evaluate the tape-
recorded samples of those speech characteristics most
likely to show the greatest interrater differences, based on
previous research (McGarr, 1978; McGarr & Osberger,
1978; Smith, 1975). These characteristics consisted of
vowel production and overall intelligibility. Data from
these analyses are reported in terms of the mean value,
averaged across judges. In contrast, the accuracy of conso-
nant production was assessed during the evaluation itself
by one speech-language pathologist who had extensive
training and experience in phonetic transcription. Al-
though it might have been preferable to use multiple judg-
es to evaluate consonant production, it was not practical in
view of the large number of subjects and the extensive
data collection and analyses required in the other areas of
interest. In addition, previous research indicates good
interrater reliability of consonant transcription data for
hearing-impaired talkers (Gold, 1978). Also, the data on
segmental skills (consonants and vowels) are expressed in
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terms of percent correct production rather than in terms of
error patterns. Analyses between speech production skills
and audiologic variables are reported in this chapter be-
cause of the well-established relationship between these
factors (¢f. Smith, 1975).

Assessment of segmental skills: Vowel production. Only
the three point vowels [i, a, u) were sampled from each
student’s speech in nine CVC monosyllabic words {bead,
beat, Pete, pop, Bob, bop, boot, toot, food). The students’
productions were recorded in a sound-treated room using
a high-quality tape recorder and a lapel microphone
placed approximately 12 in. (30.5 cm) from the speaker’s
mouth. To elicit the productions, the examiner showed
the student a card with the word printed on it, and then
simultaneously signed and spoke the word. The student
was then asked to repeat the item.

Four speech-language pathologists who had no signifi-
cant prior experience listening to the speech of the deaf
judged the accuracy of the students’ vowel productions.
The judges heard each token two times and indicated
whether the intended vowel was produced correctly. The
data are presented in terms of the mean percentage of
tokens judged correct for each vowel. This mean was de-
rived by averaging the percentage of correctly produced
vowels across words {three words for each vowel) and
judges (four judges) for each vowel. To obtain a measure of
intrajudge reliability, 20% of the tapes were reevaluated
by each judge.

Assessment of segmental skills: Consonant production.
Production of English consonants was analyzed using the
Goldman-Fristoe Test of Articulation (Goldman & Fristoe,
1972). Although the test samples the target consonants in
the initial, medial, and final position of words and conso-
nant blends, only the data for the initial (prevocalic) and fi-
nal (postvocalic} consonants are reported. In addition, the
test was not administered to students whose speech con-
sisted only of undifferentiated vocalizations, reducing the
number of students tested to 113. Phonetic transcription
of each student’s productions was performed during the
test situation by a speech-langnage pathologist who had



both training and extensive experience in this area. The
data are expressed in terms of percent correct production
of the target prevocalic and postvocalic consonant.

Assessment of intelligibility skills. The intelligibility of a
spontaneous speech sample was evaluated for each stu-
dent. The sample was 3-6 min in length, elicited with a
cartoon-story sequence. The same panel of four judges
who evaluated vowel production also evaluated the intelli-
gibility of each student’s recorded speech sample on a
scale of 0-100%, with 0% indicating that none of the
speech could be understood and 100% indicating that all of
the student’s speech was understoed. Intelligibility ratings
were then averaged across judges for each student.

RESULTS
Vowel Production Skills

The percentage of vowel tokens that were produced cor-
rectly by the students is summarized in Table 14 and Fig-
ure 11. On the average, [a] and [u] were produced
correctly most often; [i] was most often in error. The
standard deviations in Table 14 and Figure 11 show that
there was considerable variance in the students’ ability to
produce the target vowels within each age group. The data
also show little improvement with age in the students’
ability to produce the intended vowels. A nonsignificant
correlation was found between age and production ac-
curacy of all three vowels. Interjudge agreement on this
task was 92% for [i] and 89% for both [a] and [u]. Intra-
judge agreement also was high, with values of 83%, 95%,
95%, and 93% for Judges 1, 2, 3, and 4, respectively.

Consonant Production Skills

First, the data were analyzed in terms of percentage of
consonants produced correctly as a function of age group
for the different manners and places of production. If the
constraints of English precluded the production of a
phoneme in both the pre- and postvecalic position, data
for these phonemes were not included. A three-way analy-
sis of variance (Position X Manner X Age Group) re-
vealed a significant position effect, F(1, 7) = 37.83, p <
.001; a manner effect, F(1, 7) = 58.98, p < .001, and a
two-way manner-by-position interaction, F{l, 7) = 17.10,

TABLE 14. Percentage of vowels produced correctly in monosyllables.
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FiGUuRE 11. Production accuracy of the vowels as a function of
age. Data are plotted at the midpoint of each age group.

p < .001. Age group differences were nonsignificant, as
was the position-hy-age group interaction. Production ac-
curacy for prevocalic consonants, expressed in terms of
manner of production, appear in Table 15 and Figure 12.
Note that data for only four manners of production are re-
ported. Data for semivowels, liquids, and glides have been
omitted because the narrow transcriptions performed on
these sounds indicated that they were seldom produced
correctly. The data in Table 15 and Figure 12 show plosive
consonants were most often produced correctly by the stu-
dents, followed by the fricatives. Nasals ranked third in
terms of accuracy of production for the majority of stu-
dents, and affricates were the most difficult for all ages.
The large standard deviations for these data, and all data
reported subsequently in this section, indicate consider-
able variance among the students in speech production

skills.

All vowels [i] [a] [u}

Group Age n M SD SD M SD M SD
1 4.5~ 7.5 5 61.0 46.4 53.4 49.6 71.8 42,4 58.4 53.4
2 7.6~ 9.5 6 60.7 31.7 49.0 35.1 73.2 38.4 59.2 43.4
3 9.6-11.5 7 58.0 38.5 46.6 30.6 72.0 38.4 78.8 32.3
4 11.6-13.5 19 53.1 34.3 39.9 44.8 66.9 37.3 54.1 43.3
5 13.6-14.5 15 53.1 34.3 34.4 45.5 63.4 35.5 34.9 40.2
6 14.6-15.5 23 58.7 33.9 40.6 43.4 71.6 35.3 67.8 40.6
7 15.6-16.5 8 53.4 40.5 33.1 38.4 72.4 47.1 63.6 43.6
8 16.5-20.0 13 55.7 30.8 44.3 45.9 59.9 42.3 63.0 45.6
Total 96 56.2 33.8 40.9 42.6 69.6 36.8 1.5 41.2
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TaBLE 15. % correct production of prevocalic consonants as a function of manner of production.

Manner of production

Plosives Fricatives Nasals Affricates
Ib,p.d,t,g.k] [z,5.],8,v.f] [m,n] [d.1]
Group Age n M sD M SD M SD M SD

1 4.5- 7.5 5 60.0 253 400 191 300 447 40.0 418

2 7.6- 9.5 12 66.6  24.8 458 189 37.5 433 125 226

3 9.6-11.5 8 68.4 218 459 248 50.0  46.3 125 231

4 11.6-13.5 19 70.6  26.5 544  15.7 9.5 427 184 342

5 13.6-14.5 17 62.9  25.4 617  20.2 474 481 38.2 485

6 14.6-15.5 22 537 312 5.5 245 56.8  47.0 318 451

7 15.6-16.5 9 70.5 163 40.8 169 222  26.4 1.1 33.3

8 16.6-20.0 21 66.6  27.4 46.1 158 42.9 455 26.2 407
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Ficuge 12. Production accuracy of the prevocalic consonants ex-
pressed in terms of manner of production. Data are plotted at the

midpoint of each age group.

Mean Chronological Age

Ficure 13. Production accuracy of postvocalic consonants ex-
pressed in terms of manner of production. Data are plotied at the
midpoint of each age group.

TaBLE 16. % correct production of postvocalic consonants as a function of manner of production.

Manner of production

Plosices Fricatives Nasals Affricates
[b,p.d,t,g,k] [z,s,],8,v,f] [m,n] [d,1]
Group Age n M sD M sD M sD M SD
1 4.5- 7.5 5 33.2 23.7 20.2 7.2 30.0 30.0 0.0 0.0
2 7.6- 9.5 12 33.4 25.5 40.3 15.0 62.5 43.3 4.2 14.4
3 9.6--11.5 8 43.8 21.3 50.1 17.9 30.0 46.3 0.0 0.0
4 11.6-13.5 19 51.0 34.8 49.1 21.3 50.0 37.3 5.3 22.9
3 13.6-14.5 17 62.7 25.3 351.9 22.1 32.9 48.3 26.5 40.0
6 14.6-13.5 22 52.2 30.1 52.9 25.0 56.8 44.4 20.5 33.3
7 15.6-16.5 9 27.7 14.3 27.8 20.3 22.2 26.4 3.6 16.7
8 16.6-20.0 21 40.5 26.3 40.5 23.3 45.2 44.5 11.9 31.2
26 ASHA Monographs No. 23 1986



Table 16 and Figure 13 display production accuracy for
the four manners of production in the postvocalic position
for each age group. On the average, the rank order of the
consonants in the postvocalic position is identical to that
observed for the prevocalic data (Table 15}, Production ac-
curacy, however, is substantially lower for the phonemes
in the postvocalic position than in the prevocalic position,
particularly for plosives and fricatives.

The results of the three-way analysis of variance (Posi-
tion X Place x Age Group) revealed a significant position
effect, F(1, 7) = 81.64, p < .001, a significant place effect,
F(l, 7) = 90.12, p < .001, and a significant position-by-
place interaction, F(l, 7) = 15.60, p < .00L. Age group
was nonsignificant, as was the group-by-place interaction.
In contrast, the group-by-position interaction was signifi-
cant, F{1, 7} = 2.12, p < .05.

TaBLE 17. % correct production of prevocalic consonants as a
function of place of production.

Table 17 and Figure 14 show consonant accuracy in the
prevecalic position for the three places of production.
Conscnants produced in the front of the mouth were most
often correct, followed by sounds produced in the back of
the mouth, Sounds with a medial place of production were
in error most often, although there was some variation in
this pattern for Groups 7 and 8. The data also show that
there is little change in performance with age.

The data for the three consonantal places of production
in the postvocalic position are shown in Table 18 and Fig-
ure 15. Again, sounds produced in the front of the mouth
were most often correct. In contrast to the prevocalic data,
shown in Table 17 and Figure 14, the data in Figure 15
show that sounds produced in the middle of the mouth
ranked second and back sounds ranked third in order of
correct production, at least for Groups 1-4. For the older

TaBLE 18. % correct production of postvocalic consonants as a
function of place of production.

Place of production

Place of production

Front Middle Back Front Middle Back

[b,m,v.f,0] [d,t,n,z,s,][] [g.k] [b,m,v,f,8] [d,tn,zs,f] fa.k]
Group  Age n M SD M SD M 5D Group  Age n M SD M SD M SD
1 4.5- 7.5 3 680 17.9 20.2 18.2 50.0 50.0 1 4.5« 7.5 5 400 14.1 202 18.2 10.0 22.4
2 76-95 12 T71.7 24.8 36.4 23.6 54.2 43.0 2 76-935 12 53.3 24.6 33.3 20.1 12.5 22,6
3 9.6-11.5 8 67.5 23.8 35.4 224 68.8 37.2 3 9.6-11.5 8 550 278 41.6 15.5 37.5 44.3
4 116-135 19 779 187 37.8 283 57.9 41,7 4 11.6-13.5 19 600 275 40.4 25.1 36.8 40.3
5 13.6-14.5 7 847 16.6 46.1 33.0 50.0 43.4 5 13.6-14.5 17 68.2 26.5 45.1 274 47.1 44.9
& 14.6-15.5 22 73.6 21.7 40.1 28.0 47.7 50,0 6 14.6-155 22 71.8 26.7 37.9 34.5 31.8 39.5
7 13.6-16.3 9 68.9 14.5 22,2 16.5 16,7 25.0 7 15.6-16.5 9 318 27.7 14.8 19.4 11.1 22.0
8 166-20.0 21 781 199 359 23.2 50.0 44.7 8 16.6-20.0 21 60.0 32.9 29.4 229 21.4 29.0
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FiGURE 14. Production accuracy of the prevocalic consonants ex-
pressed in terms of place of production. Data are plotted at the
midpoint of each age group.
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FicuRe 15. Production accuracy of the postvocalic consonants ex-

pressed in terms of place of production. Data are plotted at the
midpoint of each age group.
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age groups, the difference in production accuracy between
the mid and back sounds is negligible.

The data were next averaged across age groups to illus-
trate more clearly the effect of consonant position (pre- or
postvoealic) as a function of manner of production and
place of production. The data for manner of production are
illustrated in Figure 16. On the average, higher scores
were achieved for plosives and affricates when these
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sounds were produced in the prevocalic position than in
the postvocalic position. In contrast, the position of the
consonant had little effect on the production of fricatives
and nasals.

Figure 17 shows the effect of position on place of pro-
duction. On the average, higher scores were achieved
when the consonants comprising each of the three places
of production were produced in the prevocalic rather than
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Ficugre 16. Production accuracy as a function of consonantal position for the four manners of pro-
duction. Data are piotted at the midpoint of each age group.
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in the postvocalic position. Position appears to have the
greatest effect on sounds produced in the front of the
mouth, which is evidenced by the large difference be-
tween the students’ ability to produce these sounds accu-
rately in the prevocalic position and the postvocalic posi-
tion.

A measure of overall consonant production was derived
by calculating the percentage of all consonants produced
correctly by each student. The correlation between this
measure and age was found to be nonsignificant.

Speech Intelligibility

Table 19 and Figure 18 summarize the intelligibility rat-
ings assigned to the students’ spontaneous speech sam-
ples. These data also show limited improvement in
intelligibility with age, with the highest average rating of

TaBLE 19. Mean intelligibility rating assigned the spontaneous
speech sample.

Rating
Group Age n (%) SD
1 4.5~ 7.5 12 11.6 22.2
2 7.6— 9.3 12 15.8 3l.2
3 9.6-11.5 11 15.7 27.7
4 11.6-13.5 22 21.0 36.1
5 13.6-14.5 18 38.8 43.8
6 14.6-15.5 30 29.6 39.7
7 15.6-16.5 11 13.2 27.9
8 16.6-20.0 19 20.4 33.6
Group
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Ficure 18, Rated intelligibility of the students’ spontaneous

speech sample. Data are plotted at the midpoint of each age
group.

38.8% achieved by Group 5. When the scores were aver-
aged across all students, the data revealed that only about
18% of their speech was rated intelligible. The size of the
standard deviations suggests considerable variance among
the students within each age group. The correlation be-
tween age and performance on this measure did not reach
statistical significance. Intrajudge agreement was 83%,
90%, 90%, and 92% for Judges 1, 2, 3, and 4, respectively.
The data for interjudge agreement showed large dif-
ferences: 68% of the judgments were within a 25% rating
of one another, whereas 32% of the judgments differed
from each other by a rating of 26% or more. The relatively
large disagreement between judges on a task of this nature
has been reported by other investigators {Levitt, McGarr,
& Geftner, 1985), and it is not an unexpected finding. In
fact, a major reason for using more than one judge was be-
cause of the known variability among listeners on this type
of task.

Correlations Between Measures

Partial correlations, adjusted for age and performance
IQ, were calculated between the speech measures. The
measure of consonant production consisted of the percent-
age of all consonants produced correctly by each student.
The correlational data appear in Table 20. The rated intel-
ligibility of the spontanecus sample is indicated by SPINT,
and consonant production is indicated by CONS. As the
data show, strong correlations were found between all var-
iables. The correlations between segmentals (vowels and
consonants) are similar to those reported by other investi-
gators (Hudgins & Numbers, 1942; Smith, 1975).

TaBLE 20. Correlations between the speech variables.

Speech measures

SPINT CONS [i, a, u] fuj [a] [i]

[i] .60* .67 B5* B0* .50* 1.0
[a] A44% 40+ 9 64% 1.0

i A3F 44w 85 1.0

fi, a, ul .60*  .B4% 1.0

CONS T7* 1.0

SPINT 1.0

Note. SPINT = Speech intelligibility; CONS = consonants,
*p < .00,

To examine the effect of degree of hearing loss on
speech production characteristics, the students were di-
vided into two groups using the classification scheme de-
scribed in chapter 4 (i.e., Group I = PTA < 105 dB,
Group II = PTA > 105 dB). The group differences were
analyzed using independent sample t tests, with adjust-
ment for unequal group variances where appropriate. Sig-
nificant (p < .01} group differences were found for all vari-
ables analyzed. Because of the severely limited auditory
capabilities of the Group 1T students, correlations between
PTA and the other audiologic variables and speech pro-

OSBERGER ET AL.: Speech Evaluation 28



duction skills were calculated only for the students in
Group I. These data appear in Table 21. Significant nega-
tive correlations were found between PTA and all the
speech variables, with the strongest correlations observed
between the better-ear pure-tone average and the intelli-
gibility measure (SPINT). Vowel production did not show
a significant relationship with the audiologic variables. In
contrast, weak but significant correlations were found be-
tween consonant production, the two speech intelligibility
measures, and the age when the hearing loss was first sus-
pected and first confirmed. Maost of the speech measures
were not correlated significantly with the age of hearing
aid acquisition, with the exception of SPINT. Consonant
production was the only measure that showed a significant
relationship with aided pure-tone thresholds.

TabLE 21. Correlations between the audiologic and speech vari-
ables.

Audiologic Speech measures

variables [i] [a] ful [i,a u] CONS SPINT
PTA —.38%*% — 30%* — 25% — J7*¥ — 48%% _ 50x
PTAIDED .10 -—-.03 .06 07 —33% .01
HLSUS .09 Rzl .00 .05 .29% 23%
HLCONF .15 .07 .06 .14 Lo * 29
HAACQ -.07 .06 —.13 —.06 15 25%

Note. PTA = pure-tone average; PTAIDED = aided pure-tone
thresholds; HLSUS = hearing loss first suspected; HLCONF =
hearing loss confirmed; HAACQ = hearing aid first acquired;
CONS = consonants; SPINT = speech intelligibility.

*n < .0l
**p <001,

DISCUSSION

The speech production skills of these students appear to
be highly similar to those of other populations of hearing-
impaired children (Brannon, 1966; Geffner, 1980; Gold,
1980; Hudgins & Numbers, 1942; Markides, 1970; Smith,
1975). Production accuracy of the high-front vowel [i] was
inferior to that of either the high-back vowel [u] or the
low-back vowel [a], a finding previously reported by Smith
{1975) and Gold (1980). The rank order of consonants in
terms of manner and place of consonantal production also
is consistent with the results of Smith {1975) and Gold
{1980). That is, plosives and fricatives were produced cor-
rectly most often, followed by the nasals; affricates were
prone to error most often.

Performance with respect to place of production showed
that production accuracy was higher for back sounds [k, g,
h] than sounds produced in the middle of the mouth (oth-
erwise known as coronals [t, d, n]) and the sibilants [s, z,
1, at least in the prevocalic position. This pattern of per-
formance supports the data of Smith (1975), Gold {1980},
and Osberger (1983). It does not, however, support the
clinical notion that the error rate of consonants increases
in the speech of the hearing impaired as the place of pro-
duction moves farther back in the mouth and visibility de-
creases. There appear to be several explanations for this
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observed performance pattern. First, it might be that only
the most visible sounds (those produced in the front of the
mouth) contain cues sufficient to be used by a hearing-
impaired talker to facilitate his or her own speech produc-
tion skills. Although some features of the middle sounds
may be more visible than the back sounds, the visible
characteristics may not be sufficient to assist the hearing-
impaired observer in a speech-production task.

A second explanation may be that visibility in and of it-
self may not be a key factor in production. The lips, for ex-
ample, although quite visible, are relatively more con-
strained in their range of movement than are the other
articulators such as the tongue, thus permitting fewer pos-
sibilities for error (McGarr & Harris, 1980). Also, the mid-
coronal group of sounds has roughly twice as many sounds
as the back group. Because of this, precise positioning of
the articulators is necessary in order to differentiate cor-
rectly all the sounds with a medial place of production. In
contrast, there are only three velar sounds (k, g, h) in-
cluded in the English repertoire. It is possible that greater
variability in articulatory placement can be tolerated for
velars than alveolars before they are misperceived by the
listener.

Finally, the consonant data indicate that the majority of
consonants were more prone to error when they occurred
in the postvocalic than in the prevocalic position. This re-
affirms the finding in the speech of the hearing impaired of
omission of word-final consonants (Hudgins & Numbers,
1942; Markides, 1970; Smith, 1975). This finding might
also reflect a listener’s increased perceptual tolerance for
less accurate production of consonants in the postvocalic
than in the prevocalic position. That is, it often is more
difficult to determine the presence of a sound when it is
produced postvocalically, especially if it is an unreleased
plosive.

The results of the speech intelligibility evaluation re-
vealed that only a limited amount of what the students
produced could be understood by the listeners. The
speech intelligibility results with respect to overall per-
formance level is similar to that reported by other investi-
gators (Brannon, 1966; Gold, 1980; John & Howarth, 1965;
Markides, 1970; Smith, 1975),

A finding of particular concern is the negligible im-
provement in all speech production skills with age. This
finding is consistent with the data reported by Boothroyd
(1985) and the Office of Demographic Studies (Jensema,
Karchmer, & Trybus, 1978) for a large sample of hearing-
impaired students in the United States, but is not in
agreement with the results of a cross-sectional study by
Smith (19753), which shows significant differences in
speech production skills between younger and older stu-
dents in the same school. Further, longitudinal data re-
ported by Ling and Milne (1981} show significant improve-
ment in the intelligibility of the speech of the students in
their studies. The degree of hearing loss in the students in
the Ling and Milne and the Smith studies was similar to
that of the present sample, but, in contrast, students eval-
uated in the other studies attended schools that employed
oral-aural teaching philosophies. This suggests that stu-
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dents in auditory—oral schools achieve significant gains in
speech intelligibility, whereas students in total commu-
nication programs do not. Jensema et al. (1978) found that
children with high intelligibility ratings used speech fre-
quently, and as the use of signs and fingerspelling de-
creased, intelligibility increased. Additionally, the residen-
tial status of the students in the present study also might
be a contributing factor to their reduced speech intel-
ligihility, a finding also suggested by the data of Jensema
et al.

The above findings, however, need to be interpreted
with caution, because the relations cited are correlational
in nature and causal effects should not be inferred from
the data. In particular, there is insufficient evidence to
suggest that use of total communication in and of itself is
detrimental to the development of intelligible speech.
Likewise, these data should not be interpreted to indicate
that profoundly hearing-impaired children are incapable of
improving their speech or that the development of speech
is an unrealistic goal for them. In fact, significant changes
have been observed to occur in the speech of the hearing
impaired when they are provided with intense, systematic
training (Calvert, 1981; Osberger, 1983; Osberger,
Johnstone, Swarts, & Levitt, 1978). The amount of
training provided the present students is unknown to us,
although previous research suggests that the quality and
guantity of speech services generally available to the hear-
ing impaired are severely limited and inadequate
(Hochberg, Levitt, & Osberger, 1980).

The correlational data show a significant relationship be-
tween residual hearing and speech production skills, a
finding consistent with the results of other investigations
(Boothroyd, 1969; Gold, 1978; Hudgins & Numbers, 1942;
Smith, 1975). The data for the other audiologic variables
indicate better speech skills in those students whose losses
were suspected and confirmed earlier than the other stu-
dents. A significant correlation between age of hearing aid
acquisition and speech was not found for most of the meas-
ures probably because all students did not receive ampli-
fication for a relatively long period of time after their loss
was identified. These data emphasize the need for early
initiation of rehabilitation, including hearing aid fitting, as
well as early identification of the hearing loss itself.

In summary, the results of the speech evaluation sug-
gest that, on the average, the students in this sample dem-
onstrated severely limited speech production skills, and
there was negligible difference in these skills between the
vounger and older students. Residual hearing correlated
strongly with speech intelligibility and to a moderate de-
gree with the other speech measures. The findings with
respect to vowel and consonant production and overall in-
telligibility are highly similar to other populations of
hearing-impaired talkers in comparable educational set-
tings.
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Chapter 7

Intellectual Evaluation

Betty U. Watson
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Each student received an intellectual assessment as a
part of the multidisciplinary evaluation. Traditionally, 1Q
scores have been used in education as a reference point to
determine whether a student is making adequate academic
progress (Salvia & Ysseldyke, 1981). Significant differences
between 1Q and academic achievement or between 1Q
and language level may indicate the need for special serv-
ices. Although IQ scores often are used as the reference
point in making such decisions, it is important to re-
member that IQ by itself accounts for only 25-30% of the
variance in achievement and language measures in hearing
samples (Matarazzo, 1972; Zimmerman & Woo Sam, 1972)
and for somewhat less in hearing-impaired samples
{Watson, Goldgar, Kroese, & Lotz, in press; Watson, Sul-
livan, Moeller, & Jensen, 1982).

Intellectual evaluation of the hearing impaired is usually
accomplished with nonverbal or performance tests because
many individuals with congenital hearing losses are signifi-
cantly delayed in language development. Verbal 1Q results
in this population often reflect the language handicap
rather than the intellectual level (Vernon, 1976). The non-
verbal or performance tasks used in assessing the deaf usu-
ally require minimal, if any, verbal instructions and allow
for a nonverbal response. Examples of typical test items
include puzzles, block designs, visual discrimination tasks,
visual analogies, and visual memory. In this project, pri-
marily nonverbal measures were used to assess intel-
ligence; however, a verbal IQ scale was included as an ex-
perimental procedure.

There are numerous studies of nonverbal intelligence in
the profoundly hearing impaired. Vernon (1976) reviewed
50 reports and concluded that the evidence strongly sup-
ported the presence of average nonverbal intelligence in
the hearing impaired. Anderson and Sisco (1977) have re-
ported nonverbal IQ data on a relatively large (N = 1,228)
and demographically representative sample of hearing-
impaired children drawn primarily from residential
schools. The mean 1Q was within the average range but
significantly below the mean of the normal-hearing stand-
ardization sample. The standard deviation also was signifi-
cantly greater. This finding of a lower mean 1Q score may
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reflect the greater incidence of mental retardation in the
hearing-impaired population due to the overlapping
etiologies of some deafness and mental retardation.

Although the intellectual testing reported here was
done for clinical/educational purposes, several hypotheses
were generated about the group results. First, it was an-
ticipated that the mean nonverbal intelligence of this sam-
ple would fall within the Average range and possibly
slightly below the mean of normal-hearing samples. Sec-
ond, it was anticipated that the mean IQ of age groups 5,
6, and 7 would be lower because these groups would con-
tain some youngsters with etiologies of maternal rubella
contracted during the epidemic of 1964-1965. Third, it
was expected that verbal IQ would fall below the Average
range. Finally, data on teachers’ estimates of the intellec-
tual ability of their students were analyzed. It was hypoth-
esized that teachers may be inaccurate in perceiving the
ability of hearing-impaired students.

METHOD
Measures

Two nonverbal 1IQ measures were administered to each
student. These were the Hiskey—Nebraska Test of Learn-
ing Aptitude {H-NTLA) (Hiskey, 1966) and the perform-
ance scale from one of the three Wechsler scales:
Wechsler Preschool and Primary Scale of Intelligence
(WPPSIT) (Wechsler, 1967); Wechsler Intelligence Scale for
Children-Revised (WISC-R} (Wechsler, 1974); and
Wechsler Adult Intelligence Scale (WAIS) (Wechsler,
1955). The WPPSI was given to students ages 4-61% years,
the WISC-R to students 6-16 years 11 months, and the
WAIS to students 16 years and older. The verbal scale of
the Wechsler tests also was given to some of the students.

The Wechsler scales contain a minimum of five verbal
and five nonverbal subtests. Scores are calculated for the
individual subtests, Verbal IQ, Performance IQ, and Full
Scale. These Wechsler tests have been recognized as ade-
quately standardized (Salvia & Ysseldyke, 1981). Although
these scales were developed for use with normal-hearing



subjects, the performance scales are frequently used in the
evaluation of hearing-impaired individuals and are recom-
mended for this purpose (Vernon, 1976). Hirshoren,
Hurley, and Kavale (1979) analyzed the psychometric
properties of the WISC-R Performance Scale with a
hearing-impaired sample and found that the internal con-
sistency and intercorrelations among the subtests were
similar to those in hearing samples. Evidence of concur-
rent validity of the WISC-R Performance Scale in hearing-
impaired samples has been reported for other IQ meas-
ures (Hirshoren et al., 1979) and language measures
(Watson et al., 1982). This scale appears to have a weak,
albeit significant, relationship to academic achievement in
hearing-impaired samples (Hirshoren et al., 1979; Hurley,
Hirshoren, Kavale, & Hunt, 1979; Watson et al., in press).

The H-NTLA consists of two forms. The first contains
eight subtests and is administered to children 3-11 years
of age; the second has seven subtests and is given to indi-
viduals 11 years and older. The H-NTLA vyields scores for
the individual subtests as well as an overall score, the
learning quotient {LQ). Hiskey (1966} has urged the use of
the term learning quotient with the hearing impaired
rather than IQ. When hearing norms are used, the results
are expressed as I(Q). In contrast, the term LQ is applied
when the hearing-impaired norms are used. Unlike the
Wechsler scales, the H-NTLA was developed specifically
for use with the hearing impaired and includes separate
norms and directions for this population. This test has
been described by some reviewers as one of the best in-
struments for assessing the learning ability of the hearing
impaired (Newland, 1972; Salvia & Ysseldyke, 1981).
However, a relative weakness of the test has been the
standardization sample, which was not adequately strat-
ified and which also included small numbers at the youn-
gest ages, Other psychometric characteristics of this test
with the hearing impaired are more adequate. Hiskey
{1966) has reported satisfactory internal consistency,
and Watson (1983) found adequate test-retest stability.
There is evidence of concurrent validity with other non-
verbal 1Q measures {Hurley et al., 1979), language meas-
ures (Watson et al., 1982), and academic achicvement
(Giangreco, 1966; Watson et al., in press).

Procedures

Each child was tested individually by one of four psy-
chologists. Three of the psychologists worked with an in-
terpreter during the administration of the Wechsler scales.
The directions and questions were given in total commu-
nication. The H-NTLA was administered by these psy-
chologists through pantomime directions for the hearing
impaired. The fourth psychologist was fluent in sign and
administered the Wechsler in total communication. The
H-NTLA was also given in sign by this psychologist, using
the directions for hearing subjects as well as the hearing
norms. Subjects were assigned randomly so that approx-
imately half were tested by the psychologist who used
total communication, and the other half were tested with
the assistance of an interpreter.

The order in which the two tests were given was alter-
nated from subject to subject. The standardized directions
for test administration were followed. However, when the
Wechsler Verbal Scales were given, it was necessary to re-
phrase some questions by changing unfamiliar vocabulary
and some syntax that was particularly difficult for the
hearing-impaired students. The obvious questions raised
by such modifications are addressed in subsequent sec-
tions.

RESULTS

The results were first analyzed for sex differences and
examiner/mode of administration effects to see if data
could be combined for male and female students and
across the two modes of examination {no interpreter and
interpreter). These findings are discussed first, and then
the findings of primary interest, the IQ results, are pre-
sented.

Examiner/Mode of Administration and Sex Effects

The mean Wechsler and H-NTLA scores were com-
pared for differences between the two modes of examina-
tion. Significant differences were found for Wechsler
Performance 1Q. The mean of the group tested with an in-
terpreter was 99.6 and without an interpreter, 110.1 ({ =
3.64, p < .0l). Significant differences were also found for
Wechsler Verbal 1Q. The mean of the group tested with
an interpreter was 63.4 and without an interpreter, 73.7
(t = 3.44, p < .01).

No significant differences were found for the two condi-
tions for the H-NTLA. Approximately half of the students
were tested in pantomime, and the hearing-impaired
norms were used in scoring. The others were given the
hearing directions in total communication, and the hearing
norms were used. The use of the two different sets of
norms has probably obscured a significant difference. The
hearing-impaired norms are set approximately one-half
year lower for most subtests than the hearing norms.
Thus, had the hearing-impaired norms been used for both
groups, the group tested with the hearing directions
would have had an even higher mean score.

No significant differences were found between boys and
girls on Wechsler Performance or Verbal 1Q or on the
H-NTLA. Thus, the findings suggest that the data for boys
and girls could be combined, but that separate analyses
are necessary for the different examination conditions.

Nonverbal Intelligence

The means and standard deviations for the Wechsler
Performance IQ and H-NTLA LQ or IQ are shown in
Table 22. The mean Wechsler Performance 1Q is close to
the standardization group mean of 100 for the subjects re-
ceiving the test through an interpreter. The mean of the
group receiving the test through total communiecation
without an interpreter is significantly higher (p < .001)
than the standardization group mean. The standard devia-
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TaBLE 22. Means and standard deviations for Wechsler Perform-
ance IQ and Hiskey-Nebraska Test of Learning Aptitude
{(H-NTLA}) {Hiskey, 1966) learning quotient/1Q.

Test/Mode of examination n M SD
Wechsler Performance Scale
Interpreter 70 99.6 18.4
Total communication 69 1101 15.3
H-NTLA
Pantomime 70 899.5 22.6
Total communication 70 103.6 16.2

tion of the group receiving the test through an interpreter
also is significantly greater {p < .01) than the standard de-
viation of 13 for the standardization sample.

The mean H-NTLA score for the group receiving the
test with pantomimed directions and hearing-impaired
norms does not differ from the standardization group mean
of 100. However, the mean 1Q score of the group receiv-
ing the test with the hearing directions and norms is sig-
nificantly higher (p < .05} than that of the standardization
group. Since the H-NTLA test manual does not provide
information about the standard deviation of LQ in the
hearing-impaired standardization group, no comparison
can be made with the one obtained for this sample. The
standard deviation for the hearing standardization group
was 15 and does not differ significantly from that obtained
for this sample.

Table 23 shows the distribution of Wechsler and
H-NTLA scores for the subjects in the interpret-
er/pantomime test conditions. The table shows the fre-
quencies for several broad 1Q categories and provides
expected frequencies based on the findings from the
WISC-R standardization sample. Chi squares were signifi-
cant between the obtained and expected frequencies for
both H-NTLA LQ [x23) = 57.16, p < .001], and Per-
formance IQ [x2(3) = 13.64, p < .01].

The differences between these distributions reflect in
part the greater number of mentally retarded individuals

TaBLE 23. Frequency of LQ and Performance IQ scores.

Obtained frequencies
IQ/LQ H-NTLA Wechsler

Eaxpected frequencies
WISC-R

category LQ Performance 1Q  Standardization IQ°
69 and

below 10 6 1.56
70-89 10 13 15.76
90-119 37 47 46.79
120 and

above 14 5 6.89

Note. IQ/LQ = intelligence/learning quotient; H-NTLA = His-
key-Nebraska Test of Learning Aptitude (Hiskey, 1966}; WISC-R
= Wechsler Intelligence Scale for Children—Revised (Wechsler,
1974).

*Expected frequencies are the product of the percentages in the
standardization sample (Wechsler, 1974) times the number of
subjects in this sample.
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in the hearing-impaired sample versus the standardization
sample. When chi squares were repeated without the
mentally retarded subjects, the obtained distribution of
Wechsler Performance IQ does not differ from the ex-
pected distribution. However, the comparison between
the obtained and expected proportions was still significant
for the H-NTLA [x2(2) = 12.52, p < .01]. In a further
analysis of this finding, Watson and Goldgar (1983} noted
the tendency of the H-NTLA to vield an unexpected
number of subjects with extreme scores, which is appar-
ently due to a problem in test standardization.

Age Trends

Tables 24 and 25 give the means and standard devia-
tions of the IQ/LQ performance of the eight age groups.
None of the age groups had means outside the Average
range. There is a slight decrement in performance for age
groups 4-7 across both modes of administration. However,
there were no statistically significant differences among
age group means.

TaBLE 24, Mean Wechsler Performance scores as a function of
age.

Group Age n M 5D
1 4.5- 7.5 13 106.8 14.6
2 7.6- 9.5 14 106.6 15.7
3 9.6-11.5 12 113.7 16.0
4 11.6-13.5 21 105.3 21.1
5 13.6-14.5 19 101.9 17.6
6 14.6-15.5 31 100.6 18.1
7 15.6-16.5 11 101.9 20.1
8 16.6-20.0 24 105.3 14.7

TaBLE 25. Mean Hiskey—Nebraska Test of Learning Aptitude
{Hiskey, 1566} learning/intelligence quotient (LQ/IQ) as a func-
tion of age.

IQ (hearing norms)  LQ (deaf norms)
M SD

Group Age n M 5D n
1 4.5- 7.5 3 783 111 5 656 89
2 7.6- 9.5 8 780 143 4 758 178
3 9.6-11.5 7 867 13.2 3 550 6.1
4 11.6-13.5 9 829 139 8 625 169
5 13.6-14.5 7 8.3 151 10 629 141
6 14.6-15.5 17 789 102 9 396 14.0
7 15.6-16.5 5 752 9.0 4 60.8 168
8 16.6-20.0 12 820 10.7 2 740 17.0

Verbal Intelligence

Sixty-eight students were given the Wechsler Verbal
Scale in total communication without an interpreter.
Forty-five received the Verbal Scale through an interpret-
er. The mean of the group tested without an interpreter
was 73.7 with a standard deviation of 15.4, and the mean
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of the group tested with an interpreter was 63.4 with a
standard deviation of 13.7. The mean of the first group
falls within the Borderline range and the mean of the sec-
ond, within the range of Mental Retardation. Both scores
are significantly different (p <t .001) from the mean of 100
for the standardization group.

Two caveats must be noted in regard to the Verbal 1Q
results. First, some departures from standardized testing
procedures occurred. These modifications were generally
of the sort to simplify syntax or to shorten the length of the
questions. Second, not all students received the Verbal
Scale. Of the subjects tested through an interpreter, 25
did not take the Verbal Scale. The decision not to admin-
ister was strictly at random, and in some cases, the scale
was not given to a particular student because the examiner
suspected a severe language handicap. Thus, these Verbal
1Q data do not provide normative information about
hearing-impaired students. Rather, these results docu-
ment the extreme difficulty of the Wechsler Verbal Scales
for many hearing-impaired youngsters, even when some
accommeodations have been made in the testing proce-
dures.!

Teachers’ Perception of Intelligence

Teachers of 41 students were asked to complete a 5-
point rating scale of students” intelligence. The anchor ad-
jectives were as follows: Below Average, Low Average,
Average, Above Average, and Superior. Teacher ratings
were compared to the psychometric classifications for the
H-NTLA scores and the WISC-R Verbal and Performance
scores. An agreement between teacher ratings and psycho-
metric classification was counted when the discrepancy
was no greater than the adjacent category (i.e., Average
and Low Average would be counted as an agreement,
whereas Average and Below Average would be counted as
a disagreement).

Agreement between the teacher ratings and the three
measures were WISC-R Verbal IQ—63%, WISC-R Per-
formance 1Q—68%, and H-NTLA LQ or IQ—76%. The
agreement between WISC-R Performance IQ and
H-NTLA scores was 100%.

These results suggest that teachers perceived the major-
ity of the hearing-impaired students’ intellectual ability ac-
curately. However, in approximately one quarter of the
cases, the teachers’ perceptions were markedly inaccurate
when compared to actual test scores. The direction of the
discrepancy was often that the teacher rating was lower.
This was true for all but one discrepancy for the WISC-R
Performance IQ and true for all the H-NTLA discrepan-
cies. Tt should be noted that the tendency of the H-NTLA
to yield extreme scores may account for some of the dis-
crepancies between ratings and LQ scores.

1Because administration of the verbal scale was considered an
experimental procedure, this measure was not included in the
chi-square analysis to determine if the sample who received the
test differed significantly from the total sample.

DISCUSSION

The finding of an examiner effect warrants some review
before the results of primary interest are discussed. The
scores obtained for the Wechsler scales by the examiner
working without an interpreter were significantly higher
than those obtained by the other examiners who used in-
terpreters, It is likely that a similar difference would have
been observed for the H-NTLA if both sets of examiners
had used the same norms in scoring. No interpreters were
used in administering the H-NTLA, but one examiner
gave the test using the directions for hearing subjects
through total communication. The other examiners used
the directions for hearing-impaired subjects, which are
pantomimed. The results of the first examiner were higher
than those obtained by the other examiners,

There are three possible explanations for these dif-
ferences: nonrandom assignment of subjects to testing con-
ditions, an examiner effect, or a testing condition (mode of
administration) effect. The first explanation can be fairly
well ruled out because assignment of subjects to examiners
was generally done randomly. The other two possibilities
can neither be ruled in nor out due to a confounding of the
“experimental design.” That is, the lack of an experimental
design in which all examiners and all methods were com-
hined makes it impossible to differentiate between an ex-
aminer versus mode of administration effect. Only one of
the psychologists tested in total communication, whereas
the other three tested exclusively through an interpreter
or by pantomime in the case of the H-NTLA. Without rul-
ing out an examiner effect, a conditions or mode of admin-
istration effect cannot be confirmed. Although the idea
that total communication yields a better performance on
nonverbal intelligence tests by hearing-impaired children
is intriguing at first glance, it may seem less likely when
the nature of these nonverbal tests is examined. Direc-
tions on many of the nonverbal subtests are brief, many
include visual demonstrations as part of the directions, and
some of the task requirements are obvious such as the
puzzles and block designs. Thus, these tasks do not re-
quire complex directions that might be difficult to commu-
nicate through an interpreter. It is possible the presence
of an interpreter affects testing in more subtle ways, such
as “diluting” rapport with the examiner, but the cognitive
rather than the personal nature of the tasks does not make
this too likely.

The primary finding from the intelligence testing was
that the Performance, or nonverbal, IQ of this sample was
within the Average range and did not differ significantly
from that of the normal-hearing standardization samples.
The one exception was the mean Wechsler score obtained
without an interpreter, which fell within the High Average
range.

The mean Wechsler Performance IQ scores for both ex-
amination conditions were higher than those obtained by
Anderson and Sisco (1977) in their large sample of residen-
tial deaf students. They obtained a mean of 95.7 versus
means of 99.6 (interpreter) and 110 (no interpreter) in this
sample. It is possible that these higher scores in part re-
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flect the generally higher levels of intellectual ability
which have been reported for children residing in the geo-
graphic region from which the present sample was drawn.

Although the means obtained in this hearing-impaired
sample are similar to those of the hearing standardization
samples for the Wechsler Performance Scales, the dis-
tribution of IQ is significantly different. A greater number
of subjects fell within the range of mental retardation in
this sample. This difference in distribution is also reflected
in the standard deviation of 18.2 obtained for this sample
versus the standard deviation of 15 obtained for the
normal-hearing standardization sample. These differences
in distribution and variability are most likely due to the
overlapping etiologies of some deafness and mental retar-
dation.

Performance IQs and H-NTLA IQs and LQs were with-
in the Average range or higher across all eight age groups.
The means of the age groups 4-7 were low relative to the
other groups. However, there were no statistically signifi-
cant differences among the age group means.

The Wechsler Verbal Scales also had been administered
as an experimental procedure. In the course of administer-
ing these scales, occasional, departures were made from
standardized testing conditions. The modifications were of
the nature to shorten sentence length and simplify syntax.
In addition, the Verbal Scale was administered to a subset
of the sample which was probably slightly biased toward
inclusion of students with better language ability. Thus,
these data do not provide normative information about
the performance of hearing-impaired students on the
Wechsler Verbal Scales. However, they do document the
extreme difficulty that many hearing-impaired students
have with this task. In contrast to the Average and above
mean nonverbal IQ scores of the sample, the mean Verbal
IQ score fell significantly below the Average range. The
mean of the group tested without an interpreter fell within
the Borderline range; the mean of the group tested with
an interpreter fell within the range of Mental Retardation.
The difficulty of this task, of course, reflects the heavy
weighting that the Wechsler Scales give to verbal com-
prehension (Kaufman, 1979). Further, the Wechsler scales
may present even greater difficulty than some other lan-
guage tasks due to the nature of some of the subtests
which contain low probability vocabulary, long sentences
with minimal redundancy, and complex syntax.

Finally, teachers were asked to rate the intelligence of
their students because it was suspected that this might be
difficult since nonverbal IQ is less observable. It was
found that teachers estimated the intelligence of most stu-
dents accurately. However, estimates were discrepant
from the actual, obtained scores for approximately one
quarter of the sample, and the usual direction of the dis-
crepancy was that the teacher estimate was lower.

Whether teachers” perceptions of ability affect their
management of the child is debatable. The literature on
the “Pygmalion Effect” (Rosenthal & Jacobsen, 1968), in
which teacher expectations possibly influence actual gains
in [, has failed to confirm consistently this effect. How-
ever, there is some support (Sutherland & Goldschmid,
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1974) that negative expectations may affect later 1Q per-
formance of Superior children. Because a number of the
discrepancies in the present sample involved children who
were Superior by psychometric standards, it may be of
some use to apprise teachers of the outstanding ability of
such youngsters.

To summarize the intellectual findings, the main result
was of average nonverbal intelligence. The actual means
were quite consistent with those reported for the normal-
hearing samples on which the [{ measures were standard-
ized. Despite the similar means, the distribution of non-
verbal IQ scores differed significantly from the distribution
of the normal-hearing standardization sample. The present
sample included a larger number of subjects within the
range of mental retardation. Average nonverbal IQ was
observed across all age groups. In contrast to the Average
nonverbal IQ) that was found, verbal IQ scores were signif-
icantly below those of the normal-hearing groups on which
the tests are standardized. This, of course, reflects the
English-language problems of the prelingually hearing-
impaired student. Finally, it was found that teachers were
relatively accurate in estimating their hearing-impaired
students’ intellectual level in spite of the less observable
nature of nonverbal intelligence.
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Three major aspects of language were evaluated: {a} lex-
ical/semantic skills, {b) syntactic/morphological skills, and
(c) functional communicative skills, Both receptive (com-
prehension of language) and expressive (production of lan-
guage) skills were assessed, although complete separation
of these was not always possible. As Geers, Kuehn, and
Moog (1981) noted, tests labeled expressive require the
student to comprehend the language necessary to produce
an appropriate expressive response, and likewise, some
tests that purport to assess comprehension of language re-
quire a verbal {sign) response. For organizational pur-
poses, the measures have been classified as receptive or
expressive, based on the primary focus of the test. The re-
sults of the receptive language evaluation are presented in
this chapter. The expressive language results are present-
ed in chapter 9 with the correlations between the recep-
tive and expressive measures. Correlations between the
measures in each area as well as between other relevant
variables (speech intelligibility, nonverbal 1Q, and PTA)
are presented at the end of each chapter.

METHOD

Procedure

The receptive language measures administered to the
students were designed to tap lexical/semantic or syntac-
tic/morphological skills. Although it would have been de-
sirable to include measures that assessed functional com-
municative skills, no practical procedures of this nature
were available. Also, our intent was not to assess the stu-
dents” knowledge of American Sign Language or any man-
ually coded system of English. Even though the tests were
administered via total communication, our goal was to as-
sess comprehension and use of the English language. The
data are interpreted with this goal in mind.

The receptive language tests were administered individ-
ually to the students by an aural rehabilitation specialist
using total communication. An exception to this was the
administration of the Test of Syntactic Abilities {TSA)
(Quigley, Steinkamp, Power, & Jones, 1978), which was
completed by the students in small groups. The tests used
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to assess receptive language skills are summarized in Table
26 and described in more detail in Appendix A. Table 27
contains a list of the tests and the acronyms used to refer
to them throughout this monograph. Some tests purport to
measure the same skills but differ in terms of test format
and/or the age range of the standardization sample.

Because the Peabody Picture Vocabulary Test (PPVT)
(Dunn, 1959) was appropriate for every age group, this
test was administered first to each student. The results of
the PPVT were then used to identify the tests most appro-
priate for each child. In general, the two youngest age
groups (1 and 2} were given one test battery—Vocabulary
Comprehension Scale (VCS} (Bangs, 1975), Miller—Yoder
Test of Grammatical Comprehension (TGC) (Miller &
Yoder, 1975), Reynell Verbal Comprehension Scale
{R-VCS) (Reynell, 1975)—whereas the older students
were given the remaining measures. However, if a stu-
dent’s language skills were superior or inferior to those of
the peers in his/her age group, some or all of the measures
were given from the other battery. Thus, students in
Group 2 who achieved relatively high scores on the PPVT
received some or all of the tests administered to the older
students. In this case, they would receive the BOHM
(Boehm Test of Basic Concepts) (Boehm, 1971) rather than
the VCS, and the TO-GU (Grammatic Understanding
subtest of the Test of Language Development) (Newcomer
& Hammill, 1877) rather than the TGC and the R-VCS.
In contrast, some of the other tests given the older stu-
dents, such as the TSA, were considered inappropriate for
even those younger students with above-average language
abilities. An older student who had severely reduced lan-
guage skills might have received the test battery designed
for the younger students. If, however, only a few students
in a particular age group received a test that their peers
did not, these data are not reported. This situation oc-
curred infrequently.

A common situation that occurred with the older stu-
dents (Groups 3-8) was that only selected measures within
the test battery were determined inappropriate for indi-
vidual students, based on their performance on the PPVT.
Most often, a particular measure was considered too diffi-



TabLE 26. Summary of the Receptive Language Test Battery.

Area Standardization Range Response

Test assessed population of norms format
Peabody Picture Vocabulary Vocabulary Hearing students  2.5-18 years Picture selection
Test {(Dunn, 1959
Test of Language Vocabulary Hearing students  4.0-9.11 years Picture selection
Development (Newcomer &
Hammill, 1977)

Picture Vocabulary subtest
Vocabulary Comprehension Selected concepts  Hearing students  2-6 years Object
Scale (Bangs, 1975) manipulation

Boehm Test of Basic Concepts

Selected concepts

Hearing students

Kindergarten to

Picture selection

(Boehm, 1971) 2nd grade
Test of Grammatical Syntax Hearing students  3-6 years Picture selection
Comprehension (Miller &
Yoder, 1975}
Test of Language Syntax Hearing students  4.0-9.11 years Picture selection
Development

Grammatic Understanding

subtest
Child Language Ability Syntax Hearing students  4-8 vears Picture selection
Measures (Mehrabian &
Moynihan, 1979)

Grammar Comprehension

subtest
Test of Syntactic Abilities Syntax Hearing-impaired  10-19 years Multiple choice:
(Quigley, Steinkamp, Power, students written format
& Jones, 1978)
Verbal Comprehension Scale Voeabulary Hearing students - 18 months— Object and toy
(Reynell Developmental concepts, 7 years manipulation
Language Scales, Reynell, connected
1977) language
Inventory of Language Conjunctions and  Hearing students  9-14 years Cloze task and
Assessment Tasks (Kellman, comparative “yes-no”
Flood, & Yoder, 1977) relations response

cult for a given student because of its format. For exam-
ple, the CLAM (Child Language Abilities Measure)
(Mehrabian & Moynihan, 1979} and the TO-GU both pur-
port to measure receptive syntactic/morphological skills of
children in roughly the same age range, but our previous
experience with these two measures has shown that deaf
students achieve lower scores (in terms of equivalent-
language age) on the CLAM than on the TO-GU., When-
ever possible, both tests were administered to the stu-
dents; those students whose language skills appeared to be
somewhat inferior to those of their peers received the
“gasier” of the two measures {i.e., the TO-GU). This also
was true for the TO-GC (Grammatic Completion subtest
of the TOLD) and the TSA, with the TSA being the more
difficult of the two measures. Those tests where the sam-
ple size for a particular age group is smaller than that re-
ported in Table 1 generally reflect the performance of the
students with slightly “better” language abilities. The ex-
ception to this is the BOHM test which was considered to
be too easy for many of the older students. Keep in mind,
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however, that the results of the chi-square analysis, re-
ported in chapter 1, showed that the sample of students
tested on each language measure did not differ signifi-
cantly from the sample of 150 students in terms of hearing
loss or performance 1Q.

The students’ mean equivalent language age was de-
rived by converting each student’s raw score to a language
age and then averaging across students in each age group.
If a student achieved either the lowest or highest possible
score on a test, this basal (or ceiling) score was taken as the
measure of the student’s performance and was included in
the average with the scores of the other students. For or-
ganizational purposes, the test resuits are discussed ac-
cording to the skills assessed: lexical/semantic skills or syn-
tactic/morphologic skills. The results of these tests which
assessed several different skills {Reynell Verbal Com-
prehension Scale {R~VCS) and the Inventory of Language
Assessment Tasks (LAT-R) (Kellman, Flood, & Yoder,
1977)] are presented in a separate section to permit com-
parison of performance across subtests.
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TabLE 27. Receptive language tests and acronyms.

Test Acronym

Lexicon/Semantics
Peabody Picture Vocabulary Test {Punn, 1959) PPVT

Test of Language Development (Newcomer &
Hammill, 1977)
Picture Vocabulary TO-PV

Boehm {1971} Test of Basic Concepts BOHM
Vocabulary Comprehension Scale (Bangs, 1975) VCS

Syntax/Morphology

Test of Grammatical Comprehension (Miller &
Yoder, 1975 TGC

Test of Language Development

Grammatic Understanding TO-GU
Child Language Ability Measures (Mehrabian &

Moynihan, 1979) CLAM
Test of Syntactic Abilities (Quigley, Steinkamp,

Power, & Jones, 1978) TSA

Other Measures

Reynell {1977) Developmental Language Scales

Verbal Comprehension Scale R-VCS
Inventory of Language Assessment Tasks

{Kellman, Flood, & Yoder, 1977)

Receptive items LAT-R

RESULTS
Lexical/Semantic Skills

The results of the two tests designed to assess word
knowledge, the Peabody Picture Vocabulary Test (PPVT)
and the Picture Vocabulary subtest (TO-PV) of the Test of
Language Development (TOLD), are summarized in
Tables 28 and 29, and Figure 19. There are two forms of
the PPVT (Form A and Form B); haif of the students were
randomly assigned Form A, and half were randomly as-
signed Form B. The structure and age norms of the PFVT
permitted it to be used with students spanning a wider age
range than was possible with the TO-PV. For this reason,

TaBLE 28. Performance on the Peabody Picture Vocabulary Test
{Dunn, 1959}

Age equivalent

Group Age n M sD (years)
1 4.5- 7.5 13 39.6 16.0 4.4
2 7.6- 9.5 13 55.5 9.3 - 6.2
3 9.6-11.5 12 59.4 11.0 6.8
4 11.6-13.5 22 63.0 9.5 7.6
3 13.6-14 5 19 66.0 9.7 9.1
6 14.6-15.5 32 66.9 121 9.3
7 15.6-1€ 5 11 71.7 11.4 9.3
8 16.6-20.0 23 69.4 11.6 9.8

vocabulary skills were assessed with the majority of young-
er students with the PPVT only.

The data in Tables 28 and 29 and in Figure 19 reveal
several major findings. First, on the average, the students
are severely delayed in their receptive lexical skills rela-
tive to their hearing peers. Second, the students achieved
a higher performance level on the TO-PV than on the
PPVT, but the TO-PV appears to be less discriminating
among age groups than the PPVT. That is, there is a larger
difference between groups as a function of age on the
PPVT than on the TO-PV. Performance on both tests was
correlated significantly with age (p < .001), but a higher
correlation between performance and age was observed for
the PPVT (r = .60) than for the TO-PV (r = .41). Third,
the gap between the students’ chronological age and lan-

TaBLE 29. Performance on the Picture Vocabulary subtest of the
Test of Language Development (Newcomer & Hammill, 1977}

Age equivalent
Group Age n M sD (years)
2 7.6- 8.5 9 14.7 3.7 6.7
3 9.6-11.5 10 16.7 4.5 7.2
4 11.6-13.5 18 19.5 4.5 9.2
5 13.6-14.5 19 19.3 4.2 9.2
6 14.6-15.5 32 20.4 3.6 9.5
7 15.6-16.5 11 21.1 2.8 9.7
8 16.6-20.0 23 20.7 2.9 9.6

Group
! 2_3 4 567 8
r 17 1 171 71T 7 71
14— 7
L @ PPVT .
O To-PV ]

12~

11~ 7]

Mean Age-Equivalent Performance

b 8 10 12 14 18 18 20
Mear Chronological Age

Ficuze 18. Performance of the students on the Peabody Picture
Vocabulary Test (PPVT) (Dunn, 1959) and Picture Vocabulary
subtest of the Test of Language Development (TO-PV)
(Newcomer & Hammill, 1977), receptive vocabulary tests, as a
function of age. Raw scores have been converted to an equivalent
language age. Data are plotted at the midpoint of each age group.
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guage age increases from Group 1 to Group 8. It should be
noted, however, that the performance of Groups 6 and 7
could not be accurately measured on the TO-PV because
many of the students’ scores reached the test ceiling of 8§
vears 11 months.

Assessment of lexical/semantic skills also included eval-
uation of key concepts. Two different tests were used, de-
pending on the age and suspected performance level of
the student. The majority of students in Groups 1 and 2
received the Vocabulary Comprehension Scale (VCS),
whereas the older students received the Boehm Test of
Basic Concepts (BOHM). Some of the more advanced stu-
dents in Group 2 were administered the BOHM rather
than the VCS.

The students’ comprehension of the concepts on the
VCS is summarized in Table 30, The data were averaged
across the students in Groups 1 and 2 because of the small
sample size in each group. Table 30 shows that, on the
average, a nearly perfect score was achieved on items as-
sessing comprehension of size and quality. The small
standard deviations on those items suggest that there is lit-
tle variance in the students’ performance. In contrast, only
about half of the items assessing quantity, position, or pro-
nouns were correctly comprehended by the students.
Large standard deviations were obtained, indicating a
wide range in abilities among students on these items. Sta-
tistical analysis revealed no significant correlation between
age and performance on the VCS. This finding, however,
may reflect the limited age range of the students who re-
ceived the measure.

TaBLE 30. Performance (% correct) of Groups 1 and 2 {n = 12}
on the Vocabulary Comprehension Scale (Bangs, 1975).

TaBLE 31. Performance (% correct) of Groups 1 and 2 (n = 12)
on the Vocabulary Comprehension Scale (Bangs, 1975) as a func-
tion of age level of the test item.

Item-Age level

(yr:mo) M 5D

2:0-2:6 89.6 20.7

2:6-3:0 66.0 19.3

3:0-3:6 75.1 16.4

3:6-4:0 55.0 17.8

4:0—4:6 60.8 17.3

4:6-5:0 52.5 26.0

5:0-5:6 53.0 15.5
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Concept M sD
Size 96.4 74
Quality 90.6 9.9
Quantity 63.0 29.9
Pasition 57.9 14.7
Pronouns 54.5 20.4

Items on the VCS are also specified by an age level at
which 80% of the normal-hearing standardization sample
passed each item. For example, a 2.0 age level means that
80% of the 2-year-old children in the standardization sam-
ple correctly comprehended that item. The age levels span
a range of 2.0-5.6 years in 6-month intervals. The hearing-
impaired students’ scores, calculated as a function of age
level of the test item, appear in Table 31 and Figure 20.
The data do not always show the expected relationship be-
tween performance and developmental age level. For ex-
ample, the 3:0 to 3:6 (years:months) items were easier
than the 2:6 to 3:0 items, and more students correctly
identified the 4:0-4:6 items than the 3:6—4:0 items.

The performance of the students on the BOHM is sum-
marized in Table 32 and Figure 21, which show the raw
scares, averaged across all items for each of the age
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[tem-Age Midpoint {Years)

Ficure 20. Performance of the students on the Vocabulary Com-
prehension Scale (Bangs, 1975) expressed in terms of item age
level. Data are plotted at the midpoint of each age group.

groups. On this measure, raw scores are not converted to
age equivalents. Rather, the test comprises items that.
normal-hearing students master between kindergarten and
second grade. The highest score achieved was equivalent
to a performance level of a 6-year-old child with normal
hearing. Table 33 and Figure 22 summarize the results in
terms of percent correct for the four item categories. The
highest scores were achieved for the space concepts, fol-
lowed by quality concepts and miscellaneous items; time
concepts were the most difficult. The data show some
growth in the four conceptual-skill areas with age, with the
largest differences between groups observed for the items
involving time concepts. A low but statistically significant
correlation was observed between age and performance on
this test (r = .27, p < .01). The majority of students who
received this measure, however, even by 16-18 years of
age, were not comprehending some of the basic linguistic
concepts mastered by 6-8-year-old children with normal
hearing. It should be kept in mind, however, that this test
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guage age increases from Group 1 to Group 8. It should be
noted, however, that the performance of Groups 6 and 7
could not be accurately measured on the TO-PV because
many of the students” scores reached the test ceiling of 8
years 11 months.

Assessment of lexical/semantic skills also included eval-
uation of key concepts. Two different tests were used, de-
pending on the age and suspected performance level of
the student. The majority of students in Groups 1 and 2
received the Vocabulary Comprehension Scale (VCS),
whereas the older students received the Boechm Test of
Basic Concepts {BOHM). Some of the more advanced stu-
dents in Group 2 were administered the BOHM rather
than the VCS.

The students’ comprehension of the concepts on the
VCS is summarized in Table 30. The data were averaged
across the students in Groups 1 and 2 because of the small
sample size in each group. Table 30 shows that, on the
average, a nearly perfect score was achieved on items as-
sessing comprehension of size and quality. The small
standard deviations on those items suggest that there is lit-
tle variance in the students’ performance. In contrast, only
about half of the items assessing quantity, position, or pro-
nouns were correctly comprehended by the students.
Large standard deviations were obtained, indicating a
wide range in abilities among students on these items. Sta-
tistical analysis revealed no significant correlation between
age and performance on the VCS. This finding, however,
may reflect the limited age range of the students who re-
ceived the measure.

TabLE 3. Performance {% correct) of Groups 1 and 2 {n = 12}
on the Vocabulary Comprehension Scale (Bangs, 1975).

Concept M SD
Size 96.4 7.4
Quality 90.6 9.9
Quantity 63.0 29.9
Position 57.9 14.7
Pronouns 54.5 20.4

Items on the VCS are also specified by an age level at
which 80% of the normal-hearing standardization sample
passed each item. For example, a 2.0 age level means that
80% of the 2-year-old children in the standardization sam-
ple correctly comprehended that item. The age levels span
a range of 2.0-5.6 years in 6-month intervals. The hearing-
impaired students’ scores, calculated as a function of age
level of the test item, appear in Table 31 and Figure 20.
The data do not always show the expected relationship be-
tween performance and developmental age level. For ex-
ample, the 3:0 to 3:6 (years:months) items were easier
than the 2:6 to 3:0 items, and more students correctly
identified the 4:0—4:6 items than the 3:6—4:0 jtems,

The performance of the students on the BOHM is sum-
marized in Table 32 and Figure 21, which show the raw
scores, averaged across all items for each of the age
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TabBLE 31. Performance (% correct) of Groups 1 and 2 {n = 12)
on the Vocabulary Comprehension Scale (Bangs, 1973) as a fune-
tion of age level of the test item,

Ttem-Age level

(yrimo) M SD
2:0-2:6 89.6 20.7
2:6-3:0 66.0 19.3
3:0-3:6 75.1 16.4
3:6—4:0 55.0 17.8
4:04:6 60.8 17.3
4:6-5:0 52.5 26.0
5:0-5.6 53.0 15.5
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Ficure 20. Pedormance of the students on the Vocabulary Com-
prehension Scale (Bangs, 1975} expressed in terms of item age
level. Data are plotted at the midpoint of each age group.

groups. On this measure, raw scores are not converted to
age equivalents. Rather, the test comprises items that.
normal-hearing students master hetween kindergarten and
second grade. The highest score achieved was equivalent
to a performance level of a G-year-old child with normal
hearing. Table 33 and Figure 22 summarize the results in
terms of percent correct for the four item categories. The
highest scores were achieved for the space concepts, fol-
lowed by quality concepts and miscellaneous items; time
concepts were the most difficult. The data show some
growth in the four conceptual-skill areas with age, with the
largest differences between groups observed for the items
involving time concepts. A low but statistically significant
correlation was observed between age and performance on
this test (r = .27, p < .01). The majority of students who
received this measure, however, even by 16-18 years of
age, were not comprehending some of the basic linguistic
concepts mastered by 6-8-year-old children with normal
hearing. It should be kept in mind, however, that this test
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TaBLE 32. Performance (% correct} on the Boehm Test of Basic
Concepts (Boehm, 1971}

TaBLE 33, Performance (% correct) on the concepts of the Boehm
Test of Basic Concepts (Boehm, 1971).

Group Age n M SD
2 7.6~ 9.5 6 36.8 6.4
3 5.6-11.5 8§ 37.8 7.6
4 11.6-13.5 15 39.1 9.7
53 13.6-14.5 1 40.3 9.5
6 14.6-15.5 24 41.9 7.9
7 15.6-16.5 8 43.6 7.2
8 16.6-20.0 18 44.9 6.5
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Ficure 21. Raw scores of the students on the Boehm Test of
Basic Concepts (Boehm, 1971) as a function of age. Data are plot-
ted at the midpoint of each age group.

was not administered to many of the older students be-
cause their performance on the PPVT indicated that the
test would not be sufficiently difficult for them.

Syntactic/ Morphological Skills

The Test of Grammatic Comprehension (TGC) was ad-
ministered to the students in Groups 1 and 2. Scores,
averaged across the two age groups, appear in Table 34
and are expressed as the rank order of correct reception of
the 12 syntactic forms. The highest score was achieved on
the modification structures, followed by negative/af-
firmative statements and prepositions. Progressively lower
scores were obtained for the other structures. The size of
the standard deviations indicates substantial variance
amaong students in their knowledge of these various syn-
tactic structures. The correlation between age and per-
formance on this test did not reach statistical significance.

Concepts
Age group Space Quantity Miscelloneous Time
Group 2 M 75.4 65.8 62.2 33.3
S 2.2 20.3 25.4 25.0
n 9
Group 3 M 73.6 70.5 77.5 62.5
SD 178 19.8 16.7 231
n 8
Group 4 M 79.9 72.3 73.3 63.3
SD 16.7 19.5 26.9 35.2
n 15
Group 5 M 846 76.8 76.4 79.5
SD 157 23.2 26.6 21.8
n 11
Group 6 M 893 81.3 50.0 84.8
sD 12.9 19.7 22.6 22.3
n 23
Group 7 M 89.9 79.9 75.0 87.5
SD 103 20.6 23.3 19.9
n 8
Group 8 M 856 84.2 85.0 79.2
SD 20.2 22.4 26.9 25.6
n 17
Group
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Ficure 22. Raw scores of the students on the four item catego-
ries of the Boehm (1971) Test of Basic Concepts. Data are plotted
at the midpoint of each age group.

The TGC also specifies items by four age levels (4-year,
5-year, 6-year, and 6+-year items) at which 90% of the
normative population met passing criteria. The age levels
of the items are based on normative data obtained
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TABLE 34. Performance (% correct) of Groups 1 and 2 (n = 12)
on the Test of Grammatical Comprehension {Miller & Yoder,
1975).

Syntactic form M sD
Modification 73.7 22.4
Negative/ Affirmative 69.1 27.6
Prepositions 57.1 30.1
Active: Subject/Object 46.4 41.4
Reflexivization 39.3 35.0
Possession 37.5 40.1
Pronouns: Subject 37.1 37.9
Singular/Plural 6.8 33.2
Pronouns: Object 26.1 32.5
Verb Inflection 20.5 23.5
Passive 14.3 23.4
Pronouns: Subject/Object 2.4 9.9

{Owings, 1972) from 30 normal-hearing children in each of
the following age groups: 3 years, 4 years, 5 years, and 6
years. Table 35 shows the mean and standard deviation for
the different items by age level, averaged across students.
On the average, performance decreases as the age level of
the item increases. Only about 68% of the 4-year items
were identified by the 4.6-9.5-year-old hearing-impaired

students; much lower scores were achieved on the items at
the higher age levels. There are, however, substantial in-
dividual differences among the students on the different
age items as evidenced by the large standard deviations.

Three tests were used to measure comprehension of
syntax and morphology in the older students. These con-
sisted of the Test of Syntactic Abilities (TSA), the Gram-
matic Understanding subtest {TO-GU) of the TOLD, and
the Grammar Comprehension subtest of the Child Lan-
guage Abilities Measure {CLAM).

The TSA was administered only to students in Groups
4-8. The students’ knowledge of the various syntactic
structures is summarized in Table 36 and Figures 23 and
24. On the average, the highest scores were achieved for

TaBLE 35. Performance (% correct) of Groups 1 and 2 (n = 12)
on the Test of Grammatic Comprehension (Miller & Yoder, 1975)
as a function of age level of the test item.

Item age level

4 years 5 years 6 years G+ years
M 67.6 46.9 36.9 20.6
Sp 20.3 24.3 22.7 10.6

TaBLE 36. Performance (% correct) on the Test of Syntactic Abilities (Quigley, Steinkamp, Power,
& Jones, 1978) by group (with age range in years and group size given).

Group 4 Group 5 Group 6 Group 7 Group 8
(11.6-13.5; (13.6-14.5; (14.6-15.5; (15.6-16.5; (16.6-20.0;
Syntactic form n = 13) n=2_5) n = 23) = 10) n = 16)
Negation
M 69.2 71.5 79.2 85.6 86.0
SD 29.8 17.9 23.4 14.9 16.2
Question Formation
53.7 50.9 69.9 63.2 71.1
SD 33.6 25.4 27.1 32.7 26.9
Determiners
55.5 51.6 64.9 64.2 69.1
D 27.7 29.2 29.6 33.0 27.3
Conjunctions
53.0 47.5 56.4 51.8 73.7
SD 32.2 29.9 29.6 35.7 22.1
Pronominalization
M 50.0 61.3 5.7 59.0 62.5
SD 29.6 19.1 25.0 30.1 19.1
Complementation
M 44.2 44.3 54.7 46.6 62.1
sD 26.5 26.5 21.4 25.1 26.3
Nominalization
43.4 43.3 50.5 59.2 56.5
sD 24.9 22,7 19.9 22.5 24.1
Verbal Processing
M 40.8 47.5 51.7 47.0 63.8
SD 29.4 21.2 30.6 32.7 25.3
Relativization
M 43.6 43.6 49.6 49.2 52.1
SD 22.8 21.1 23.1 25.5 25.0
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Fiqure 23. Raw scores of the students on the Negative, Ques-
tion, Determiner, Conjunction, and Pronominalization forms on
the Test of Syntactic Abilities (Quigley, Steinkamp, Power, &
Jones, 1978). Data are plotted at the midpoint of each age group.

the negation forms. As shown in the figures, the students’
performance on this structure was far superior to that on
any other form. The next highest scores were obtained on
question, determiners, conjunction, and pronominaliza-
tion forms. The lowest scores were obtained on the com-
plementation, nominalization, verb processes, and rela-
tivization forms. Large standard deviations are present on
all structures, indicating substantial variability in perform-
ance. Although none of the forms is mastered by any age
group, there is evidence of growth in the comprehension
of many of the structures with age. A significant correla-
tion {r = .28, p < .01) was found between performance on
this measure and age.

The data for the subtests of the CLAM and TO-GU are
summarized in Tables 37 and 38 and Figure 25. These two
tests reportedly assess similar syntactic and grammatic
structures, although there are major differences in test
format, described in Appendix A, Norms for the CLAM
are expressed in percentile rankings using five cutoff
points: 95, 75, 50, 25, and 5th. A score can he converted
to an equivalent language age in 6-month intervals (e.g.,
3-3% vears, 3%-4 years, etc.) by locating the raw score
corresponding to the 30th percentile in the test manual.
On the average, the students obtained a higher language
age on the TO-GU than on the CLAM, The difference in
performance among age groups is minimal. Performance
on neither test was correlated significantly with age. These
data show that the majority of hearing-impaired students
in this sample comprehend English syntax on the level of a
5-7 year-old child with normal hearing.

TaBLE 37. Performance on the Child Langurage Abilities Measure
(Mehrabian & Moynihan, 1973).

Age equivalent

Group Age n M SD (yrmo)
2 7.6— 9.5 8 39.0 3.6 5:0-3:6
3 9.6-11.5 11 39.4 3.0 5:0-5:6
4 11.6-13.5 16 36.6 7.7 4:6-5:0
3 13.6-14.5 12 39.1 6.8 3:0-5:6
6 14.6-15.5 27 37.8 5.9 5:0-5:6
7 15.6-16.5 9 36.3 6.5 4:6-3:0
8 16.6-20.0 19 39.9 7.2 3:0-3:6

TaBLE 38. Performance on the Grammatic Understanding subtest
of the Test of Language Development (Newcomer & Hammill,
1977).
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FicurEe 24. BRaw scores of the students on the Complementation,
Nominalization, Verbal Processing, and Relativization forms of
the Test of Syntactic Abilities (Quigley, Steinkamp, Power, &
Jones, 1978). Data are plotted at the midpoint of each age group.

Age equivalent

Group Age n M SD {years)

1 4.5- 7.5 2 13.5 2.1 -

2 7.6- 9.5 8 15.4 1.5 6.0
3 9.6-11.3 10 16.4 4.3 6.7
4 11.6-13.5 17 16.2 5.0 6.7
3 13.6-14.5 19 16.7 4.4 6.7
6 14.6-15.5 31 16.6 3.3 6.7
7 15.6-16.5 11 15.6 3.1 6.2
8 16.6-20.0 23 16.8 4.5 6.6
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categories, the data show that the scores of the hearing-
impaired students do not reflect the expected relation be-
tween performance and item difficulty, The score for the
items in Category 3 (identification of object by functional
descriptor} was higher than the scores for the items in Cat-

TaBLE 39. Performance of Groups 1 and 2 on the Verbal Com-
prehension Scale of the Reynell (1977} Developmental Language
Scales.

Age equivalent

Group Age n M sD {yr:mo)
1 4.5-7.5 12 42.3  10.7 3:3
2 7.6-9.5 5 50.4 5.4 311

TaBLE 40. Performance (% correct) of Groups 1 and 2 on the Ver-
bal Comprehension Scale of the Reynell {1977) Developmental
Language Scales as a function of item category.

Mean Chronological Age

FiGURe 23. Performance of the students on the Test of Language
Development-Grammatic Understanding (TO-GU} (Newcomer
& Hammill, 1977) and Child Language Ability Measures {CLAM)
{Mehrabian & Moynihan, 1879), receptive syntax tests, as a func-
tion of age. Raw scores have been converted to an equivalent lan-
guage age. Data for the CLAM are plotted at the midpoint of the
6-month interval of the equivalent language age. Data are plotted
at the midpoint of each age group.

Additional Measures

The Verbal Comprehension Scale of the Reynell Devel-
opmental Language Scales (R-VCS) was administered to
the students in Groups 1 and 2. The test consists of a
range of developmentally ordered tasks that require the
student to comprehend linguistic information ranging from
isolated words to connected language. For purposes of
analysis, the test was subdivided into six categories, based
on item tvpe. The categories and item numbers are (a)
Category 1 (items 1-21): object identification; {b) Category
2 (items 22-25}): relational directions; (¢) Category 3 (items
26-33): object identification by functional descriptor; (d)
Category 4 (items 36-45): following directions with 2-5
critical elements; (e} Category 5 (items 46--39): following
directions with 4-7 critical elements; and (f} Category 6
{items B0~67): conceptual reasoning.

The performance of the students in the two youngest
age groups Is summarized in Tables 39 and 40 and Figure
26. The data in Table 39 show performance expressed in
terms of the raw score and equivalent language age for the
entire test, indicating that the average performance of the
students on this measure approaches that of a 4-year-old
hearing child. There was no significant correlation be-
tween performance of this measure with age. Table 40
summarizes performance in terms of item category. On
the average, a nearly perfect score was obtained on the
items in Categorv 1 (object identification). For the other
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Category Description M 8D
A Object identification 99.5 3.4
B Relational directions 70.6 29.6
C Object identification by
functional descriptor 89.2 19.0
D Following directions with 2-5
critical elements 69.4 26.3
E Following directions with 4-7
critical elements 27.8 19.1
F Conceptual reasoning 39.2 22.1
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FiGURE 26. Performance of the students on the six category items
of the Verbal Comprehension Scale of the Reynell (1977) Devel-
opniental Language Scales, where Category 1 is object identifica-
tion, Category 2 is relational directions, Category 3 is object
identification by functional descriptor, Category 4 is following di-
rections with 2-5 critical elements, Category 5 is following direc-
tions with 4-7 critical elements, and Category 6 involves concep-
tual reasoning.
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egory 2 (relational directions). Performance on the items
in Category 4 (following directions with 2-5 critical ele-
ments) was similar to that for Category 2 (relational direc-
tions). The most difficult category of items was 3 {following
directions with 4-7 critical elements and, therefore, in-
creased length). Approximately 40% of the items involving
conceptual reasoning {Category 6) were answered correctly
by the students.

Comprehension of several different linguistic aspects
was evaluated in the older students with the Inventory of
Language Assessment Tasks (LAT). The receptive portions
of the test (LAT-R), which were in this study, consisted of
two categories of items. Ten items involved use of con-
junctions, which required the student to place the missing
conjunction (but, because, and} in a short sentence (e.g.,
Everyone came Peter). The students’ scores, ex-
pressed in terms of percent correct, appear in the first row
of Table 41. The highest level on these items was achieved
by the students in Group 7, whose performance was only
slightly better 1i.e., 13%} than that demonstrated by the
students in Group 3.

The second row of Table 41 summarizes performance in
terms of percent correct for the group of 10 items de-
signed to assess comparative relations. A “ves” or “no” re-
sponse to a question was required of the student for this
task {e.g., “Are watermelons bigger than apples?). High
scores were achieved by almost all age groups on this test.

The exception to this pattern was Group 7. The size of the
standard deviation indicates that there was considerable
variance among the students on this measure. Age and
performance on the LAT-R were not correlated signifi-
cantly.

Correlations Between Measures

Partial correlations, adjusted for age and performance
1Q, were calculated between the receptive langnage meas-
ures. Raw scores were used to compute the correlations.
Of the three tests administered to the younger students, a
significant correlation {r = .73, p < .001) was found be-
tween the VCS, which assessed basic concepts, and the
R-VCS, which assessed comprehension of structures vary-
ing in length, syntactic complexity, and semantic content.
The TGC, a syntax measure, did not correlate significantly
with either the VCS or R-VCS.

The correlational data for the remaining tests, primarily
administered to the older students, appear in Table 42.
Most of the tests were significantly correlated, although
there is some variability in the strength of the correlations.
The highest correlation was observed between the
BOHM, a concept test, and the CLAM (r = .75), a syn-
tax/morphology test. The next highest correlation was
found between the two syntax/morphology measures
{CLAM and TO-GU) {r = .70), and between the TSA and

TABLE 41. Performance {% correct) on the Inventory of Language Assessment Tasks—receptive
portion (Kellman, Flood, & Yoder, 1977) by group (with age range given in years).

Group 3 Group 4 Group 5 Group 6 Group 7 Group 8

Items (6.6-11.5) (11.6-13.5) (13.6-14.5) (14.6-15.5) (15.6-16.5} (16.6-20.0)
Conjunctions

M 66.8 73.6 76.8 79.4 9.5 93.3

8D 19.9 25.5 17.3 16.8 16.4 14.5
Comparative

relations
M 83.3 86.9 92.1 90.8 80.9 93.3
SD 24.0 19.9 14.2 16.7 32.4 14.5

TaBLE 42. Partial correlations, adjusted for age and performance IQ, between receptive language

tests.

Test LAT-R TSA CLAM TO-GU BOHM TO-PV PPVT
PPVT .55* .60* LB3#* .B1* .20 .46%* 1.0
TO-PV 42% 46* o4* 49* 57 1.0

BOHM 49% .44* 75% 5g* 1.0

TO-GU 52* Y 70 1.0

CLAM .54* L63* 1.0

TSA TO* 1.0

LAT-R 1.0

Note. LAT-R = Inventory of Language Assessment Tasks-receptive items (Kellman, Flood, &
Yoder, 1977); TSA = Test of Syntactic Abilities (Quigley, Steinkamp, Power, & Jones, 1978);
CLAM = Child Language Ability Measures (Mehrabian & Moynihan, 1979); TO-GU = Test of
Language Development—Picture Vocabulary subtest (Newcomer & Hammill, 1977); BOHM =
Boehm Test of Basic Concepts (Boehm, 1971); TO-PV = TOLD-Picture Vocabulary subtest;
PPVT = Peabody Picture Vocabulary Test (Dunn, 1959).

*n < .001.
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the LAT-R (r = .70). Note also the relatively high correla-
tions between the three syntax tests (TSA, CLAM, and
TO-GU). An interesting finding is that a higher correla-
tion was found between the syntax subtest of the TOLD
{TO-GU) and the PPVT than between the vocabulary sub-
test of the TOLD (TO-PV) and the syntax test of the
TOLD (TO-GU).

Significant correlations were found between perform-
arnce IQ (PIQ), as measured by the WISC-R, and 7 of the
10 receptive language tests: PPVT (r = .28, p < .001},
TO-PV (r = .31, p < .001), BOHM (r = .25, p < .03),
TO-GU (r = .25, p < .01), CLAM {r = .26, p < .01),
TSA {r = .33, p < .01) and LAT-R {r = .27, p < .01).
Speech intelligibility (SPINT) correlated significantly with
performance on four of the measures: PPVT (r = .24, p <
01), TOGU (r = .51, p < .001), CLAM {r = 41, p <
.001), and B-VCS (r = —.42, p < .001). The significant
negative correlation between the R-VCS and intelligibility
indicates that those students who had poor speech produc-
tion skills achieved higher scores on the R—VCS than the
other students. Recall that the R—VCS was administered to
only the students in Groups 1 and 2. The negative correla-
tion might reflect an interaction with degree of hearing
loss and language skills in that those students with the
most profound losses were identified early and, thus, re-
ceived more language training than those students with
less severe hearing impairments (see Results in chapter 4).
The students with the most profound losses would be ex-
pected to have the poorest speech skills (see Results in
chapter 6). The interaction between residual hearing,
speech production skills, language skills, and the effect of
early training are apparent for the younger students only.

To examine the relation between residual hearing and
receptive language skills, the students again were divided
into two groups, based on their better ear pure-tone aver-
age (Group [ = PTA < 103 dB HL; Group II = PTA >
105 dB HL). Independent sample ¢ tests, adjusted for
unequal group variances where appropriate, revealed sig-
nificant group differences (p < .01} on the PPVT only,
Correlations between PTA and the receptive language
measures for the students in Group I revealed a significant
relationship between PTA and two of the syntax measures:
CLAM (r = —.31, p < .01) and TO-GU (r = .32, p <
.001),

DISCUSSION
Lexical! Semantic Skills

The results in this area revealed that, on the average,
the students were severely delayed in lexical/semantic
skills. Their performance on the measures in this area ap-
proached that of a 5-7-year-old child with normal hearing.
The limited word knowledge of the hearing impaired has
been observed by other investigators (Geers et al., 1981;
Rosenstein & MacGinitie, 1969) as well. One reason for
the limited vocabulary skills of the hearing impaired ap-
pears to be due to their dependence on direct teaching of
the meaning of the words they learn, a situation in marked
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contrast to that of the child with normal hearing, who ac-
quires the majority of word meanings vicariously.

Of the two vocabulary measures, the PPVT appears to
provide the most accurate estimate of skills in this area.
Also, an advantage of this test is that it contains more
items than the TO-PV and thus allows for more scatter in
the student’s response prior to achieving a test ceiling.
This pattern of scattered errors was demonstrated by many
of the students in that they incorrectly identified items
throughout the test before the criterion for test termina-
tion was achieved (i.e., n consecutive incorrect responses).
In addition, the PPVT correlated more highly with the
other receptive language measures than the TO-PV, with
the exception of the BOHM.

Verbal-conceptual skills also were delayed relative to
the performance of normal-hearing children. The order of
difficulty of the concepts on the VCS was similar to that
reported for a group of 6~8-vear-old, profoundly hearing-
impaired students educated in an oral communication pro-
gram (Geers et al., 1981}. The average performance level
on the concepts involving size and quality also were sim-
ilar to that reported by Geers et al.; however, the students
in the present study achieved substantially lower scores on
the other item types (quantity, position, pronouns) than
reported in the Geers et al. study. The order of difficulty
of the various concepts on the Boehm Test of Basic Con-
cepts was consistent with that reported by Davis (1974) for
a group of hard-of-hearing students educated in various
types of mainstream programs. Unfortunately, perform-
ance on this test did not change much with age. Davis also
reported no significant difference between the younger
and older students in her study. These results suggest that
either the deaf students reach a plateau in their develop-
ment of specific language concepts at a fairly early age, or
the Boehm test is not sufficiently sensitive to detect the
developmental changes which are taking place. At this
time, we do not have adequate data to address this issue.

The high correlation between the Reynell (R—VCS) and
the VCS suggests that these tests measure some of the
same skills. Qur previous clinical experience with the
R-VCS has shown that this test provides nseful diagnostic
information about young hearing-impaired children’s lan-
guage performance. The tasks are designed to reflect con-
ceptual maturation as well as integration of semantic and
syntactic information. Tn addition, the graded increases in
abstraction between categories (subtests) appear to be con-
sistent with the increasing demands language learning
places on a child as s/he matures.

Syntactic/ Morphologic Skills

In general, the data revealed that English syntac-
tic/morphological skills were more delayed than content
(lexical) skills. Few students achieved greater than a 5-7-
year language age in receptive syntax. On the average,
performance was higher on the TO-GU than the CLAM,
probably due to differences in test format. The CLAM
uses a format of minimally contrastive pairs (i.e., horse's
twhite truck vs. white horse’s truck), which forces the stu-
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dent to process the linguistic rule to respond accurately.
The TO-GU also uses a multiple choice of pictures, but
the alternatives have many dissimilarities, and on many
items a student can select the correct answer by merely at-
tending to key words. Thus, the CLAM appears to be a
more sensitive measure in that its format dictates that the
student attend to word-order relationships and syntactic
rules rather than to key-word clues. However, a relatively
high correlation (r = .70} was obtained between the two
tests. Thus, the TO-GU is an acceptable procedure to
measure syntactic/ morphological skills if' clinical priorities
dictate this test be administered to a given student.

The ordering of rule mastery on the TSA was similar to
that reported by Quigley, Wilbur, Power, Montanelli and
Steinkamp (1976} and Geers et al. (1981). However, the
average performance level of the students in this study
was poorer than that reported by Quigley et al. and Geers
et al. Even though the TSA is a time-consuming test to ad-
minister, it appears to yield useful information about a stu-
dent’s ahility to comprehend structures that s/he encoun-
ters frequently in print. Another advantage is the
availability of norms on hearing-impaired students, and it
is a test that can be administered by the classroom teacher
to a group of students. A disadvantage of the test is the
written format, which makes the test impractical to admin-
ister to students with severe reading problems or visual
processing deficits. The correlations between this measure
and the two syntax tests that use an oral/sign presentation
mode, the CLAM and the TO-GU, were high, suggesting
these two tests are reasonable alternatives to the TSA.

The performance of the students on the syntax/
morphology tests suggests that they have acquired the
structures necessary to comprehend and generate only the
simplest sentences of English, an observation also made
by other investigators (Kretschmer & Kretschmer, 1978;
Quigley et al., 1978). The forms that were the most diffi-
cult for the students were those that did not adhere to
simple subject-verb-object sentence order. The inability of
hearing-impaired students to comprehend complex syntac-
tic structures poses serious problems for reading. In fact,
data obtained by Quigley, Power, and Steinkamp (1977)
indicate that beginning reading materials, designed for
hearing students, contain complex syntactic structures that
are beyond the linguistic competence of many hearing-
impaired students. These authors suggest that reading ma-
terials should be modified to conform more closely to the
language performance of hearing-impaired students. The
superficial knowledge of the organization and function of
English also has been shown to have a dramatic effect on
hearing-impaired students’ ability to use language to aid
memory (Fremer, 1971; Odom & Blanton, 1967) and to
understand the implications of discourse organization
{Kretschmer & Kretschmer, 1978).

Plateau in Learning

A striking feature of the data is the very restricted im-
provement in language skills with age. On the average,
the students achieved language ages of 5-7 years on syn-

tactic/morphological skills and 6-8 years of age on lex-
ical/semantic skills, with little growth occurring after
12-13 vears of age. It is possible that the reduced rate of
learning reflects the situation that not all of the students
were administered the same measures (for reasons ex-
plained in the first part of this chapter). That is, had more
of the children who would have scored low been tested on
some of the measures, then a stronger age effect might
have been observed. This may account, in part, for the
low correlations between age and performance. However,
our clinical experience has shown that a gap between
chronological age and language age is frequently observed
in the performance of hearing-impaired children, with a
widening in the gap as age increases. Further, the ob-
served plateau in learning in profoundly hearing-impaired
students has been reported by other investigators (Clarke
& Rogers, 1981; Meadow, 1976).

The significance of the above finding should be inter-
preted in light of the following considerations. First, the
language skills assessed in this project do not necessarily
reflect the communicative competence of the students,
The majority of receptive measures employed were those
designed to assess the literal meaning of words and sen-
tences. As Rees and Shulman {1978) have pointed out,
these measures do not tap the broad range of operations
that the listener performs to obtain information from the
spoken/signed utterance. There are few, if any, standard-
ized procedures, however, that permit quantification of
comprehension of the types of utterances that occur in col-
loquial discourse.

A related aspect is that the tests did not assess the use of
comprehension strategies. In many conversational situa-
tions, the normal-hearing child may employ sophisticated
comprehension strategies in the absence of complete lin-
guistic knowledge to understand a message (Chapman,
1978). Thus, in a functional communicative situation,
these hearing-impaired students may be more adept at
comprehending a message than the data indicate, even
though their linguistic and syntactic skills may not be fully
developed.

The above discussion is not meant to imply that the very
reduced form and content skills of the students tested is
not of significance. Clearly, acquisition of lexical/semantic
and syntactic/morphological skills is critical to the educa-
tional and vocational development of these students. Even
with the above considerations, the receptive language
skills of these students is severely delayed relative to their
hearing peers, and the gap between chronological age and
language skills widens with age. It is important to keep in
mind, however, that the language ages derived from the
various measures may not be representative of the per-
formance level of these students in functional communica-
tion situations.

Deviations in Developmental Patterns

The younger students’ performance on the VCS and the
Reynell Verbal Comprehension Scale (R-VCS) revealed
patterns inconsistent with expected developmental pro-
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gression which appear to be a result of several variables.
First, instructional priorities for preschool deaf students
may not coincide with developmental sequences. For ex-
ample, the VCS results suggested much earlier mastery of
quality and size concepts than quantity and position con-
cepts and pronouns. Quality and size concepts, which are
somewhat easy to illustrate visually, are often introduced
earlier in a student’s program than other concepts and pro-
nouns. Clinical observation suggests that position con-
cepts, although introduced early, require a long time to
master because generalization beyond specific activities
requires more time and training for these concepts than
for those involving quality and size. Quantity concepts,
considered “preacademic,” are often introduced after
achievement of other language skill areas.

Personal pronoun concepts were limited, which is not
surprising in view of the fact that most hearing-impaired
students are taught noun referents (at a delayed age rela-
tive to hearing peers) before pronoun referents. In addi-
tion, we learned that the students in our study had not
heen systematically exposed to pronoun signs within their
program; rather, pronouns were introduced by the school
at a later stage in fingerspelled forms.

Concept strength and weaknesses may influence the
student’s ability to process connected information. On the
R-VCS, for example, deficits in position concepts influ-
enced the student’s ability to follow relational directions.
That is, when asked to “put the knife on the plate,” the
students often failed to attend to the spatial relational con-
cept and instead focused on the key words, handing the
examiner the knife and plate. Yet, object identification by
functional descriptor (which is reported to be much more
difficult conceptually than relational directions for hearing
students) elicited responses with greater precision than
the preceding category by the hearing-impaired students.
This category required the student to relate an in-
ternalized concept {an attribute) to a perceived object
{e.g., “Which one do we sleep in?”). In this case, linguistic
features {such as prepositions) do not need to be com-
prehended by the hearing-impaired student because the
key words (such as sleep) cue the relationship. Divergence
from developmentally expected performance may be due
to the nature of the task which allows the student to draw
upon “inner language” or conceptual understanding rather
than specific syntactic comprehension. The perplexing
finding is that the relational directions should be implicit
{i.e., spoons vsually go into cups), yet the hearing-
impaired youngsters attended to the content words of the
subtest sentences rather than to the contextual cues.

This same point was illustrated by the last two sets of
items on the R—VCS. The one that required assimilation of
several semantic and syntactic details (following directions
with 4-7 critical element-categories) was extremely diffi-
cult, yet on the following task (Category 6, conceptual rea-
soning), in which the ideational content goes far beyond
the concrete evidence available, the students’ performance
improved. The task required for the Category 6 items is
highly abstract and requires verbal reasoning, but the lin-
guistic demands are reduced enough to allow the student

52 ASHA Monographs

to draw upon her/his conceptual base to choose the cor-
rect answers.

Third, especially for the younger students, the length of
input of signed instructions may have affected perform-
ance. This may also explain some of the deviation in devel-
opmental pattern on the B—VCS because most of the stu-
dents relied on a “key word” comprehension strategy. For
example, given an examiner directive, some students ap-
peared to respend on the basis of the key ideas s/he could
store in short-term memory, often to the sacrifice of less
salient grammatical or semantic cues {e.g., “Put the three
short pencils in the box” resulted in three pencils of any
size in the box). Diagnostic teaching revealed that chunk-
ing of the information (“See three short pencils? Put them
in the box.”) and selective emphasis were effective in ob-
taining the correct response. (If this approach was em-
ployed, the student was not given credit for the item.)
Performance on items such as these was apparently influ-
enced by the inability to handle utterance length within
short-term memory.

Nonlinguistic Effects on Performance

The majority of tests administered to the students were
developed for oral rather than sign presentation. It is un-
clear how this modification in administration mede af-
fected test performance. Clinical observation suggests that
scores may be reduced or inflated by a sign presentation
mode, particularly when vocabulary skills are assessed.
For example, many of the advanced items on the PPVT
had to be presented via fingerspelling because there was
no sign for the item in the system used by the school.
Thus, the vocabulary scores of the older students might
have been influenced by their receptive fingerspelling
abilities. On the other hand, spurious results may have
been obtained on some multiple-choice tests because the
pictured alternatives on such tests permit the student to
use iconic or sign association cues to make an “educated
guess~ at the meaning of a word. That is, the student may
guess the right answer by matching the sign with the asso-
ciated picture, a perceptual matching task rather than a
linguistic one. Although signs are not often “guessable”
{(Wilbur, 1979) with an open-set format, this is not always
the case when a multiple-choice task is used. In fact, pre-
liminary data collected in our laboratory have shown that
when the items of PPVT are administered using only sign,
roughly 70% of the items are correctly identified by
normal-hearing adults with no prior exposure to sign.

Finally, a comment needs to be made regarding the gap
between the students’ cognitive and linguistic skills. Be-
cause of the severe language delays of the students, they
were administered tests that comprised both linguistic and
nonlinguistic tasks appropriate for children much vounger
than themselves. In this situation, the hearing-impaired
student approaches the nonlinguistic aspects of the test
with more sophisticated nonverbal cognitive strategies (or
“real world knowledge”) than the population for whom the
test was developed. As a consequence, nonlinguistic fac-
tors may have a spurious effect on linguistic results.

No. 23 1986



Correlational Data

The correlational data revealed essentially no significant
relationship between receptive language and degree of
hearing loss, a finding consistent with the data reported by
Levitt, McGarr, and Geffner (1985). It should be kept in
mind, however, that the majority of students had profound
hearing losses (see Table 10). Had there been more stu-
dents with severe losses, a significant correlation between
receptive language and hearing level might have been
found,

Slightly less than half of the tests correlated significantly
with speech intelligibility, indicating that speech produc-
tion skills and receptive language skills do not have a
strong relationship in these students. Nonverbal 1Q bore a
significant relationship with 7 of the 10 receptive meas-
ures. This finding is in general agreement with the results
of Watson, Sullivan, Moeller, and Jensen (1982}. These
data suggest that nonverbal intelligence may account, in
part, for the language problems of some profoundly
hearing-impaired children. The strength of the correla-
tions, however, indicates that other factors also bear a sig-
nificant relationship with the language performance of the

deaf.

SUMMARY

The students are delayed relative to their hearing peers
in all areas of receptive language assessed, with slightly
greater delays evidenced in syntax/morphology than in
lexicon/semantics. There was negligible improvement in
performance after approximately 12-13 vears of age, and
most of the measures did not correlate significantly with
age. Receptive language skills also did not correlate signifi-
cantly with hearing level, and the correlations between
the majority of measures and speech intelligibility were
not statistically significant. On the other hand, low but sig-
nificant correlations were obtained between nonverbal in-
telligence and 70% of the receptive language tests. In gen-
eral, the pattern and performance level of these students
is similar to that reported for other populations of hearing-
impaired students. Comparison data, however, were not
available for the majority of receptive language measures
used in this study. Analyses of test performance revealed
deviations in developmental pattern in the voung students
which appears to be due, in part, to instructional priorities
in their educational programs. Anecdotal information sug-
gests that a sign rather than an oral only presentation
mode may affect test performance, but it is unclear to
what extent this occurs.
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PROCEDURES

Test administration and scoring procedures were the
same as those employed for evaluation of receptive lan-
guage skills. It should be noted that, in general, students
both signed and spoke their responses. However, some of
the students with more intelligible speech (approximately
12) preferred to use a spoken rather than a signed re-

sponse, which also was acceptable. The measures included
in the expressive language test battery appear in Table 43
and Appendix B. Table 44 contains a list of the tests and
their acronyms. Again, most of the measures assessed lex-
ical/semantic or syntactic/morphological skills, Several
tests were developed to evaluate expressive functional
communicative skills. These procedures, however, are
nonstandardized, and the results should be interpreted

TABLE 43. Summary of expressive language test battery.

Test

Area
assessed

Standardization
population

Range
of norms

Response
Sformat

Woodcock-Johnson Psycho-Educational Test Battery (Woodcock & Johnson, 1977)

Picture Vocabulary
Antonyms/Synonyms

Analogies

Quantitative
Concepts

Vocabulary

Vocabulary: opposites
and similarities

Verbal analogous
relationships

Math concepts

Hearing students

Hearing students

Hearing students

Hearing students

Test of Language Development (Newcomer & Hammill, 1877)

Oral Vocabulary

Crammatic
Completion

Reynell {1977)
Developmental
Language Scales

Inventory of Language
Assessment Tasks
(Kellman, Flood, &
Yoder, 1977)

Ability to define words

Ability to use
grammatical endings

Expressive content,
vocabulary, and
grammar

Range of verbal-
conceptual skills

Hearing students
Hearing students

Hearing students

Hearing students

1st-12th grade
1st-12th grade

1st-12th grade

1st-12th grade

4.0-8.3 yrs.
4.0-8.11 yrs.

18 mos./7 yrs.

9-14 yrs.

Picture labeling

Oral (Signed) in
response to printed-
word query

Provide final word in
analogy presented in
print

Respond to numeral
supported examiner
questions

Oral (signed}
descriptions

Fill-in-the-blanks

Object, picture labeling,
and description

Oral {sign} and written




TABLE 44, Expressive language tests and acronyms.

Test Acronym

Lexicon/Semantics

Woodcock—Johnson {1977) Psycho-Educational
Test Battery

Picture Vocabulary W]-PV
Antonyms/Synonyms WI-A/S
Analogies WJ-AN
Quantitative Concepts WJ-QC
Test of Language Development (Newcomer &
Hammill, 1977}
Oral Vocabulary TO-OV
Syntax/Morphology
Test of Language Development
Grammatic Completion TO-GC
Other Measures
Reynell (1977) Developmental Language Scales
Expressive scale R-ES
Inventory of Language Assessment Tasks
{(Kellman, Flood, & Yoder, 1977)
Expressive items LAT-E

with this in mind. The organizational structure for presen-
tation of the expressive langnage data is the same as that
used in the preceding chapter.

RESULTS
Lexical/Semantic Skills

Two tests were employed to assess specific aspects of
oral/sign vocabulary. These consisted of the Oral Vocabu-
lary subtest of the Test of Language Development
(TO-0V} (Newcomer & Hammill, 1977) and the Picture
Vocabulary subtest of the Woodcock-Johnson Psycho-
Educational Test Battery (WJ-PV} {(Woodcock & Johnson,
1977). The W]-PV required the student to assign a specif-
ic label to the pictured item, whereas the TO-OV subtest
required the child to define familiar words. That is, the
purpose of the TO-OV subtest was not merely to ascertain
whether the student knew a specific stimulus word, but
whether s/he could isolate attributes to provide an ade-
quate definition of the word. The students” perfermance
on these two measures is summarized in Tables 45 and 46,
and Figure 27. On the average, the data show that the stu-
dents are severely delayed in their expressive vocabulary
skills on both measures. Slightly higher scores were
achieved on the TO-OV subtest than on the W]-PV for
Groups 2, 3, and 4; Groups 5, 6, 7, and 8 achieved similar
scares on the two tests. Performance on the TO-OV sub-
test should be interpreted with eaution because almost
half of the students in the older age groups reached the
test ceiling of 8 years 3 months. The method for averaging
hasal and ceiling scores was the same as that described in

TasLE 45. Performance on the Picture Vocabulary subtest of the
Woodcock-Johnson Psycho-Educational Test Battery {(Woodcock
& Johnson, 1977).

Age equivalent

Group Age n M SD {years)
2 7.6— 9.5 7 8.9 1.1 5.4
3 9.6-11.5 11 10.3 45 8.2
4 11.6-13.5 18 10.9 3.6 6.3
5 13.6-14.5 18 12.3 4.6 7.1
6 14.6~-15.5 28 13.8 43 7.8
7 15.6-16.5 11 14.3 4.3 8.4
8 16.6-20.0 23 13.0 4.3 7.4

TABLE 46. Performance on the Oral Vocabulary subtest of the
Test of Language Development (Newcomer & Hammill, 1977).

Age equivalent

Group Age n M SD (years)
2 7.6- 9.5 9 8.6 3.2 6.3
3 9.6-11.5 10 11.7 4.9 6.8
4 11.6-13.5 18 12.5 4.7 7.2
5 13.6-14.5 19 13.3 3.9 7.0
6 14.6-15.5 32 13.7 4.8 7.5
7 15.6-16.5 11 14.5 3.2 8.0
8 16.6-20.0 23 12.7 4.1 7.4
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Ficugrg 27. Performance on the Oral Vocabulary subtest of the
Test of Language Development (TO-OV) (Newcomer & Ham-
mill, 1977) and the Picture Vocabulary subtest of the Woodcock-
Johnson Psycho-Educational Test Battery (WJ-PV) (Woodcock &
Johnson, 1977} as a function of age. Data are plotted at the mid-
point of each age group.
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chapter 8. The data also show restricted growth on the two
vocabulary tests as a function of age, although both tests
showed a low but statistically significant correlation with
age (TO-OV: r = .23, p < .01, Wj-PV. r = .32, p <
.001). Large standard deviations are present for all age
groups, again suggesting substantial variance among the
performance of the students.

Different aspects of lexical knowledge were assessed
with two other subtests of the Woodcock-Johnson Psycho-
Educational Test Battery, the Quantitative Concepts
{WJ-QC) subtest, and the Antonyms/Synonyms (WJ-A/S)
subtest. The W]-QGC requires the student to use selected
vocabulary to solve math problems. This test emphasizes
the application of lexical knowledge rather than assess-
ment of the ability to “name” or label specific words or
pictures. The test also provides a visual referent to accom-
pany the information given by the examiner.

The students’ performance on the WJ-QC subtest is
summarized in Table 47. Although there are delays on this
measure, the hearing-impaired students’ overall level of
performance is superior to that observed on the other
vocabulary-related tests (the TO-OV and W]-PV). There
also is evidence of improvement in performance from
Groups 2 to 8 {with the exception of Group 6), and there
was a significant correlation between this measure and age
(r = .44, p < .001),

The results of the WJ-A/$S are summarized in Table 48.
Average performance on this measure was also superior to
that observed on the other vocabulary measures, with the
exception of the W]~QC. A comparison of the students’

TasLE 47. Performance on the Quantitative Concepts subtest of
the Woodcock-Johnson Psycho-Educational Test Battery (Wood-
cock & Johnson, 1977).

Age equivalent

Group Age n M SD {years)
2 7.6- 9.5 6 18.2 1.6 8.2
3 9.6-11.5 11 18.7 4.7 8.6
4 11.6-13.5 18 215 5.8 9.9
3 13.6-14.5 18 25.1 5.6 12.0
6 14.6-15.5 28 240 586 5.1
7 15.6-16.5 11 24.6 4.2 11.4
8 16.6-20.0 23 26.6 4.6 12.8

TasLE 48. Performance on the Antonyms/Synonyms subtest of
the Woodcock-Johnson Psycho-Educational Test Battery {Wood-
cock & Johnson, 1977}
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FIGURE 28. Performance on the Quantitative Concepts (WJ-QC)
and Antonyms/Synonyms (WJ]-A/S) subtests of the Woodcock—
Johnson Psycho-Educational Test Battery (Woodeock & Johnson,
1577) as a function of age. Data are plotted at the midpoint of
each age group.

performance on the WJ-QC and W]-A/S appears in Fig-
ure 28. Difference in performance on the two tests in-
creases with age, with the highest scores achieved on the
WJ-QC, except for the students in Group 6, who achieved
similar scores on both tests. Performance on the WJ-A/S
shows little improvement in performance after 13.6-15.5
years. A low, but statistically significant correlation be-
tween age and performance on the W]-A/S was found (r
= .31, p < .001).

Expressive conceptual skills were assessed with the
Analogies (WJ-AN) subtest of the Woodcock-Johnson
Psycho-Educational Test Battery. The results of the
WJ-AN subtest, in Table 49, indicate that the students are
delayed in this area relative to their hearing peers, There
is, however, some improvement in performance with age.
A small but statistically significant correlation was ob-
served between performance on the W]-AN and age (r =
27, p < .01).

TapLE 49. Performance on the Analogies subtest of the Wood-
cock-Johnson Psycho-Educational Test Battery (Woodcock &
Johnson, 1977).

Age equivalent

Age equivalent

Group Age n M SD (years) Group Age n M sD (years)
2 7.6- 9.5 7 13.3 4.0 8.2 2 7.6— 9.5 7 11.6 3.4 7.2
3 9.6-11.5 11 16.3 2.8 8.6 3 9.6-11.5 10 15.2 4.6 8.2
4 11.6-13.5 17 17.2 3.2 8.8 4 11.6-13.5 15 15.4 4.2 9.2
3 13.6-14.5 18 17.8 4.4 9.2 3 13.6-14.5 18 15.8 5.5 9.8
6 14.6-15.3 28 19.1 3.8 9.6 6 14.6-15.5 27 16.4 4.6 9.6
7 15.6-16.5 11 19.3 4.5 9.8 7 15.6-16.5 11 16.0 4.6 10.6
8 16.6-20.0 22 19.1 3.7 9.7 8 16.6-20.0 22 17.5 3.8 16.3
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Syntactic/ Morphologic Skills

Only one measure, the Grammatic Completion subtest
of the TOLD (TO-GC) (Newcomer & Hammill, 1977), was
used to assess expressive syntax/morphology. The test was
administered to the students in Groups 2-8. The results of
the TO-GC appear in Table 50. The average data for
Group 2 should be interpreted with cantion because many
of the students scored below the basal norms on this meas-
ure {(i.e., below 4 vears of age}. The performance of the
older age groups is extremely poor, with evidence of ex-
pressive syntax approaching only that of a 5-6-year-old
hearing child. There is very little change in performance
with age, a finding reflected in the nonsignificant correla-
tion between performance and age on this measure.

Additional Measures

Three groups of items were assessed on the Expressive
scale of the Reynell Developmental Language Scales
{R-ES) {Reynell, 1977). These consisted of structure {syn-
.. ©), vocabulary {lexicon), and content (expression of
meaning). The performance of the students in the two
youngest age groups is summarized in Table 51. These
data show performance expressed in terms of raw scores
and an equivalent language age for the entire test, and
they indicate that the average performance of the students
on this measure is below that of a 3V%2-vear-old-child with
normal hearing. When the data were analyzed in terms of
item category, Structure items were the easiest (M =
72.8, SD = 5.4), followed by the Vocabulary (M = 61.0,

SD = 10.8) and the content items {M = 51.8, SD =
15.9).

A summary of the Expressive items, which were taken
from the Language Assessment Tasks (LAT-E) (Kellman,
Flood, & Yoder, 1977), appear in Table 52 and Figures 29
and 30. Performance on conjunctions is low and changes
little with age. The Vecabulary items required the stu-

TasLE 50. Performance on the Grammatic Completion subtest of
the Woodcock-Johnson Psycho-Educational Test Battery (Wood-
cock & Johnson, 1977).

Age equivalent

Group Age n M SD (years)
2 7.6-9.5 6 8.7 9.5 4.9
3 9.6-11.5 5 17.8 103 6.9
4 11.6-13.5 15 13.9 9.2 5.8
5 13.6-14.5 17 16.9 9.7 6.3
6 14.6-15.5 25 15.0 9.8 6.1
7 15.6-16.5 11 12.8 9.6 5.5
8 16.6-20.0 24 15.3 9.9 6.0

Tasre 51. Performance on the Expressive scale of the Reynell
Developmental Language Scales {Reynell, 1977).

Age equivalent

Group Age n M SD (years)
1 4.5-7.5 12 39.5 9.5 3.1
2 7.6-9.5 5 42,2 3.7 3.4

TaBLE 52, % correct performance on the Expressive items of the Language Assessment Tasks
{Kellman, Floed, & Yoder, 1977) by group {with age range in years and group size given).

Group 3 Group 4 Group 5 Group 6 Group 7 Group 8
Expressive  (9.6-11.5; (11.6-13.5; (13.6-14.5; (14.6-15.5; (15.6-16.5; (16.6-20.0;

items n=6) n = 13) n = 14) n = 26) n=11) n=15)
Conjunctions

M 53.2 53.9 55.2 51.5 56.3

SD 21.6 18.3 21.5 23.6 21.8
Vocabulary

M 10.4 22.7 26.4 22,7 31.7

SD 22.1 23.6 30.5 30.5 27.5
Idioms

M 22.3 3.8 13.8 5.7 12.8

SD 20.8 7.5 24.4 8.5 16.8
Temporal Tasks

M 84.2 89.2 92.5 96.6 93.2

SD 17.7 14.4 16.3 5.5 13.7
Classification

M 86.5 78.1 79.7 72.5 83.6

SD 12.2 17.8 19.3 17.8 13.5
Class Inclusion

M 60.0 53.1 58.8 45.0 60.0

SD 30.8 30.7 27.4 25.1 2
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dents to define double function words (sweet, bright, cold,
crooked). Scores on these items were very low, even for
the older age groups. The test included six idioms which
the children were required to define: feeling blue, cool,
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Ficurk 29. Performance on the Temporal tasks, Classification,
and Class Inclusion items on the Expressive portion of the Lan-
guage Assessment Tasks (Kellman, Flood, & Yoder, 1977). Data
are plotted at the midpoint of each age group.
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FicUrg 30. Performance on the Conjunctions, Vocabulary, and
1diom items on the Expressive portion of the Language Assess-
ment Tasks (Kellman, Flood, & Yoder, 1977). Data are plotted at
the midpoint of each age group.
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spaced out, raining cats and dogs, hit the sack, and if's a
drag. Performance was very poor for all age groups, with
slightly better scores achieved by the youngest age group
than the oldest age group.

Temporal tasks required the student to (a) express vari-
ous types of temporal series (e.g., “Say the days of the
week. How many are there?” “When is Christmas?™), (b)
answer questions about temporal order {e.g., “What day
was yesterday?” “What about the day after tomorrow?”),
and {¢) answer questions about temporal duration (e.g.,
“How long do you sleep at night?” “How long is summer
vacation?”). High scores were achieved on these items by
even the youngest group tested (Group 3), with near per-
fect scores obtained by the older age groups.

The Classification tasks required the student to select
and state why one of four words was inappropriately
placed in the classification scheme (e.g., “radish, lemon,
beets, carrots: Which one doesn’'t belong?” “Why?”), The
students in Group 3 performed reasonably well on this
measure, but there was a substantial decrement in per-
formance from Group 4 to Group 7, with the average score
of Group 8 approaching that of Group 3.

The Class Inclusion tasks required the students to solve
moderately abstract classification problems {e.g., “If all the
flowers died, would there be any roses left?”) and employ
hierarchies to problem solve {e.g., “If this is a second, and
this is a minute, and this is an hour, then this would be
and this would be . etec.). The students’
performance on this type of task was poor, with only about
60% of the items correctly answered by even the oldest
age group.

Performance on the expressive portion of the LAT did
not correlate significantly with age.

Functional Communicative Skills

Evaluation of written language. Written language was
assessed using a story retell procedure. A series of car-
toons,2 shown in Figure 31, provided visual support to a
story sequence that was first told/signed by an examiner,
with many syntactic structures and a large amount of story
detail. (An example of an examiner’s story narrative ap-
pears in Appendix C.) The student was then required to
retell the story in written form. The samples were ana-
lyzed in two ways. First, each child’s written sample was
examined for the percentage of 26 possible story events in-
cluded. This condition is referred to as Written Story Re-
tell (WSRT). The results of this analysis appear in Table
53. The data show gradual improvement with age. Approx-
imately 30% of the story events were included in the writ-
ten samples of the youngest age group whereas the oldest
age group included 50% of the story events. For Groups
5-8, scores of 50% to 60% were obtained. A low but signif-
icant correlation was found between performance on the
WSRT and age (r = .33; p < .001). It is important to
point out that this procedure has not been standardized

2The cartoon sequence was developed by Malinda Eccarius,
Boys Town National Institute,
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with normal-hearing or deaf students. It is not known, for
example, at what age, if at any, a normal-hearing child
would have included the eomplete number of story
events.

Secondly, the content of the sample was evaluated with
the rating scale in Table 54. This condition is referred to as
Written Content (WC). The scale was adapted from one
employed by Levitt, McGarr, and Geflner (1985) to rate

SO

the written language of deaf children. These ratings were
performed independently by two clinicians familiar with
the language of the profoundly hearing impaired. An aver-
age of the two ratings was then assigned to each sample.
The students’ performance is expressed in terms of the
values on the rating scale (i.e., 0-100%), in Table 55.
These data show that, on the average, only the gist of the
story can be understood from the youngest students’ writ-

Ficure 31. Cartoon sequence used for the story-retell procedure.
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TaBLE 53. Performance on the Written Story Retell (WSRT)
Test.

Group n M Sp
1 - - -
2 7 30.9 18.9
3 10 39.8 25.3
4 21 38.1 24.5
1 14 59.0 18.0
6 16 49.6 23.0
7 9 57.4 24.1
8 14 50.0 22.5

TABLE 54. Rating scale for the Written Sample.

0% No output related to story

10-20% Isolated words

(10% = nouns only; 20% = nouns and verbs)

21-39% Some sentence structure; stereotypic sentence
structure; gist of the story can be understood;
only major points included

" 40-59% Sequence of story correct; evidence of more detail
and syntactic structure than in preceding category

60-79% Majority of messages understood but many syntactic
and grammatic errors; evidence of detail

80-100%  Content completely understood; evidence of original

detail; some syntactic errors present

TABLE 55. Written Content (WC) ratings.

the interpreter’s written transcription of the signed story.
These data should not be interpreted as representing an
assessment of the students’ sign abilities per se; rather,
they should be used merely to analyze the students’ ability
to retell and express story detail in sign. This approach
may not vield a representative analysis of the students’
ability to communicate with sign, but time constraints and
other practical considerations precluded a more complex
analysis.

The sign samples were analyzed in a manner similar to
that used to evaluate the written ones. That is, they were
evaluated for the percentage of story events included in
each sample by the student, which is referred to as Sign
Story Retell (SSRT). The content of each sample was rated
independently by two clinicians using the rating scale in
Table 56. The ratings, expressed as a percentage between
0 and 100%, were averaged for the two raters and an aver-
age rating was assigned to each sample.

The results of the SSRT appear in Table 57. On the
average, the performance of Group 1 was very low, and
there are substantial differences on this measure between
the younger and older students. As the average data show,
however, only about 64% of the story events were in-
cluded in the sign sample of the highest functioning group
{Group 7). Performance on the SSRT task was significantly
correlated with age (r = .45; p < .001). It should be noted
that 12 of the students with intelligible speech used oral
communication rather than signs for this and the other
sign tasks. Group means and standard deviations were re-
computed with the data from these subjects deleted. Be-

Group n M SD TaBLE 56. Rating scale for Signed Sample.
é _7 3(10 1;4 0% No output related to story
10-20% Isolated words
3 10 37.2 28.3
4 a1 41.5 29.7 {10% = nouns only; 20% = nouns and verbs}
5 14 63.1 23% 21-39% Only major points included; gist of the story can be
6 18 26-5 ggg understood
T 8 o4 ’ 40-59% Sequence of the story correct; evidence of more
8 14 55.2 30.6 h h
story detail than the preceding category
60-79% Majority of message understood; evidence of sub-
stantial detail
ten samples. The average ratings of the older students in- 80-100%  Content completely understood; evidence of ariginal

dicate that their stories contained more detail and more
complex syntactic structure than the younger students.
Performance on this measure correlated significantly with
age (r = .34; p < .001), although the degree of correlation
was low. Examples of the students’ written samples appear
in Appendix C.

Evaluation of sign sample. The story-retell procedure
also was used to elicit a signed language sample from each
student, as well as a written sample. The samples were
videotaped and later transcribed in written form by a reg-
istered interpreter of the deaf. The sign samples were
transcribed literally by the interpreter (i.e., sign-by-sign);
no attempt was made to transcribe them according to Eng-
lish rules, American Sign Language, or to analyze the sign
system used. The analyses to be described were based on
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detail

TaBLE 57. Performance on the Story Retell (SSRT) Test.

Group n M SD
1 6 21.2 14.5
2 8 44.8 22.8
3 9 48.0 23.5
4 15 44.4 17.8
5 15 33.4 15.2
6 21 56.2 19.2
7 8 54.5 22.0
8 17 57.8 12.8
No. 23 1986



cause they spanned all age groups, deletion of their data
had a small or negligible effect on the mean performance
for each age group. Therefore, only the results that in-
clude the data for all students are presented.

The results of the analysis of content in the signed mes-
sage appear in Table 58, The students’ ratings on this
measure improve from Group 2 to Group 5, after which
there is a slight decrement in performance. The perform-
ance of the younger age groups (Groups 2—4) indicate that
their sign sample included only the major events of the
story, and thus only the gist of the stoery was understood
by the receiver. The ratings of sign samples of the older
students (Groups 3-8), however, suggest that the majority
of the message was conveyed to the receiver, and that the
sample included substantial detail. A significant correla-
tion was found between performance on this measure and
age (r = 42; p < .001).

TaBLE 58. Sign Content (SC) scores.

Group n M §D
1 - - -
2 7 33.0 22.3
3 10 427 28.9
4 19 39.7 24.6
5 14 43.7 25.1
6 15 51.2 23.3
7 9 58.0 28.3
8 14 59.4 33.0

Correlations Between Measures

Partial correlations, adjusted for age and performance
1Q, were calculated for the various expressive language
measures. These data are summarized in Table 59. Signifi-
cant correlations were found between all measures, with
the exception of the correlation between the WJ-QC and

the LAT-E. Note the high correlation between Sign Story
Content (SC} and Written Story Content (WC) (.89), indi-
cating that the ability to recall and convey the story se-
guence in sign and in written form is highly related, at
least for the procedures used in this study. A high correla-
tion also was found between the WSRT and the SSRT
{.71