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ABSTRACT
Central Auditory Processing Disorders in Minority Children
YVETTE HUS PhD
CONCORDIA UNIVERSITY
1997

Central auditory processing disorders (CAPD) constitute
a neuroauditory syndrome which affects the lives of adults
and children in profound ways. CAPD is often diagnosed in
children who experience educational distress despite intact
hearing and cognitive ability. The benefit of early
diagnosis of CAPD is in the potential for implementation of
an intervention program designed to ameliorate and minimize
the negative effects of this syndrome.

Diagnostic and therapeutic instruments are almost
exclusively constructed for children for whom English is a
first language (L1). Consequently, children for whom
English is a second language (L2) who are experiencing
educational distress are excluded from the benefits of
diagnosis and intervention for CAPD since their difficulties
are usually blamed on their L2 status.

This study was designed to investigate the usefulness
of the CAPD construct in the assessment of L2 children’s
educational distress, to explore the ability of current
diagnostic instruments to distinguish those with CAPD in
both L2 and L1 children, and to determine the effect CAPD

has on those who are clinically diagnosed.
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The study included 116 children, aged 8;0-11;11, with
normal cognitive ability and peripheral hearing. Two groups
were formed on the basis of identification of their mother’s
mother tongue, and its use in the home. The two groups
differed significantly on oral language tests. The children
were investigated for CAPD and in terms of educational
distress variables.

Multiple regression analyses showed that CAPD or low
central auditory system efficiency (CASE) was significantly
correlated with low performance on oral language measures
and academic distress in the L2 group. In the Ll group low
CASE was significantly correlated with a psychosocial/
behavioural variable and with low oral language test
performance. Cluster and discriminant analyses identified
educational performance clusters in both language groups.
Low CASE was associated with clusters of children
manifesting learning problems in the L2 group, but not in
the L1 group. A multiple embedded case study profiled
children with severe CAPD and demonstrated that while CAPD
had a negative impact on the academic lives of individual
children in both language groups, the problems of the L2

children were often more severe.
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Résumé

Les troubles d’intégration auditive (TIA) constituent
un syndrome neuro-auditif qui touche la vie d‘un adulte ou
d’un enfant de maniére profonde. Le diagnostic de TIA est
souvent posé chez des enfants qui démontrent des difficultés
scolaires en dépit d’une acuité auditive normale et de
capacités cognitives normales. L‘’identification rapide d’un
TIA permet l'implantation d’un programme d’intervention
visant & remédier et & minimiser les effets négatifs de ce
syndrome. Les outils d’évaluation et d’intervention en
anglais existent a peu prés exclusivement pour les enfants
ayant cette langue pour langue maternelle (Ll1l). Par
conséquent, les enfants en difficulté scolaire qui ont
l’anglais comme langue seconde (L2) sont privés d‘’une
identification et intervention immédiates en ce qui concerne
les TIA, puisqu’on attribue le plus souvent leur difficulté
au fait d’étre confronté a une deuxiéme langue. La présente
€tude visait les buts suivants: évaluer l‘utilité du concept
de TIA lors d’une évaluation de difficulté scolaire chez les
enfants ayant l’anglais comme L2, sonder la capacité des
instruments d’évaluation courramment utilisés 2 reconnaitre
les cas de TIA parmi les enfants ayant l‘'anglais comme L1 et
comme L2, et identifier les effets du TIA chez ceux qui en

recoivent le diagnostic clinique.



L'étude portait sur 116 enfants &gés de 8;0 a 11;11
ayant tous des capacités cognitives normales et une acuité
auditive normale. Deux groupes ont été constitués en
fonction de la langue maternelle de la mere et de l’usage de
cette langue a domicile. Les deux groupes avaient une
performance significativement différente aux tests de
langage oral. Les enfants ont été évalués pour la présence
de TIA et selon des indices de difficulté scolaire. Des
analyses & régression multiple ont démontré chez les enfants
a L2 une corrélation significative entre le TIA ou une
faible efficacité du systéme auditif central et la faiblesse
langagiére et la difficulté scolaire. Chez les enfants a
L1, la faiblesse du systéme auditif démontrait une
corrélation significative avec une variable behavioro-
psychosociale et avec le niveau de langage oral. Des
analyses en grappes et des analyses discriminantes ont mis
en évidence des grappes par performance scolaire chez les
deux groupes de enfants. La faiblesse du systéme auditif
était associée aux grappes démontrant des difficultés
d’'apprentissage parmi les enfants & L2 mais pas parmi les
enfants a Ll. Une étude a cas multiples portant sur des
enfants avec TIA sévére a mis en relief l'impact négatif du
TIA sur la vie académique d’individus membres des deux
groupes; cependant, les problémes vécus par des enfants a L2

€taient souvent plus séveéres.
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PROLOGUE

Tony, a ten year old boy attending grade five in an
English school was referred to the school speech and
language pathologist by his teacher. An informal teacher
interview indicated that he was referred primarily at his
mother’s request. Further questioning showed that Tony’s
educational achievement was low. "What do you expect?" said
his teacher, "he is not very smart; you will see for
yourself".

A preliminary interview with Tony confirmed that he was
experiencing difficulty in school, and specifically that he
did not understand what he read. Tony’s mother was
interviewed as well. Routine questioning regarding speech,
language, and learning development revealed that she had
taken him to a hospital speech and language clinic when he
was younger because she felt there was a problem. She was
told, "He has problems because he is trilingual: we speak
Italian, French, and English at home". The advice she was
given was to use only English with Tony because that was his
school language. However, Tony'’'s mother, who shared this
trilingual history, spoke impeccable English and reported no
academic distress throughout her own school years.

During twenty years of practice in speech and language

pathology in an educational setting in which the majority of



the student population, and indeed the teacher population,
is composed of minority language (L2) speakers, the above
scenario (with some variations) has been repeated many
times. Often, when a language deficit is diagnosed by a
speech-lanquage pathologist, the teacher exclaims: "...But
he is Italian! What do you expect?" Poor language skills
and low academic achievement seem acceptable, almost
‘natural’, in referring to L2 students. Parents often
report that their concerns about their children’s
communication skills and learning problems were explained
away by pediatricians, speech-language pathologists,
psychologists, and teachers, as the ‘inevitable’ result of
multilingual exposure, and that they were advised to
discontinue using their home language with the affected
child, and focus on the school language only.

The present study is born out of a concern that L2
children’s failure to thrive academically is mainly seen as
resulting from their minority language status, or from
limited ccgnitive ability. While these explanations may
account for difficulties experienced by some children, they
cannot underlie all minority children’s problems. As in
majority language (Ll) children, other causes may be
operating, and therefore require investigation. 1In this
study, L2 and L1l children from the same school system were
assessed using audiology and speech-language pathology

protocols and instruments. These were used to investigate



areas that, in previous research, have been found to

underlie academic underachievement in L1 children.



CHAPTER 1

SETTING THE STAGE

1.1 Introduction

Teachers’, administrators’, and professionals’ attempts
to explain L2 students’ low academic achievement often
reflect three major views: (1) bilingualism is responsible
for weakness in an individual’s cognitive ability, (2)
having to use a second language in acquiring knowledge
hampers academic achievement, and (3) minority group status
results in social and cultural deprivation. Although these
views may appear unrelated, they have a common base in that
they stem from the dominant language group’s mainly negative
view of minority langquage and minority group membership.

The underlying assumption in the first view is that
bilingualism probably results in an inherent limited
learning capacity. The second view suggests that somehow,
education via a second language leaves children confused and
predisposes them to academic failure. In many contexts, a
minority language has been associated with economic
disadvantages. This leads to the third view, and academic
expectations for a minority language child that are often
lower than for a dominant language student.

Theory and research in the last decade show that the
development of basic skills which underlie reading ability

begins quite early (Schuele & van Kleeck, 1987). Reading



ability is now accepted as having a language base, rather
than mainly a visual-perceptual base. Smith (1978, 1983)
believes that non-visual information is the basis for
bringing meaning to print. This information consists of the
following: knowledge of language, knowledge of subject
matter, and knowledge of how to read. This non-~visual
information allows for prediction, an important ability in
the decoding process. Prediction allows for fluent and
meaningful reading. It follows, therefore, that the less
non-visual information is available, the more reliance on
visual information is required and the harder it is to read.
Others have shown that reading is an interactive process
whereby both basic cognitive mechanisms and higher order
cognitive processes interact and influence each other to
produce fluent and effective reading in both monolingual and
bilingual readers (Segalowitz, 1986, Segalowitz & Hébert,
1990).

Oral language skills form the foundation for
transference to written language: "Language is more than a
powerful tool for communication...it is an essential tool
for reasoning and ...learning" (Lyngass, Nyberg, Hoekenga, &
Gruenewald, 1983, p. 242). Therefore deficits in langquage
may lead to difficulties in learning (Magnusson & Naucler,
1987). For example, speech production or speech perception
problems may lead to difficulties in word-decoding; word

finding difficulties may lead to problems with comprehension



of decoded words; syntactic problems can lead to
difficulties in comprehension of written sentences; oral
discourse comprehension problems may lead to difficulty in
understanding written stories or long passages (Menyuk &
Flood, 1987). It is therefore recognized that achievement
in reading demands the application of one’s language
knowledge (Butler, 1987; Cornett & Chabou, 1986; Keith,
1985; Sawyer & Lipa, 1981; Schuele & van Kleeck, 1987).

Language knowledge in the preliterate, according to
Schuele and van Kleeck (1987), comprises: oral language
comprehension, oral language expression, and metalinguistic
ability. They define the latter as ‘ability to focus on
language as an object of thought’, and believe this ability
to be the precursor to reading. They specify the following
metalinguistic skills in normal language development:

1. word consciousness: the ability to separate the word from
its meaning, 2. grammatical awareness: the idea that single
units make up language and that the combinations of these
units are rule governed, and 3. phonological awareness: the
ability to segment spoken words into phonological units and
synthesize these into a meaningful word.

Studies of language disordered children show that
language deficits profoundly influence the child’'s
educational achievement (Aram & Nation, 1980; Magnusson &
Naucler, 1987; Sawyer & Lipa, 1981; Wiig & Semel, 1980;

Wolf-Nelson, 1981). Children who exhibit oral language



difficulties as preschoolers later show academic
difficulties. Bashir, Kuban, Kleinman, and Scavuzzo (1983),
identified the following behaviors in language impaired
preschoolers: They exhibited comprehension and production
problems of syntax and morphology, limited vocabulary, and
word-finding problems; they had difficulty organizing
language to tell or retell a story; they exhibited
conversational skill problems; and they showed phonological
disorders often accompanied by ‘verbal apraxia’ (difficulty
with voluntary sequencing of oral movements).

The learning disabled exhibit specific types of
language problems: deficits in word knowledge, deficits in
word and sentence formation, deficits in word-finding, and
deficits in interpreting complex relationships expressed in
language (Wiig & Semel, 1980). Many learning or reading
disabled also exhibit deficits in higher level language
forms such as narrative discourse and figurative language
(Kamhi & Catts, 1986). Also, research has shown that they
recall less information from stories than their achieving
peers, and that their ability in story comprehension and
spontaneous story production is inferior as well (Roth &
Spekman, 1986).

The above research suggests that language and academic
learning are interdependent. This relationship was
recognized in 1981 by the American National Joint Committee

on Learning Disabilities in a definition of learning



disabilities. The American Speech-language and Hearing

Association (ASHA, 1990) endorsed this definition fully:
Learning Disabilities is a generic term that
refers to a heterogeneous group of disorders
manifested by significant difficulties in the
acquisition and use of listening, speaking,
reading, writing, reasoning, or mathematical
abilities. These disorders are intrinsic to the

individual and presumed to be due to Central
Nervous System dysfunction.

Even though a learning disability may occur
concomitantly with other handicapping conditions
(for example: sensory impairment, mental
retardation, social and emotional disturbance) or
environmental influences (for example: cultural
differences, insufficient/ inappropriate

instruction, psychogenic factors), it is not the
direct result of those conditions or influences

(p.2).

With regard to language acquisition in particular,
researchers have attempted to identify and distinguish the
variables operating in the process in order to understand
language acquisition problems. The crucial variables
identified and proposed as playing an important role in
language acquisition difficulties are: problems in
processing rapidly changing auditory information, symbolic
representation, hypothesis-testing, and inferencing
abilities (Kamhi & Catts, 1986; Merritt & Liles, 1987).

Language development includes: content, the semantic
aspect; function, the pragmatic aspect; and Sstructure, the
morphological-syntactic aspects (Bléom & Lahey, 1978). For
normal language development to occur, auditory messages must
be adequately received and processed. In order for this to

happen, there must be an intact sensory end organ and an
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adequately functioning neurological system, that is, a
healthy ear and central processing mechanism (Rampp, 1981).
When either the ear or the central processor is impaired,
language development may be delayed or disordered (Musiek,
Gollegly, & Ross, 1985; Rampp, 1981; Sloan, 1986; Willeford
& Burleigh, 1985).

The deleterious effects of a permanent hearing loss on
the development of speech, language, learning (Ling, 1975,
1976), and socialization (Hus, 1979) are well documented.
Research also suggests that fluctuating hearing losses due
to otitis media (infections of the middle ear cavity) also
affect normal development of auditory processing, language,
and academic performance (Gottlieb, Zinkus, & Thompson,
1979, as cited in Zinkus, 1986). However, some children
with no evidence of damage to the ear appear to have
problems in processing what they hear. According to
Willeford and Burleigh (1985) large numbers of children
exhibit central auditory processing disorders (CAPD) and
normal peripheral hearing. Approximately seventy percent of
school age children with language-learning disabilities have
some type of auditory (but not necessarily "hearing")
impairment (Hoshko & Hus, 1987). In an apparently normal
population, Pimsleur, Sundland, and McIntyre, (1966) found
that twenty to thirty percent of children who underachieved
in foreign lanquage learning exhibited poor auditory

abilities despite normal learning aptitudes as demonstrated



by their achievement in English, math, history, and science.

Typically, children with a CAPD appear to be poor
listeners, have short attention span, are underachievers
(that is, perform below the level predicted by their
cognitive ability), have difficulties in following
directions, have poor auditory memories, poor language
skills, and exhibit learning problems. Research indicates
that a CAPD can lead to difficulties in three basic areas:
language development, learning development, and psycho-
social development. Interaction between these areas may
account for CAPD symptom clusters.

Some CAPD children may manifest an oral language
deficit. For example, they exhibit delays in comprehension
and production, and in the syntactic, semantic,
phonological, and pragmatic aspects of oral communication.
Other children manifest a learning problem in reading
(encoding, decoding, and comprehension) and in writing
(orthography, sentence construction, compositions, and
ideation). These two subgroups, however, are not mutually
exclusive, and their difference may represent two sides of
the same coin rather than a difference in kind.

There are CAPD children who manifest difficulties in
all areas, and the severity levels may range from serious to
mild. Kamhi and Catts (1986) found that language-learning
disabled children show evidence of difficulties in the

following: (1) encoding phonological information in long-
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term memory, (2) retrieving phonological information from
long-term memory, (3) using phonological codes in working
memory, (4) segmenting speech into phonemic and syllabic
units, (5) processing rapid speech, and (6) understanding
speech in noisy environments.

Although the precise interactions and functioning of
the auditory pathways that lead to speech perception are
still not completely clear, what is clear is that a CAPD is
like a two-edged sword: It interferes with language-learning
development, and this in turn interferes with auditory
processing. This latter consequence may be explained by the
same mechanism proposed by Smith (1978) in his theory of
acquisition of reading fluency, namely prediction. Wwhen
language skills are intact, ambiguous auditory signals may
be processed by prediction: knowledge of the context,
content, and of the linguistic features permit the
deciphering and interpreting of the acoustic signal.

A CAPD not only interferes with first language
acquisition, but often disrupts second language acquisition
(Pimsleur, Sundland, & McIntyre, 1966; Willeford & Burleigh,
1985). Researchers note that many groups of minority
language students have been found to experience severe
academic difficulties (see e.g., McKeon, 1994). Cummins
(1984) points out that significant numbers are referred for
psychological and educational testing. Interestingly, CAPD

testing is rare for these students, whereas it is quite

11



common in investigations of L1 students who are experiencing
academic problems.

Researchers agree that language delayed children
represent a heterogeneous group in both etiology and the
pattern of the language impairment exhibited (Bashir, et
al., 1983; Miller, 1983). However, minority language
children’s difficulties in language acquisition and
subsequent learning difficulties are often explained by the
very fact of their L2 status itself or by factors such as
social and cultural deprivation or socio-economic status,
native language interference, dialect, and so on. 1In
research, minority language children are often treated as a
homogeneous group, and indeed individual variables such as
auditory processing skills are neglected.

An assumption underlying this study is that learning
difficulties in the L2 child cannot always be accounted for
by social variables. Nor is it the case that their problems
are always due to the fact that the school language is their
second language. Each child is a unique learner with unique
talents and needs. The learnability of language is a given,
and when access to a language is unhindered the child is
expected to acquire it with relative ease (Pinker, 1994).
When L1 children exhibit academic distress, an investigation
that includes internal learner variables is often initiated.
The children can then benefit from a thorough assessment

followed by an intervention plan which will assist in
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remediation. Minority language children may be excluded
from such an option when mainstream professionals
automatically attribute their problems to limitations of
education via a second language, cognitive weakness due to
bilingualism, or societal variables. This practice, in
essence, constitutes a form of neglect of the minority
child’s needs which, in principle, should be assumed to be

similar to those of the dominant language child.

1.2 Research Review

The research review in Chapter 2 is divided into three
major sections. The first section contains a review of
research on academic failure in minority group children.

The search for causes for these children’s social,
cognitive, and academic failure is based on an assumption of
homogeneity, and is reflected by the predominance of group
studies. Grosjean’s (1985) concept of the bilingual as a
specific listener-speaker may better serve these children
and families, and in turn the larger community. Wwong-
Fillmore’s study (1976) of second language acquisition (SLA)
in a group of children demonstrated that strategies and
knowledge employed in first language acquisition (FLA)
continue to be employed ’‘the second time around’. However,
as Wong-Fillmore notes ‘the path in language learning may be

similar’, but the style, rate, and success in the learning
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process underscores the importance of individual
variability.

In the second section, the complexity of the auditory
nervous system and the process of speech perception are
reviewed. The lack of an adequate theoretical model that
can account for how a word is recognized from an acoustic
wave form and the role of psycholinguistic knowledge in the
recognition process is felt to have contributed to the delay
in agreement on a definition of CAPD, and consequently on
establishing a cause for CAPD. However, an operational
definition may well serve in the identification and
assessment of children. It is suggested that Feuerstein’s
(1979) model for information processing may be applied in
further explaining individual variability in the CAPD
population. Because CAPD is believed to underlie
communication problems and academic distress in a relatively
large population of L1 children, CAPD assessment is now
almost routinely performed (Cherry, 1992; Willeford &
Burleigh, 1985). Since L2 children are often excluded from
this process, they cannot benefit from early identification
and intervention.

In the third section, the review covers the
audiological investigations for CAPD and the minority child.
Although tests are meant to assess the efficiency of the
auditory system by subjecting the system to stress, most

tests use linguistic stimuli (digits, words, and sentences)
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in this process. Consequently, results are subject to
influence from linguistic factors. Because audiology tests
used in the USA and Canada are mainly standardized on
English L1 children, CAPD assessment of minority children is
often discouraged on the grounds that the norms may be
inappropriate.

The importance of CAPD assessment is in planning a
remediation program for the child so that synchrony with the
social environment can be restored, and school achievement
improved. Feuerstein’s (1980) ‘mediated learning-’ approach,
meant to remediate information processing deficits, is
suggested as appropriate for CAPD children. CAPD is
accepted as intrinsic to auditory system deficits and
underlying any language system, therefore, it is just as
likely to occur in an L2 as in an L1 child. This concept
constitutes the rationale for the present study. The last
section of the review expands on this rationale, and poses

the research questions.

1.3 Research Design
In Chapter 3 the design of the present study is

outlined. The procedures for recruiting, screening, and
selecting participants are described. The instruments for
data collection are presented, including speech-language

protocols and audiology instruments as well as
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questionnaires and school records. Statistical procedures

are briefly previewed.

1.4 Results, Case studies, & Discussion

The findings from each of the assessment procedures are
reported in terms of the research questions. Both
descriptive and inferential statistics are presented in
tables and figures. The findings confirm some group
differences between L1 and L2 children and indicate some
very dramatic individual differences which are further

treated in Chapter 5.

Case studies

In Chapter 5 a multiple case study examines two L1 and
two L2 groups of children. Performance on the audiology
instruments was used for the selection of the groups. Those
on the extreme ends of the audiology performance continuum
were compared. Performance profiles as well as personal
histories were remarkably different between the groups
within each language sample as well as between language

samples.

Discussion
The findings of this study are discussed in Chapter 6.
L2 children form a majority in many classrooms on this

continent and in industrialized countries across the ocean.
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The findings in this study illustrate that for many second
generation L2 children SLA is an ongoing process despite
middle SES. The importance of comparing L2 children to
language peers rather than L1 children is demonstrated. The
point that educational distress is not a unitary phenomenon
that can be explained by L2 status nor by a limited
cognitive capacity is emphasized. The ability of test
instruments normed on L1l groups to uncover problems in L2

children is discussed as well.

1.5 Conclusions & Epilogue

The major conclusions are summarized in Chapter 7. The
relationship between central auditory system efficiency
(CASE) and educational performance in both L2 and L1
children is highlighted. The point that classroom listening
conditions penalize L2 children with weak CASE is
emphasized. L2 children continue to be misunderstood by
their educational settings and professionals in general.

The epilogue emphasizes the point that the use of mother
tongue in the home is not the cause for speech, language,
and learning distress, and that the elimination of mother

tongue from the child’s life is not a desirable intervention

strategy.
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CHAPTER 2
THEMES AND ISSUES

2.1 Minority Langquage Children and School Achievement

A review of the literature on academic achievement in
L2 children reveals an attitude that is best described by
Frender and Lambert (1972):

Children from lower social classes, or from

minority group backgrounds typically achieve less

well in school than their middle class

peers...Because opportunities to share in many of

the benefits and enrichments of modern society are

increasingly dependent upon achievement in school,

the futures of these children are comparatively

unpromising (p.237).

This grim prediction was based on the above authors’
extensive research review. For a variety of reasons social
class and minority group status are often related to
academic failure and subsequent economic underachievement, a
reality which has not substantially changed in the nearly 25
years since the Frender and Lambert review (Bourne, 1989;
Cummins, 1994; Martin-Jones, 1989; McKeon, 1994). However,
a review of the literature on childhood bilingualism reveals
the existence of attitudinal biases in some research
methodology and consequently in research findings and
recommendations arising from these, even when under the
guise of benevolent concern for the children whose future is
uncertain.

Minority language children is a term that can refer to

(1) native born children from minority groups whose parents’
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native language is not the mother tongue of the majority
group (Handscombe, 1989; Mclaughlin, 1985), or (2) immigrant
children who learn the dominant language as a second
language (Cummins, 1984). Although at first glance these
definitions seem clear cut, they represent the complexity
inherent in the task of defining the relationship between
the dominant language and so-called minority groups.

In short, the term minority language children does not
in itself describe a unitary phenomenon or population.
Similarly, the term ’‘minority group’ children, as cited by
Frender and Lambert, seems to refer to a unitary condition
which practically guarantees poor academic achievement. And
yet, many adults from diverse minority groups are living
testament that immigration during childhood does not in
itself lead to an 'unpromising future’.

What, then, is the population that is alluded to in the
Frender & Lambert quotation? Does bilingualism in North
America set the stage for failure? What are the conditions
that result in academic success versus academic failure for
this population, and are these conditions different from
those that operate in an L1 population? These are only some
of the gquestions that require clarification when one
examines the perplexing relationship between school
achievement and bilingualism.

Although more than 30 million Americans come from homes

where English is a second language (Mclaughlin, 1984), the
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view that most Americans (and indeed the world) hold is that
the U.S. is a monolithic linguistic entity (Homel & Palij,
1987). As Good-Erickson (1985) points out: "...the large
number of individuals who speak languages other than
English...is... enough to show that the United States is
more a ’‘salad bowl’ than a 'melting pot’." (p.2). However,
the educational institutions and their explicit and implicit
goals largely ignore this reality in their treatment of
children from non-standard English and minority language
homes. Westby and Rouse (1985) suggest that educators
practice "...an unconscious form of cultural imperialism
which they impose indiscriminately on others..." (p.15).

The picture in Canada parallels the one found in the
United States. Even though Canada describes itself as a
cultural and linguistic ‘mosaic’, many second generation
minority group children and children of Canada’s native
people do not have a functional knowledge of their mother
tongue. Members of ‘ethnic groups’ (non-Native, non-French,
and non-English, as defined by McAndrew, 1987), according to
the 1986 Census (Statistics Canada document 94-110),
constitute approximately 42% of the total population of more
than 25 million, with almost seven million listing multiple
origins.

Cummins points out that educational institutions have
traditionally assumed that minority language children need

as much exposure to English as possible in order to
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‘overcome’ their bilingual 'handicap‘ (1984, P-5). As Haugen
stated in 1970: “"The term ‘bilingual’ has come to be a
euphemism for a lingquistically handicapped person..." and a
"bilingual child’ often refers to "...a child who has not
learned enough English in the home to profit adequately from
English teaching in the school" (in Alatis, 1970, p.40).
This attitude has not changed greatly in two decades (see

Cummins, 1988; saville-Troike, 1992).

The search for causes for academic underachievement.

Minority group and minority language children are over-
represented in special education classes, in both the United
States and Canada (Gamlin, 1989; Good-Erickson, 1985;
Cummins, 1984; Genesee, 1994; Cloud, 1994). various
government and educational institutions, as well as
professionals from various concerned disciplines, have
investigated the possible causes of this disproportionate
representation.

The resulting research, both in North America and
abroad, represents basically a search for either learner
(internal) factors, or societal (external) factors
responsible for academic underachievement. Therefore,
language proficiency and cognitive variables are presented
as possible candidates for the cause on the one hand, and
sociolinguistic and socio-economic variables are emphasized

as the culprits on the other hand.
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A major study connecting bilingual children with
academic underachievement is that by Skutnabb-Kangas and
Toukomaa (as cited in Skutnabb-Kangas, 1981). This research
investigated Finnish immigrant children’s performance on
Finnish and Swedish tests requiring cognitive operations.
The children were rated by their parents and teachers as
fluent in Swedish. The results indicated that their
linguistic skills did not encompass cognitive/academic
language proficiency aspects despite their seeming fluency
in both Finnish and Swedish. (p.1l1).

These researchers used the term ’‘semilingualism’
(coined by Hansegard, 1962, cited in Skutnabb-Kangaas, 1981)
to describe the children’s lack of adequate knowledge of
either language. They believed that semilingualism affects
cognitive functioning such as the ability to understand the
meaning of abstract concepts, semantic development, and the
general ability to cope with highly decontextualized
language. The researchers promoted an educational program
via the children’s mother-tongue before the second language
is introduced because they have found that such programs
help students develop academic skills and even linguistic
skills in the majority language. However, the study
highlights the difficulties inherent in the assessment of
minority children, using mainly tools and knowledge gained
from research on majority language subjects. Skutnabb-

Kangas (1981) noted that the term "...semilingualism has
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become a dirty word in the Scandinavian debate" (p.248), but
she maintained that although the term has outlived its
usefulness, the phenomenon behind it lives on, as a direct
result of deficiencies in the educational system rather than
in the minority children.

Ekstrand (as cited in McLaughlin, 1985, p.34) denounced
the use of the term semilingual on the grounds that it
serves to malign and cause further discrimination against
immigrant children. His fear was not unfounded. 1In 1982, a
Montreal newspaper reporter, using Skutnabb-Kangas and
Toukomaa’s research conclusions and the infamous term
‘semilingualism’ wrote: "Kids whose parents speak a minority
language at home do not achieve the same standards as other
kids at school...they can be called semilinguals...they
won’t speak or write or understand Italian, for example,
like a native of Italy, and they won’t have a command of
French like a Francophone, or English like an Anglophone”
(Zosky, 1982, p.8-10). This statement manages to connect
solidly the idea that the use of a minority language puts a
low ceiling on the development of linguistic abilities, and
by implicafion, academic abilities. For those already
convinced, a blanket statement such as this can serve as
‘proof’ that these children are only ‘semicapable’ compared
to majority children.

The Skutnabb-Kangas and Toukomaa research was found to

have both methodological and theoretical flaws (McLaughlin,
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1985). Nonetheless, inadvertently, it facilitated the
viewing of intelligence and language proficiency as one and
the same, and thereby confirmed for those who already held a
negative view of bilingualism or minority status, that these
lead to some sort of internal deficiency which in turn
causes permanent disadvantage.

Tsushima and Hogan (1974) studied the verbal abilities
and school achievement of bilingual children on American
army bases in Japan. A child whose mother was born and
raised in Japan and whose father was reared in the United
States was defined as bilingual. These children’s
performance was compared to that of monolingual (English)
peers. The researchers found that there was no significant
difference between these groups up to grade three, but
beyond this level the monolinguals outperformed the
bilinquals in school achievement and verbal abilities tests.

They concluded that bilingualism is associated with
impairment in certain types of verbal functioning and
academic learning. They took care to note that the mothers
of these children were also bilingual but failed to specify
the extent of their or their children‘’s bilingualism. This
factor may be crucial in the children’s SLA process since
the mothers may not have had the linguistic or socio-
cultural background to assist them in this educational
context (Wong-Fillmore, 1992). Also, Tsushima and Hogan

did not point out that although these children were half
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Japanese, all their education was delivered by non-Japanese,
American English teachers, on an American military base, in
a school modeled on a typical ‘all American’ curriculum,
constructed by mainstream American pedagogues.

Had the researchers addressed this point, they might
have concluded that the bilingual children’s life-
experiences, cultural, and linguistic knowledge were ignored
in the educational and assessment process. As a result, any
pedagogical, cognitive, and verbal abilities tests were
inevitably biased, and therefore could not reflect the
children’s true abilities (Feuerstein, 1979). Yet this
study as well connects bilingualism with inevitable academic
underachievement.

In a review of research of bilingualism and
intelligence, Darcy (1963) reports the following conclusion:

Though English is used as the medium of

instruction in the New York city schools, the

Puerto Rican communities retain Spanish as their

principal language and, as a result, many Puerto

Rican children have an inadequate knowledge of

both languages (p.262).

Clearly bilingualism has been viewed as producing a
condition of insufficiency. Maintaining a mother tongue was
felt to cause problems in learning a second language and in
learning in general. The poor performance of L2 children in
school achievement and intelligence measures was directly
attributed to bilingualism. Katchan (1986), in a review of
research on the relationship of childhood bilingualism and
cognitive development, explains that the preoccupation of
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proving bilingualism a ’friend or foe’ stems from the belief
that bilinguals are functioning under a handicap since they
must divide their limited capacity between two languages.

In the summer of 1995, a court judge in Texas, in a
child-custody case, ordered a Hispanic mother to stop
speaking Spanish to her five-year-old, and stated that
depriving the child of English constitutes a form of abuse
(Verhovek, 1995). Evidently, negative attitudes to mother
tongue maintenance, and the view of bilingualism as a ‘foe’,
are quite prevalent more than thirty vears after Darcy’s
research review.

However, as Darcy pointed out, when monolingual and
bilingual groups are matched on socio-economic-status, the
significant differences between the groups disappear when
non-verbal scores are compared. As well, when reading
facility is achieved in the second language, differences on
verbal intelligence tests between the two groups also
diminish.

As a result of studies which pointed out a relationship
between bilingualism and poor performance on intelligence
tests, many minority group and minority language children
came to be viewed by mainstream society as inherently less
‘intelligent’ than their monolingual majority group
counterparts. As Gamlin (1989), says, "Static notions of
intelligence are largely responsible for a plethora of

racist attitudes" (p.14). He points out that the use of
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standard intelligence tests reflects a belief that they
measure ‘true ability’ or academic potential which is
resistant to change, and that "this has had disastrous
consequences for minority groups, in particular" (p.l14).

Bernstein (1995), in his sardonic response to
Herrnstein and Murray’s (1994) The Bell Curve, a book
connecting IQ levels with race, points out that "All tests
measure something...IQ tests measure something. The problem
is what to call it." His essay underlines the point that
research that connects the ’it’ as measured by a quotient or
‘size’ with a permanent innate academic ability is as valid
as connecting ‘it’ with hat size (For an extensive critique
of intelligence testing, see Gould, 1996).

In light of the many studies that insist on such
connections, it is hardly surprising that educators hasten
to refer minority children for psychological assessment or
that psychologists often recommend special education
placement (De Avila, 1987; Cummins, 1984,). De Avila (1987)
questioned the theories and methodologies that underlie
studies which equate bilinqualism with low IQ, and
consequent low academic achievement. Plainly, there has
been no agreed upon definition of bilingualism. The term
was often confounded with minority group membership, and as
a result the subjects were often grouped on basis of
ethnicity. He points out that in a review conducted with

Duncan (1980) of approximately 100 studies on the effects of
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bilingualism and cognitive style on Spanish language
background children, few studies controlled for language
proficiency in either Spanish or English, or for non-verbal
IQ0. The reported differences, he believes, cannot be
considered valid.

De Avila notes that a longitudinal study he conducted
with Duncan and Ulibarri (1982) of 1200 children from six
ethnolinguistic backgrounds, showed that linguistic
proficiency accounted for more than 70% of the total
variance in predicting school achievement for the
bilinguals. However, cognitive style and IQ development
were the salient variables among monolingual English
students’ school performance.

The 1968 Bilingual Education Act in the United States
was meant to compensate for lingquistic deficiencies.
Educators held that if English were taught as a second
language (ESL), academic performance would improve. As a
result education in the early years was delivered via
children’s mother tongue, mainly Spanish, and an ESL
program. De Avila noted that studies of the ESL programs
found that teachers tended to foster rote memory and use
simple logic when interacting with minority group children.
The simplified logic was evident in the modified speech
style they tended to use with their students. He concluded
that minority children’s educational curriculum consisted

mainly of paired associate or rote learning and recall of

28



factual information. Consequently, concept formation and
complex information processing were not nurtured.

De Avila (1987) reports that in a study with bilinqual
elementary students, with varied linguistic proficiency in
both English and Spanish, a bilingual supplemental academic
program emphasizing science and math activities which
required cognitive operations and problem solving was
implemented. The performance of the treatment group was
compared to non-treatment peers from the same schools. The
results demonstrated that access to education that fosters
complex concept formation results in higher academic,
linguistic, and cognitive achievement.

De Avila concluded that education in a traditional
classroom which emphasizes linguistic proficiency but
neglects intellectual development is not sufficient for
academic achievement. His research showed that changes in
educational content and goals can produce positive changes
in minority language children. De Avila’s studies succeeded
in demonstrating that educators’ and professionals’ biases
have profound effects not only on school performance, but
more significantly, in shaping the minority child’s
intellect.

Although the Tsushima and Hogan, and Skutnabb-Kangas
and Toukomaa studies demonstrate negative effects of
bilingualism in children, and De Avila focused on disproving

these, many Canadian studies have concluded that there are
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positive consequences of bilingualism. Peal and Lambert
(1962) showed that bilingual, French-dominant 10 year old
students outperformed their monolingual French peers on IQ
tests and academic achievement. This study has been
criticized on the basis that the subjects, although matched
on socio-economic-status, were not matched on nonverbal IQ
(Tsushima & Hogan, 1974).

Lambert and Tucker (1972) were asked to evaluate an
English-language children’s early French immersion
educational program initiated by a group of parents from the
community of St.Lambert, Quebec. English language children
were taught via French throughout their elementary years.
Reports of positive results from this program have had a
profound impact on the direction of education in Canada for
English language students. Many versions of immersion
programs have been implemented across Canada and with mainly
positive results (Barik & Swain, 1976; Genesee, 1976;
Harley, Hart, & Lapkin, 1986; Samuels, Reynolds, & Lambert,
1969). It was found that even language impaired children
benefited from a French immersion educational placement, and
those who were transferred early out of the immersion
program, retained their second langquage skills when tested a
year later (Bruck, 1982, 1985).

These studies raise the question of why these children
benefit from education via a second language whereas the

children reported previously were said to suffer from
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education via a second language. McLaughlin (1985) suggests
that Lambert’s (1977, 1981) distinction between
'subtractive’ and ’additive’ bilingualism can account for
these differences. According to Lambert (1977) subtractive
bilingualism refers to a condition "...whereby an
ethnolinguistic minority group loses its home language in
acquiring a prestigious national or international language,
and ’'additive’ bilingualism, whereby members of a high
prestige linguistic community acquire the second language
without jeopardizing the home language." (p.101-102).
Obviously, the minority language children’s situation can
often be described as "subtractive bilingualism" whereas
that of the majority language children in immersion programs
can best be described as "additive bilingualism”.

McLaughlin (1985) differentiates between "submersion"
and "immersion" conditions. Immersion programs are
constructed for linguistic majorities of middle class status
families characterized by high motivation and involvement.
Submersion situations largely involve linguistic minorities
from low status families with mainly low motivation and low
parental involvement. The low parental participation, notes
McLaughlin, resulted from the educational institutions’
neglect in ensuring that parents play a role in the
development and implementation of bilingual programs in

their communities (p. 139).
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According to Feuerstein (1979), low parental
involvement, regardless of socio-economic-status, often
results in insufficient quantity and quality of mediated
learning experiences for the child, and as a result, a kind
of deprivation is produced that hampers the child’s
interaction with the environment and prevents or disturbs
"...the development of hierarchically higher forms of
cognition" (p.72). The above underline the need to take
into account ecological factors when evaluating children’s
abilities (Thurman, 1985).

Wong-Fillmore’s hypothesis (1991) that early L1 loss in
minority group children contributes to the erosion and
possible severance of the vital communication line between
parents and children may very well explain the difference in
quantity and gquality of parental involvement between the
majority middle SES and minority low SES groups. Many
minority group parents, and specifically refugees and
immigrants, cannot effectively communicate with and transmit
their culture and value system to their children because
they literally lack a common language. The children’s L1
skills are inadequate for effective communication while the
parents’ L2 skills are often severely limited. As a result,
notes Wong-Fillmore, the parental role is thwarted, the
parents can no longer be the main socialization agents for
the children. Alienation and even destruction of the family

may occur.
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In the 1970’s many studies focused on ecological or
environmental variables for minority children’s academic
underachievement. Poverty was found to be the major cause
for failure (Entwisle, 1970). Educational settings,
teachers’ and researchers’ attitudes, and societal
expectations are all variables which were found to influence
the minority child’s academic process, including performance
on tests (Cazden, 1970; Osborn, 1970; John & Horner, 1970).
Studies on superficial attributes such as speech style of
children from poverty sticken families, for example,
revealed educators’ negative biases regarding minority
children’s aptitudes and personalities (Edwards, 1879;
Seligman, Tucker, & Lambert, 1970).

However, in Frender and Lambert’s (1972) study of grade
4 minority language (mainly Italian) boys in Montreal, their
hypothesis that teachers were negatively biased toward
children with a ’'foreign’ speech style was not supported.
The teachers were ‘positively’ biased, rating these children
higher than their actual achievement on standardized tests.
Frender and Lambert were at a loss to explain their finding.
The researchers’ application of the American or British
experience to a Montreal educational setting did not produce
the expected research results. In contrast to other
studies, where the teachers represented mainly majority
group and majority language membership, many of the CECM (La

Commission des Ecoles Catholiques de Montréal, formerly
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known as the Montreal Catholic School Commission) English
sector teachers, themselves CECM graduates, share group
membership with their students. 1In this case, teachers who
shared an educational experience, a culture, and a religious
affiliation with their charges were not negatively
influenced by such variables.

Frender and Lambert (1972) noted low academic
achievement in the Italian children, and they explained it
by using low oral linguistic proficiency as the underlying
variable. They used a passage reading task to acquire a
voice sample, and they noted that the students exhibited
difficulties in reading. They attributed the boys'’ academic
underachievement to oral language proficiency.

In hindsight, the students’ reading difficulties should
perhaps have received more attention. Another possible
explanation for Frender and Lambert’s findings is that these
L2 children, a classroom majority in this study, may have
exhibited oral language proficiency levels that were shaped
by the nonstandard input from their L2 peers’ variety of
English. Consequently, as in the situation described by
Wong-Fillmore (1992), the children may have developed an
"ethnic" version of English that, when measured against
norms developed in other environments, appears as low oral
language skills. For example, a language screening study
(Hoshko & Hus, 1984) of L2 Canadian elementary school

children using a language test normed mainly on American

34



English speaking children, showed a one-to-three year lag on
most subtests, and while the lag decreased slightly with
age, no age group ever met the established test norms.

The studies reviewed thus far focused on exposing
either external or internal factors underlying the
underachievement often reported in L2 children’s academic
histories. However, all children, whether unilingqual or
multilingual, whether originating in a minority or a
majority group, are products of the interactions between
their internal make-up and external ecologies and histories.
Each child, therefore, is a unique and whole individual, and
as such, is best viewed from an integrative or a holistic

approach.

The bilingual as_an_individual learner with specific

competencies.

Studies reviewed demonstrate that the assumption of
homogeneity, and the search for a unitary cause, whether
‘internal’ or ‘external’, for low academic achievement, in
minority group and minority language children, leave many
observations unexplained. They also show that application
of assessment instruments, largely standardized on majority
group children, that purport to measure learning potential
(IQ for example), are often used to show an inherent lack of

that potential in the minority language child.
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Second language acquisition (SLA), whether by adult or
child, shows similarities to first language acquisition
(FLA) (Ervin-Tripp, 1974; Lightbown, 1977; McLaughlin, 1984;
Stevens, 1984; White,1989). Strategies used, and knowledge
acquired the first time around are put to use ‘the second
time around’ (Wong-Fillmore, 1976). However, the use of the
same underlying neurological mechanisms (Kinsbourne, 1981,
p.227), and the same cognitive operations (Slobin, 1973;
Stevens, 1984) do not in themselves guarantee a uniform
acquisition process for all learners of a specific language.
The unique ‘history of the learners’ efficacies and
inefficacies’ (White, 1960), and the product of their
experience with linguistic events in specific contexts
(Jenkins, 1974), will result in individual variability in
the acquisition process.

The research reviewed thus far largely ignores
individual differences amongst minority children. These
have been demonstrated to be quite significant by
researchers such as Wong-Fillmore (1976) whose study
highlights the importance of individual differences in
children’s SLA. She examined the development of ESL in five
Spanish speaking children whose ages ranged from 5.6 to 7.3
years. The children in Wong-Fillmore’s study attended a
bilingual school in which the population consisted of both
Spanish and English speaking children, and in which both

languages were used in equal parts to deliver the academic
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program. Each Spanish speaking child was paired with an
English speaking class-peer, and their SLA in a naturalistic
setting was examined over one year. Wong-Fillmore noted in
her study that the child who achieved most in the one year
study was Nora. She exhibited very high motivation in
learning the L2 and in communicating with the target
language speakers. Juan, who exhibited the least motivation
to communicate with the target language speakers was the
slowest in his SLA. A boy named Alej, exhibited great
difficulty initially but eventually ’‘made good progress in
language learning’.

Wong-~-Fillmore‘’s description of Alej and his specific
course in the SLA process accentuates the importance of
individual variables in studying child language acquisition.
She notes that Alej "...had a cold from September to
June ..." (p.l140) and that his ability to imitate speech was
poor even when it was slow and clear. His ability to hear
may have been compromised. In FLA, otitis media, for
example, is associated with frequent and long lasting colds
and with delay in development of speech perception and
language (Kavanagh, 1986). Wong-Fillmore’s (1976) final
description of Alej seems to confirm that his hearing and
listening status might have been impaired at the time of the
study:

Alej was much poorer in these [language] areas: He

had difficulty remembering how expressions in the

new language sounded, and an enormous difficulty

reproducing them. He often garbled what he was
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saying so badly that it was nearly impossible to
understand him (p.713).

Wong-Fillmore'’s case studies show that although
children may follow the same path in the process of learning
a second language, their rate and style in this process
differ greatly. Group studies, in contrast, tend to mask
these important learner differences. Variables such as home
communication style versus classroom communication style
(Wells, 1981; Iglesias, 1985), an elaborated versus a
restricted speech code (Bernstein,1970), social-class and
child rearing practices (Heath, 1983), and cultural
attitudes toward the significance of written literacy
(Miller, 1990), all contribute to the creation of a unique
learner, with unique needs, and competencies (Grosjean,

1985; Cook, 1992).

2.2 Individual Difference Variables In Language
Acquisition: Central Auditory Nervous System Function

Fillmore‘’s (1976) study underscores the need to examine
children’s language development on an individual basis.
Group statistics tend to erase individual differences, and
perhaps difficulties, which may hinder the acquisition
process. The boy Alej, for example, exhibited problems
reminiscent of those found in some FLA children with middle
ear disease or otitis media with effusion (OME) who are also
diagnosed as having a developmental central auditory
processing dysfunction (CAPD), a difficulty which may
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profoundly influence both oral and written language
development.

Sloan (1986) defines auditory processing as "...
everything that occurs from the moment a sound enters the
external ear canal to the moment that that particular
acoustic event is experienced by a listener" (p.l). This
definition seems cautious and limited as it implies an
acoustic event which ends at the moment of sound recognition
or even sound detection. Lasky and Katz (1983), on the
other hand, provide a definition that includes the entire
gamut of the transformation of the acoustic signal from a
nonsensical sound to a meaningful one: "...central auditory
processing [is] the manipulation and utilization of sound
signals by the central nervous system ... what we do with
what we hear. CAP involves a range of activities from the
awareness of the presence of a sound to analysis of
linguistic information" (p.4).

The major differences between these two definitions are
the following: The first implies a passive event and
involves only part of the CANS, whereas the second is
unmistakably a dynamic process and includes the entire
tract. These differences reflect an underlying issue in
defining the upper limits of central auditory processing.
As Doehring (1989) notes, the lower limit of peripheral
auditory processing is well understood as are peripheral

hearing disorders, but central processing is more difficult
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to understand because determining the precise "...point
where auditory processing ends and higher levels of
processing begin is a major problem" (p.2). He explains
that the upper limit issue involves auditory perception, and
because there is no generally-accepted theory of auditory
perception,

...it is difficult to distinguish between

discrimination and perception at the lower limits

and between perception and comprehension at the

upper limits. There is no agreement as to whether

perception is a separate process, or whether it is

inextricably combined with cognitive and

linguistic processes (p.3).

The lack of a theory of CAP and its disorders
(Doehring, 1989), has resulted in two conflicting
approaches: CAP is a data-driven rather than a meaning-
driven phenomenon, that is, an auditory rather than a
linguistic event. As well as a conflict in approaches, the
absence of an explicit theory also led to a conflict in the
view of the role of CAP in normal and disordered language
acquisition (Friel-Patti, 1994).

Duchan and Katz (1983) summarize the views of the two
approaches to CAP. The language processing view
(O’Connell, 1982) emphasizes that language information
already exists in the mind of the listener and the acoustic
signal offers very little additional information. Language
processing is achieved by using higher linguistic and

cognitive knowledge, that is an analysis-by-synthesis

process (Lubert, 1981; Luce & Pisoni, 1987, p.20). The
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listener uses language knowledge to ‘gquess’ the speaker’s
message.

The auditory processing view admits that language
knowledge helps us to understand without the need to examine
each sound and word individually. However, information from
the acoustic signal must be processed through several steps
before becoming available for analyses by higher level
knowledge. Some words a child knows very well may still be
mistaken when the acoustic context and conditions are
varied, and others known equally well are not mistaken. The
effects of even a mild hearing impairment on language
acquisition (Davis, Elfenbein, Schum, & Bentler, 1986), and
the consequences of processing language in a noisy
environment, make one realize the importance of the acoustic
signal.

Duchan and Katz (1983) point out that a synthesized
approach to CAP is more viable than a complete separation of
approaches. The bottom-up (auditory) and the top-down
(linguistic, prior-knowledge) processing activities are
interactive and mutually influenced as they represent one of
the dichotomous dimensions of auditory processing (Lemme &
Hedberg, 1988). Bernstein and Stark (1985) support this
view when they state that in order to understand a breakdown
in language acquisition the complex interactions between
perceptual and linguistic processes must be taken into

account.
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In most situations there is a continual flow between
the two operations (Duchan & Katz, 1983). When events are
unpredictable we attend more to the signal, and when they
are predictable we attend more to the linguistic message.
Therefore, depending on predictability, the signal/language
ratio will vary. Keith (1985, p.146) provides a reading
example which is analogous to this auditory process. When
the words on a page are highly familiar, the reader relies
on a cognitive or a top-down approach, but as they become
less and less familiar (as in names of complex drugs or
chemicals) the reader switches to a more analytical or
bottom-up approach.

As Lemme and Hedberg (1988) point out, human
information processing systems have been treated
historically as isolated cognitive activities: attention,
perception, memory, and comprehension. They consider this
to be erroneous as there is evidence that these activities
are integrated in auditory linguistic processing. The human
nervous system, they note, is not a passive receiver and
analyzer of auditory information, but rather a system that
"...is capable of controlling its own input and processing"

(p.304).

The auditory nervous system pathwav.

The result of auditory processing is auditory

perception. Katz and Wilde (1985), for example, treat
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processing and perception as synonyms. Although this event
may be experienced as immediate, it does take place in real
time. The complex auditory nervous system pathway,
comprising a peripheral and a central system, is the prime
communication facilitator. The following delineate the main
components of the auditory pathway (see Willeford &
Burleigh, 1985; Musiek, 1985).

The cochlea, located in the inner ear is the primary
sensory organ for the reception of auditory signals. The
initial analyses of frequency (Hz) and intensity (dB) are
made here. The Organ of Corti, located in the cochlea,
contains about 23,000 sensory receptor cells that underlie
all auditory activity. The hair cells send impulses to the
central auditory nervous system (CANS) via afferent or
sensory neurons, and also receive impulses traveling from
the CANS via efferent or motor neurons. Auditory messages
travel to and fro via the eighth cranial nerve: the acoustic
nerve, a bundle of nerve fibers (about 5 mms in length).
The bundle consists of fibers from the vestibular system
(responsible for balance), and from the seventh cranial
nerve: the facial nerve.

The CANS begins at the point where the acoustic or
auditory nerve connects at the cochlear nucleus. It is
located on each side of the brainstem in the area of the
medulla. This is where the initial stage of central

processing occurs, and where temporal features of sounds are
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coded, therefore the ’timing’ mechanism may be said to be
located at this initial level. Fibers from the nucleus
connect with the superior olivary complex, an important
relay station of the ascending tract, and responsible for
binaural listening functions.

Fibers from here arise bilaterally to form the lateral
lemniscus: the primary auditory pathway in the brain stem,
the transmission lines for ascending and descending fibers
through the brainstem. Fibers from here continue to: 1. the
midbrain, to the inferior colliculus: a relay centre for
transmitting information to the thalamic area, and 2. the
medial geniculate body: the highest level of subcortical
function before transmission to the cortex.

Another important mechanism in the brainstem is the
reticular activating system; activated by auditory signals,
it arouses the cortex so that the information can be
interpreted, and it discriminates and selects signals for
higher transmission. It also functions as a coordinator of
visual, somatosensory and auditory stimuli. An inefficient
reticular system can cause many difficulties in attention,
discrimination, and integration of auditory processing.

Fibers from the medial geniculate body are projected to
the temporal lobes of the cortex. Each hemisphere receives
projections from both ears, resulting in binaural
representation of auditory stimuli in each temporal lobe.

Each hemisphere contains a primary auditory area, and second
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and third association areas surrounding the primary area.
The final link that completes the auditory chain is the
corpus callosum: a massive bundle of fibers that connects
the two hemispheres, and is responsible for cooperation and
communication between them.

Based on the neuroanatomic structures of the auditory
system, CAP efficiency can be broadly defined as the
relative ability to attend to specific auditory signals in
the presence of background signals, discriminate between
them, inhibit undesirable signals, reorder or modify them,
recognize them, and assign meaning to them.

Obviously, unimpaired reception of sounds is necessary
for the function of the auditory system but not sufficient
for meaningful communication. The central auditory
processing system must be functional and intact for correct
interpretation and the resulting meaning to occur (Rampp,

1981).

Speech perception: a multilevel process.

Basic to human communication is the speech signal "...a
complex, continuously varying, acoustic stream in which
isolated segments and words appear hidden" (Luce & Pisoni,
1987). Speech perception is the process whereby the speech
signal undergoes metamorphosis with the product being an

identifiable, meaningful message (Gierut and Pisoni, 1988).
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This transformation involves several stages of analyses
(Sloan, 1986; Luce & Pisoni, 1987):

a. Peripheral auditory analysis: Important speech
sound discrimination occurs at the peripheral level. The
information gathered from this analysis is stored briefly in
what is called echoic memory at the sensory organ level,
until the next level of analysis is reached.

b. Auditory analysis: Here, information from the
echoic memory is used to extract more information about the
sound structure, fundamental frequency, overall loudness,
duration of the signal, sound pressure or amplitude onset
and offset, and feature analysis. The acoustic feature
detector gives clues about phonetic classification. The
features scanned in consonants are those of manner, place,
and voicing, and in vowels the features are frontness-
backness, and height. The auditory analysis, therefore,
results in speech sound discrimination.

c. Phonetic analysis: This can be considered as the
first stage of linguistic processing. Here, a synthesis of
acoustic and phonetic feature information takes place.
Although some believe that specialized feature detectors
exist at this level, the evidence suggests otherwise,
according to Luce and Pisoni (1987). Phonetic analysis,
although highly automatic, is a ‘learned’ or acquired

perceptual skill, rather than an innate ability.

46



d. Phonemic analysis: At this level the phonetic
segments are changed into phonemes. These are the basic
units of the sound system of a language. At this stage,
analysis of the signal, in essence, involves suppressing
information about the uniqueness or variation of a sound,
and attending to the ’sameness’ of it, that is, recognizing,
discriminating, and assigning the phoneme to a recognizable
category.

It is here that the listener must apply phonological
knowledge of his or her language in order to perform
accurate analysis; and in turn, at the previous levels of
analyses, accurate information must have been extracted so
that the phonetic analysis could be mapped onto the
phonemic.

e. Linguistic analysis: The transformed speech
signals undergo additional recoding and extraction of
lexemes. Here extractions are matched to lexemes stored in
long term memory and word meanings are extracted from
semantic memory. The word’s functional semantic and
syntactic roles are also analyzed so that interpretation is
possible. Not only the words but alsoc the prosodic features
of an utterance are analyzed. This allows storage in short-
term memory until the linguistic analysis is completed and
the message understood.

There is a great interdependence between all levels of

analyses: the better the function of the system at lower
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levels, the more linguistic information is acquired; the
more linguistic knowledge is acquired, the better the
analyses at the lower levels. However, the exact ratio and
the nature of this symbiotic relationship is largely
speculative (Elliot, 1985). This interdependence makes it
difficult to separate cause from effect when a system-
breakdown occurs (Willeford & Burleigh, 1985, p.l13, Lahey,
1988, p.95), and is the basis for the ongoing controversy in
the area of auditory processing or perception of speech:
bottom-up or perceptual versus top-down or linguistic
approach (Duchan & Katz, 1983; Keith, 1985; Friel-Patti,

1994)

The issue of agreement on a CAPD definition and cause.

Gerber and Mencher (1985), in their introduction to the
proceedings of the 6th Elks’ symposium on the hearing
impaired child, stated that: "It was with considerable
trepidation, in fact, that we decided to attempt a
publication on this [CAPD] subject...we had perused the
literature...without finding anyone who would say what
central processing is or what a central processing disorder
is" (p.7). The main problem, in their view, is one of
definition.

Keith (1985) agreed that a problem with definition
exists, and he attributed it not only to a lack of agreement

about terminology, but to a basic disagreement about a
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theory of CAP. Doehring (1986, class notes on the CAP topic
to McGill audiology students) stated that: "...since there
are no theories of normal central auditory processing, there
are no explicit theories of central auditory disorders.”

The lack of adequate theories and a clear definition of
CAPD becomes more significant when CAPD is studied in the
pediatric population. 1Issues of assessment as well as
etiology surface. Bornstein and Musiek (1981) point out that
the lack of adequate theoretical bases influences the
assessment process: Many tasks used with, and standardized
on, adult populations are used with children; a minimal
amount of methodological investigation or research is
accepted as sufficient before a test battery is used, and
when results are obtained there is a great question as to
*...how performance on these tasks relates to language and
learning abilities" (p.26).

O’Connell (1982) objected vehemently to a review of
literature on CAPD in langquage-impaired children (Lubert,
1981) because it hinged on results from studies of acquired
CAPD in adults. She pointed out that these populations
differ significantly in etiology, and in symptomatology.

The issue of etiology or lack of verification of a specific
'gite-of-lesion’ in children with developmental CAPD,
resulted in one of the central objections of the ‘'top-down’
theorists to the use of the term CAPD in the pediatric

population (Doehring, 1986, classnotes). They insisted that
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the problem was linguistic rather than perceptual. However,
Musiek (1985, 1989) points out that not all disorders
"occupy space". Problems can arise from small neurologic
deficits as well as from biochemical abnormalities. He
refers to studies that show that neuron response to acoustic
stimuli is changed by neurotransmitters and biochemical
influences.

Downs (1988), for example, found that many children
with histories of middle ear disorders (OME) show
developmental language delays, but are often termed CAPD.
Their problems, she notes, stem from early language
deprivation and not from a ’‘congenital brain dysfunction-’.
As Musiek (1985, 1989) notes, however, auditory deprivation
such as caused by early middle ear disease, can cause neuron
atrophy in the central system, and early sound deprivation
has 'measurable interference effects’ at the cortical,
speech processing level (Eggermont, 1989).

Katz and Wilde (1985) state that there is ample
evidence to suggest that early auditory deprivation can have
serious consequences for the behavioral, chemical, and
structural development of the CANS. It has been shown that
children with an early history of OME perform more poorly on
auditory perceptual tests, experience less academic success
than non-OME peers, require more special services than their
controls, and that it is possible to predict these problems

from OME history (Brandes and Ehinger, 1981, Menyuk, 1986,
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1991). Zinkus (in Kavanagh, 1986) notes that although a
cause-effect relationship between chronic OME and CAPD is
difficult to establish, "There is growing evidence (American
Academy of Pediatrics 1984) demonstrating the correlation
between middle ear disease...[and] delays in development of
speech, language, and cognitive skills" (p.115). One of the
problems with OME research, no doubt, is the difficulty of
getting accurate OME data years after the fact.

Perusal of the literature on the subject of early OME
and its relationship to development of speech, language, and
learning, reveals diverse hypotheses and study results
(Eimas & Clarkson, 1986; Landis, 1990; Paden, Novak, &
Beiter, 1987, 1989; Roberts, Burchinal, Koch, Footo, &
Henderson, 1988; Wallace, Gravel, McCarton, & Ruben, 1988).
This, as Levitton and Bellinger (1986) point out, is
probably a direct result of the great variability in design
and quality of studies in this area. They found, for
example, that only two out of five studies that they
investigated were adequate, and that those two showed ‘a
convincing’ association between early persistent OME and
later language function deficiency.

In a discussion of the relationship between the
neuroendocrine system and auditory perception, Barr (1976)
found that an insufficiency of hormonal products affected
auditory detection acuity, localization, speech

discrimination ability, loudness judgments, and impairments
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in integrating speech stimuli into meaningful patterns. A
system with such a problem would appear to be ‘brain
different’ rather than ’'brain damaged’, notes Barr. Katz
and Wilde (1985) state that because the actual cause for a
child’s CAPD is difficult to determine, developmental CAPD
should be viewed as a 'deficit’ rather than a ‘damage’ in
the CANS.

Downs (1988) argues that CAPD is not the basis for
language learning problems. She pointed out that auditory
deprivation is the major cause of language problems in
children with recurrent OME. Further, she argues that
environmental factors can lead to language problems. She
asks: "what happens when there is environmental deprivation
in language due to reduced or low-quality language
stimulation in the home? This too is auditory deprivation,
whether it is reduced quantity of auditory input or whether
the input is of poor quality" (p.194).

Although the consequences may seem similar for the two
groups, one may object to the analogy because children with
an intact auditory system are able to learn more than one
linguistic code. Therefore, even when they come from homes
with so called ‘poor quality language’ they can still
acquire the ’‘standard’ form, much like a second language,
when exposed to it in school, providing that they have
adequate access and opportunity (De Avila, 1987). For

further argument against the reduced language stimulation
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hypothesis, one may look at what happens to hearing children
born to deaf parents. Not only do they develop ‘adequate
language skills’ but many of them as adults are found to be
high achievers (Hoffmeister, 1985).

A major problem in the construction of adequate
theories probably lies in the complexity of the CANS
(Willeford & Billger-Burleigh, 1978, 1985; Keith, 1988) and
the issues involved in speech perception research and
theory. As Phillips (1989) puts it, "Our data on auditory
neuroscience as it pertains to central dysfunction, and our
knowledge of the nature of auditory perceptual consequences
of central pathology are frustratingly incomplete" (p.30).

Gierut and Pisoni (1988) hold that the following
phenomena led to false assumptions regarding the speech
perception process:

1. A distinct set of acoustic features corresponds to each
phoneme, and when a phoneme is used, the same acoustic cues
are identifiable in the signal regardless of context. This
is termed ‘the invariance condition’. 2. A specific sound
corresponds to each phoneme in a spoken word, and units of
sounds are discrete and are ordered in a particular
sequence. This refers to the ‘condition of linearity’.

3. The speech signals can be dismantled and reassembled into
acoustically distinct, independent units corresponding to
specific phonemes. This constitutes the ’‘segmentation

condition’.
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These conditions led to the major assumption of one-to-
one invariant mapping between acoustic and phonemic
properties of sounds. However, this was not confirmed by
research: there are more acoustic cues than phonemic
elements in speech sounds, acoustic properties of sounds
change and vary depending on context, and overlapping
information is present about pre-, present-, and post-
phonemes. The question remains: how does the listener
recognize speech sounds despite lack of correspondence
between the acoustic signal and the phonemic message?

A second issue identified by Gierut and Pisoni (1988)
is that of ’‘intra- and inter-talker normalization’. That
is, the rate, pitch, stress, and lcudness of a speech sound
are not constant in a conversation. This is due to
individual as well as socialization tendencies. Therefore,
there exists great variation in production of the same set
of sounds (e.g., as in different accents), and yet,
listeners can still recognize these sounds. How do they
suppress irrelevant aspects of speech sounds and attend to
the relevant ones? A third issue deals with the internal
representation of speech: where and how is speech stored for
cognitive processing both in perception and production?

The three issues address the problem of how a word is
recognized from a sound wave form. This represents ’‘the
primary recognition problem’, which includes the question of

what role experiential, conceptual, linguistic knowledge, or
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memory play in speech perception. Speech perception
research includes both bottom-up and top-down processing
questions, and to date, no theoretical model has been
constructed that can adequately answer all the above
qguestions.

Another source contributing to the difficulty in
agreement on a definition comes from the fact that many
disciplines have a vested interest in this area and each
uses its own approach, terminology, theory, assessment, and
management (Katz & Wilde, 1985; Gierut & Pisoni, 1988; ASHA,
1990; Friel-Patti, 1994). However, problems of definition
also exist in areas such as dyslexia, cognition, language,
and are rather common in the behavioural sciences (Keith,
1985; Katz & Wilde, 1985). Eisenson (1985) summarizes this
issue in the following:

Perhaps we cannot provide a firm definition of

what we are talking about any more than we are

likely to find a firm definition of cognition.

This minor weakness has not prevented the

propagation of courses, books, and advanced
degrees in cognitive psychology (p.13).

Toward an operational definition of CAPD.

Gerber and Mencher (1985) provide a physiological
approach in their definition: "central auditory processing
and central auditory disorders begin anatomically at the
level of the cochlear nuclei" (p.9). This definition
clearly separates peripheral from central anatomical

structures. Having identified the anatomical boundaries,
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they continue their definition with a clinical audiological
approach: "central dysfunction can be identified when there
is evidence of an auditory disorder in the absence of any
peripheral dysfunction which would explain that disorder"
(p-10). This defines CAPD as failure on audiological
assessments, and thus may provide an adequate definition for
audiologists but falls short as far as other disciplines are
concerned. However, when they touch on symptomatology, the
picture of what constitutes a CAPD becomes more focused:
"The most prominent revealing symptom is difficulty in the
perception of speech and the auditory comprehension of
language" (p.10).

Sloan (1986) defines auditory processing difficulties
in the following terms: "...a difficulty in processing the
acoustic speech signal that interferes with accurate and
efficient perception of speech" (p.35). She elaborates on
this definition by pointing out that the clinical
identification of auditory processing difficulties in many
children does not include a definite ’site of lesion’ or
neural pathology. Nonetheless, she points out, "These
children demonstrate problems in speech discrimination and
speech perception in the absence of peripheral hearing loss"
(p.35).

This distinction is important since it draws a definite
line between disorders due to hearing impairment and those

that cause ’‘normally hearing’ children to behave as if they
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were hearing impaired (Willeford & Burleigh, 1985, p.49).
Sloan limits the disorder to 'speech perception’. However,
Tallal (1980, 1985) demonstrated in a series of experiments
that specifically language impaired (SLI) children’s
perception of rapidly presented non-verbal auditory stimuli
was equally deficient, thus pointing to an underlying
auditory rather than a linguistic deficit.

Sloan’s definition includes an identification of speech
perception as an important area of dysfunction, but it tends
to omit not only a description but also a reference to the
consequences of a speech perception dysfunction, that is,
defective word reception. Keith’s definition (1985), on the
other hand, emphasizes the consequences: "...a child with
an auditory processing problem is one with an inefficient
auditory system resulting in a receptive language disorder"
(p-146). This language problem, in turn, causes the child
to process auditory information more slowly and less
efficiently. Keith thereby establishes a cause-effect
relationship between CAPD and language, and then emphasizes
the mutual dependence between the prelinguistic and
linguistic processing events.

Eisenson (1985, 1986) believes that the definition of
CAPD and of Developmental Aphasia are synonymous: "The
underlying impairment in developmental aphasia is for the
processing of acoustic events which are rapidly changing and

which require phonemic and temporal order resolution"

57



(p-15). He defines CAPD as a language disorder: "It is a
disorder in which the primary impairment is the processing
(decoding and in turn encoding) of oral language when the
symbol-signals are presented at a normal rate and not in
excessive quantity" (p.14). Eisenson, therefore does not
endorse the mainly artificial dichotomy between
prelinguistic and linguistic processing.

His definition not only includes the entire range of
speech processing levels, but defines language as an
auditory phenomenon. When one considers the difficulties
hearing impaired children have in acquiring oral language,
or the elderly adult’s struggle to comprehend speech
following hearing loss, or even normal hearing adults’
problems in following a conversation in an acoustically
unfavorable environment, the above emphasis on the auditory
system does not seem excessive.

Furthermore, the speed of auditory processing and the
transitory nature of the signal are such that in reality, it
is difficult to separate the acoustic event from the
linguistic one. Speech sounds are meaningful events from
very early on in human development. Therefore, how does one
determine where one ends and the other begins? Miller
(1956), in his discussion of information processing,
presented the analogy of a person learning Morse code.
First, one hears dits (dots) and dahs (dashes) as discrete

and meaningless auditory units, and later these are

58



perceived in groups, that is, they take on meaning and are
heard as words or information units. Does the perceptual
grouping and consequent change in ‘meaningfulness’ of these
discrete events imply that they are no longer processed as
dits and dahs? When the acoustic event is transformed into
a linguistic event, does it cease to be an auditory
experience? By the same token, does listening to a stream
of speech in a totally unfamiliar or ’‘meaningless’ language
constitute a purely auditory experience or a meaningless
linguistic event? An assumption of a dichotomous auditory
processing system allows for such fruitless questions.

Eisenson’s definition was born out of his observation
of the similarity between children with a diagnosed CAPD and
adults suffering from an acquired Wernicke'’s aphasia, often
referred to as auditory aphasia. In this disorder, speech
comprehension problems are thought to be due to a disability
in processing speech at the phonemic level. The primary
deficit, he concludes, is "...in speech sound discrimination
for temporally ordered events when the signals are presented
at the rate and quantity normally spoken by speakers of that
language" (p.14).

Eisenson’s definition is congruent with that of Lasky
and Katz (1983). They state that "...the child with
problems in CAP often has difficulty when s/he must attend,
comprehend, manipulate, interpret, and remember auditorily

presented linguistic signals, generally in cognitive tasks"
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(p-25). They emphasize that the processes of perception,
comprehension, learning, and memory are not only very
similar but also interactive, and as a result are very
difficult to separate. This, no doubt, contributes to the
difficulty in agreeing on the definition of CAPD.

Keith (1986) elaborates on this topic by stating that
the term Auditory Processing Disorders (synonymous with
several terms including CAPD, auditory perceptual problems,
and nonsensory hearing impairment) refers to individuals who
have communication or learning problems. He defines these
as follows: "...the inability or impaired ability to attend
to, discriminate, recognize, or comprehend information
presented auditorily even though the person has normal
intelligence and hearing sensitivity. These difficulties
are more pronounced when listening to low redundancy
(distorted) speech, when there are competing sounds, or in
poor acoustic environments" (p.3). He adds that in the
course of normal development the child’s auditory processing
abilities develop in a parallel or reciprocal relationship
with language abilities. Keith accepts that language
disorders in children may have an etiology other than
auditory perceptual by admitting that: "Children with
auditory processing disorders are a subset of the larger

group of children with language and learning disorders"

(p-4)-
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The CAPD child: specific deficits and consequences.

Tallal (1985) described the neuropsychological stages
of CAP as follows: After an auditory signal is detected, the
system must determine if the signal constitutes one
continuous event or is made up of two events. The ability
to determine this is possible because of ‘temporal
resolution’: the time necessary to decide when one stimulus
has ceased (offset) and the other begqun (onset). The next
stage involves the determination by the system of whether
the two events are the same or different. Information about
frequency, amplitude, and time, is used to perform this
discrimination task.

An important stage following the determination that the
two stimuli are different is the ability to perceive the
temporal order or the sequence of the occurrence of the
stimuli. The storage of these sequenced stimuli in short
term memory occurs next, as additional stimuli undergo the
same stages of processing and subsequent storage. The
sequenced storage of the stimuli allows their recall and
combination. The basic components of auditory perception,
the product of CAP, therefore, are: detection, temporal
resolution, discrimination, sequencing, and serial memory
(Tallal, p.17). According to Tallal, the temporal aspect in
CAP may be central in the perception of speech, and is the
variable most implicated in auditory perceptual disorders of

many language impaired children.
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Barr (1976), in his discussion of possible etiologies
of auditory perceptual disorders, noted that in studies of
neuroendocrine control of auditory perception, the most
noted defect was in the perception of temporal relationships
(p-7). Bornstein and Musiek (1981) state that, "The
temporal nature of auditory-neural processing is important
for auditory perception" (p.26), and they note that speech
perception studies support the view that temporal processing
deficits probably affect not only the perception of vowels
and consonants but the ’‘entire speech stream’ because
temporal or duration cues also provide linguistic cues
(p.28).

In her review of the literature on specific language
disordered children, Lubert (1981) found that most studies
suggest that these children exhibit a ‘rate-specific’
auditory perceptual deficit. She notes that this may
explain the clinical observation that language-impaired
children are deficient in processing rapid speech but
improve when dealing with slower speech. She believes that
speech perception problems may interfere with language
acquisition.

Fuller (1982), objected to Lubert’s hypothesis
deficits on the basis that if it were true, then the
incidence of articulation problems in this population should
be very high, and yet many do not exhibit articulation

problems. Thus, Fuller used articulation ability as
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evidence for an intact speech perception mechanism.

However, Stark, Tallal, and Mellits (1985), found that
receptive and expressive language disorders show different
underlying etiologies. 1In a study comparing SLI children to
a linguistically intact group they found that a different
set of variables operated in receptive and expressive
abilities for the SLI group but not for the normal children.
Speech motor variables as well as verbal visual processing
were highly correlated with expressive language but not at
all with receptive language. In addition, they found that
receptive language was highly correlated with both verbal
and nonverbal auditory processing variables. Based on this,
it is not certain that speech perception difficulties can be
excluded on the grounds that a child has the ability to
produce sounds.

The importance of the temporal variable in CAP has been
implicated in the behaviour of the CANS at the level of the
neuron, lending support to the above studies. Willeford &
Burleigh (1985) cite Stillman’s (1980) work on the response
of cochlear nucleus neurons to auditory signals. Stillman
emphasized that the timing aspect will determine whether
neurons will respond to signals. He suggested that the
precise timing of signals that excite or inhibit neural
activity along the entire auditory tract is vital if a
differential response to environmental sounds is to occur

(Willeford & Burleigh, 1985, p.33).
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Philips (1989), in his discussion of auditory neuro-
physiology, confirms the importance of temporal coding,
along the entire tract, including the auditory cortex,
especially for complex stimuli. Sloan (1989), reiterates
that the timing factor is critical to speech
intelligibility, and is one of the important aspects of
auditory processing. Although there is no consensus as to
etiology or definition, almost all agree that the most
pervasive complaint about children who exhibit CAPD is that
they can not process the ’‘normal speech stream’ (Johnston,
1988).

Barr (1976) in discussing CAPD etiology, claims that
children with auditory perceptual problems exhibit auditory
discrimination problems due to ‘minimal brain dysfunction’
(p.34). Musiek, et al., (1985) agree that in a majority of
children, CAPD has a ’'benign’ neurological base. Tallal
(1988) concurs when she states that: "...a specific
neurological mechanism may disrupt phoneme perception and
production resulting first in delayed language acquisition
in young children and subsequently in delayed reading
acquisition in older children" (p.15).

Research shows that CAP deficits include problems in
the following: analysis, figuring out the parts of the
signal; synthesis, combining parts of speech to form a
whole; seqguencing, arranging sounds and words in proper

order; figure-ground, the isolation and discrimination of
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primary sounds from background noise; phonemic
discrimination, differentiation of words that sound alike;
and auditory integration of words with multi meanings,
selection of the word meaning most appropriate to a context,
and auditory memory difficulties (Barr 1976, Rampp, 1981).

Barr (1976) hypothesized that the problem did not occur
at the sound level but rather at the level of the syllable.
Tallal (1980) found that children who exhibited no problem
in discriminating rapid presentation of phonemes in
isolation, had problems when they were embedded in a
syllable.

Barr stated that auditory perceptual problems underlie
problems in language acquisition and in learning. He notes
that 46-70% of learning disabled children show auditory
perceptual problems. Rampp (1981), citing Toman (1969)
estimates that because approximately 70% of instruction in
the classroom is verbal, these difficulties will profoundly
influence language, reading and spelling.

Recent advances in reading research have shown that
auditory perceptual rather than visual perceptual problems
often underlie reading difficulties (Galaburda, Menard, &
Rosen, 1994; Kamhi, 1989). Phonological processing (the
transformation of the acoustic signal to phonemes), and
metaphonological knowledge were found to underlie success in

the reading process (Catts, 1989; Kahmi & Catts, 1986;
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Liberman & Shankweiler, 1985; Liberman, Shankweiler, Camp,
Blachman, & Werfelman, 1980; Sawyer, 1981).

Katz and Wilde (1985), found that in addition to
figure-ground discrimination and temporal sequencing
problems, the CAPD child often demonstrates poor auditory
attention, poor auditory memory, and delayed receptive
language ability. They note that CAPD children’s
integration skills are defective. Rampp (1981) too noted
that the CAPD child’s highly variable auditory
responsiveness is due to a deficient integration ability:
"He does not relate his hearing meaningfully to the
environment" (p.40). Luick, Agronowitz, Kirk, and Busby
(1982), also found that children with severe oral language
disorders exhibited a central organization deficit or an
integration problem.

Fisher (1980, in Keith, 1986), Rampp (1981), and
Willeford and Burleigh (1985), presented a behavioral
profile of CAPD children. The most salient auditory
behaviour they noted was the inconsistent awareness of and
responses to sounds. CAPD children often misunderstand what
is said, and say "huh" and "what" frequently. They appear
to have a short attention span and are easily distracted
both at home and in the classroom. They have trouble
following directions, and are classified by teachers as

'poor listeners’.
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The above researchers’ profiles show that academically,
these children often exhibit reading and spelling problems,
and have difficulty expressing themselves verbally in a
coherent manner. Typically, there is a significant
discrepancy between their expected and their actual
performance when IQ is considered. Their academic
performance is often a source of disappointment and
frustration for both themselves and their families. Their
families’ reactions to their difficulties may lead to
conflicts and a subsequent behaviour problem.

In my own SLP practice I have found that CAPD children
are often misunderstood by home and school alike. Because
of their distractibility they are often labeled as Attention
Deficit Disordered (ADD), and yet when parents complete a
Conners’ Parent Questionnaire (Conners, 1990) for
identification of children with ADD, the results typically
do not support this diagnosis. As well, there often exists
a great discrepancy between the CAPD child’s behaviour at
home and school.

Ivey (1986) also notes that many of the children
referred for CAPD testing, have "no apparent trouble
learning at home" (p.5). When one considers that a
classroom generally constitutes an unfavorable acoustic
environment (Hétu, Truchon-Gagnon, & Bilodeau, 1990) in
which great demands are made on the auditory channel, this

observation is not surprising.
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Semantic and syntactic knowledge aid greatly in
discriminating and identifying word boundaries in connected
speech. A newcomer to a language, for example, has
difficulty recognizing where a word begins and where it ends
in running speech. CAPD children, despite demonstrated
adequate oral language skills, often exhibit difficulty in
determining word boundaries when listening to running
speech, thus acting like ‘newcomers’ to their own language.
They may, for example, attach the last phoneme of a word to
the initial position of the next word and thus totally alter
the meaning of the sentence and render it nonsensical. For
example: "give me some others" may become "give me some
mothers". Their poor speech perception can cause a question
such as: "What causes ice to melt?" to become " What causes
eyes to melt?". The faulty sentence perception results in
not only a breakdown in the communicative act but also a
confused and often frustrated child.

In my clinical practice I have also observed that these
children often exhibit significant gaps in their general
knowledge. They have a difficulty getting information
'through the air’, and as a result are often bewildered when
reference is made to ‘common knowledge’. Their
misunderstandings, in these cases, are due to lack of
familiarity with specific topics rather than language

knowledge.
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The most characteristic symptoms seem to be their lack
of adaptability in ‘less than optimal’ listening
environments in contrast to children without CAPD. Barnett,
Nichols, and Gould (1982), for example, found that non-CAPD
children who were exposed to unpredictable and varied noise
levels, as found in ‘open-space’ classes, performed better
on auditory tasks requiring attention even in the presence
of background noise, when compared to their ‘traditional
classroom’ peers. They learned 'how to listen’ in such
environments.

A typical symptom of CAPD children is their varied
responses even to highly familiar language and contexts.
This symptom indicates that the CAPD children’s strategies
in the extraction, integration, and use of auditory
information, that is, their cognitive skills, may be
defective. They often exhibit diffuse as opposed to focused
perceptions.

Feuerstein’s (1979) description and theory of children
with perceptual problems and persistent academic failure may
provide a basis for understanding many of the seemingly
unrelated behaviors observed in CAPD children. He proposes
that observed difficulties in children exhibiting perceptual
disorders occur in three phases of information processing.
In the input phase, the individual gathers insufficient
quality and quantity of data with which to attempt to solve

a given problem. In the elaborational phase, the individual
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is unable to use the data available to him. This may result
in bizarre responses, poor responses or complete blocking of
responses. Elaboration of cues constitute what is generally
meant by thinking. Good elaborational skills can exist
despite poor data gathering skills. 1In the output phase,
deficiencies result in inadequate communication of final
solutions. It can occur because of or be independent of
deficiencies in the other phases. The problems consist of
difficulties in predicting relationships, trial and error
responses, impaired selection of verbal tools for
communicating adequately, impaired need for precision and
accuracy in communicating responses, and impulsive, acting-
out behaviour.

Not all the above deficits necessarily exist in one
individual, notes Feuerstein. However the existence of
clusters of the above may greatly impair their ability to
function. Also, Feuerstein believes that these deficiencies
can adversely affect the child’s affective-motivational
development and therefore make the child fearful of
structured situations that require focus and organization.

Feuerstein’s model of information processing deficits
can be useful in dealing with CAPD children in several ways:
it may be used to explain the behavioral variability amongst
children with similar CAPD profiles: they have difficulties
at different phases of information processing. The model

can also explain why some children with considerable
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demonstrated CAP clifficulties are able to cope with their
academic environments in more than adequate ways: they are
able to compensate for inefficient auditory systems because
of their efficient information processing strategies at all
phases of the process.

In addition, Feuerstein’s model may assist greatly in
the evaluation as well as intervention process by
facilitating the following: determining at which phase the
child experiences most difficulty, predicting which areas
and tasks at school will be most problematic, anticipating
social-emotional consequences, and based on the above,

structuring appropriate interventions.

2.3 The Audiological Investigation of CAPD and The L2 Child

The need to evaluate children suspected of CAPD with
controlled acoustic stimuli has been noted by many (Musiek,
1985; Musiek et al., 1985; Katz & Wilde, 1985; Willeford &
Burleigh, 1985). Assessment instruments that are presented
outside of an audiology booth fail to control the
environmental variables, acoustic features of the test
signals, speed and consistency of the signal, and often
require visual responses. They measure psycholinguistic
rather than psychoneurological abilities (Willeford &
Burleigh, and Musiek et al., 1985).

Audiological tests, in contrast, stress the CANS by

presenting well controlled, low lanquage dependent auditory
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signals (Lasky & Katz, 1983). Musiek, Gollegly, and Ross
(1985), were able to report five central auditory test
profiles of learning disabled children. These tests
suggested a differential etiology amongst the children. 1In
two cases, the tests were sensitive to active neurological
disorders (eg. absence seizures or petit mal); another case
was determined to represent interhemispheric processing
problems; the last two showed a neuro-developmental
etiology. Had psycholinguistic tests been used instead of
audiological, these children might have obtained a
superficial uniform profile.

Some important principles that guide diagnostic test
construction were delineated by Willeford & Billger-Burleigh
(1978, based on Jerger, 1960), and Keith (1988). The first,
is ’‘the principle of redundancy’, that is, there is a lot
more information in the speech signal than is required for
intelligibility. High redundancy signals facilitate
understanding of speech and are insensitive to lesions of
the CANS. Therefore, diagnostic testing must have
redundancy reduced speech. This can be done by filtering,
time~compressing, and lowering the signal/noise ratio of the
speech stimuli. Another principle is the ‘subtlety’
concept, that is, the higher up the CANS the location of the
lesion or defect the greater the test sensitivity that is
required. A third concept Keith discusses is the

‘bottleneck principle’. According to this principle,

72



‘neural congestion’ occurs at the eighth nerve and brain
stem, therefore subtle CANS defects before and beyond the
bottleneck will not affect speech discrimination ability.

Audiological tests can be divided into two major
categories: those involving physiologic measures such as
brain-stem response and auditory reflexes, and those
requiring a behavioural response. Most of the controversy,
mentioned earlier, regarding CAPD and its assessment
revolves around the latter. Behavioral tests generally are
of the following paradigm: monotic, one stimulus is
presented to one ear at a time; diotic, one stimulus is
presented to both ears; or dichotic, two different stimuli
are applied at the same time to both ears. Binaural fusion
refers to tests that apply portions of unintelligible speech
at the same time to opposite ears. Each paradigm was
designed to assess a specific process of the CANS.

Tedeschi (1984) identified five basic areas that are
considered vital in CAP evaluation: 1. Selective listening
refers to the ability to concentrate and maintain attention
on a task, and is also used to assess auditory memory.

2. Binaural separation is the ability to attend and
integrate information presented to one ear while ignoring
signals presented to the other at the same time.

3. Binaural integration refers to the ability to combine
different information presented to each ear at the same

time. 4. Temporal sequencing is the ability to recognize
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the correct sequence or order of signals, and 5. Inter-
hemispheric interaction assesses the communication between
the two hemispheres and the integrity of the corpus
callosum. In order to ensure that all processes are
evaluated it is strongly recommended that a battery of tests
be applied (Katz & Wilde, 1985; Musiek, 1985; Musiek et al.
1985; Gerber & Mencher, 1985; Ivey & Willeford, 1988).

Despite the seemingly straightforward safeguards and
principles followed in the construction and use of
audiological tests, the assessment and management of CAPD in
the pediatric population is highly complex. Matkin (1990),
warns of the following pitfalls: an assumption of cause-
effect relationship, attempting to interpret CAP test
results without knowledge of the child’'s overall
developmental level, an assumption that available tests have
equivalent sensitivity and psychometric soundness, and
limiting interpretation of results to diagnosis without
consideration of an intervention plan. He adds, however,
that CAP testing and language testing do not assess the same
skills, and despite the difficulties, it is vital to uncover
the problem so that remedial services are given.

CAP testing is generally considered difficult because
of influence from variables such as age and intelligence.
The presence of conductive and/or sensory-neural peripheral
hearing loss, use of drugs, and linguistic background may

also lead to erroneous interpretation of test results and
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CANS function status (Katz & Wilde, 1985; Keith, 1988). The
linguistic background factor is especially noted because
many audiological tests used in the USA and Canada at
present were standardized on English L1 children. Although
some were translated into Spanish and French, the English L1
standards are used in determining problems.

In his Screening Test for Auditory Processing Disorders
(SCAN) in children Keith (1986) states: "...examiners should
use caution when interpreting the scores of children from
homes where English is not spoken or where the child uses
English as a second language". The caution about ‘English
as a second language’ (ESL) can be found in many speech,
language, and audiology tests. Nonetheless, the L2 child’s
performance on these tests is often used to form diagnoses
of ’‘disabilities’. These are formed despite the possibility
that the L2 child’s difficulties may reflect symptoms
characteristic of learners in the midst of sorting out the
L2 code, and in the process of learning to use the code
appropriately in an academic environment. Appropriate tests
are therefore difficult to find.

The linguistic background factor, however, has mainly
led to the exclusion of L2 children from CAPD investigation.
This is evidenced by the lack of tests that are normed on
such populations, despite the undeniable existence, in
English lanquage schools, of millions of children for whom

English is not a native language. CAPD testing is not
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normally pursued when L2 children experience academic
distress. They are mainly sent for intelligence testing
(Cummins, 1980, 1984, 1989), often, followed by special
education placement (Cummins, 1984; Good-Erickson, 1985).

The preferability of using audiological tests in
assessment of CAPD hinges on the claim that these tests
"...minimize the dependence on linguistic talents and
exercise the necessary test protocols that will permit
assessment of the balance and strength of the CANS"
(Willeford & Burleigh, 1985, p.97). If this is the case
then how much English need a child know before it is
determined that she is ‘proficient’ enough to benefit from a
CAPD assessment? Katz and Wilde (1985) note that more than
75% of children with learning disabilities were found to
have demonstrated ‘auditory channel’ deficits, and that
these were first noted and suspected by their parents and
teachers.

Given this significant number, it is at least plausible
that bilingual children who are having difficulties in the
language acquisition process and academic achievement may be
affected by a CAPD rather than by their languages.
Researchers emphasize that the goal of audiologic assessment
is to identify defective processes so that appropriate
therapeutic plans can be initiated (Tedeschi, 1984; Matkin,
1990; Friel-Patti & Finitzo, 1994). Obviously, to date,

English monolingual children in North America have a great
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advantage over minority language children, given that the
audiologic test batteries were almost exclusively designed
for them.

Katz and Wilde (1985) state that the purpose of
evaluation is the identification of areas of auditory
deficits that can explain the child’s problems in the
classroom. As they note, "The finding of a dysfunction
which can reasonably be associated with the auditory
difficulties the child is having can be therapeutic by
itself" (p.667). This is so because it provides parents and
teachers with a reasonable explanation for the child’s
seemingly bizarre behaviors (often labeled as
‘misbehaviors’). Using the identification-recommendation
approach, educators and clinicians attempt to intervene
directly by altering the child’s listening environment.
This approach is based on the premise that there is a direct
relationship between CAPD and the ability to perform
academically. The recommendations that accompany this
approach are designed "...to modify the acoustic and visual
environments by reducing background noise, increasing the
loudness and clarity of the primary messages and maximizing
the non-auditory cues" (p.667). The recommendation of
control of the acoustic environment, coupled with the
recommendation for altering teaching style, constitutes the

basic approach to management of the CAPD child in a
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classroom (Clark, 1980; Edwards, 1990; Keith, 1986; Matkin,
1990; Musiek, 1985; Willeford & Burleigh, 1985).

However, as Hétu, Truchon-Gagnon, and Bilodeau (1990),
note in the study of noise in schools, there are no
guidelines in the construction of school settings that
effectively deal with noise control. As a result, they
found that "...the acoustic environment in school settings
is far from ideal". This indicates that it may be
unrealistic to expect a change in the child’s acoustic
environment solely on the basis of a recommendation. In
addition, as Matkin (1990), Armour (1990), and Edwards
(1990) note, many teachers resist changing their teaching
style. Given the above, it may be more realistic to
‘modify’ the child rather than his human and acoustic
environment. For example Sloan‘s (1986) and Tallal’s et al.
approach (1996) to intervention with CAPD, and specific
language impaired children respectively, is comprised of
auditory training for improvement of speech sound
discrimination skills. Sloan’s program is based on an oral
delivery of CV syllables containing speech sound contrasts.
The Tallal, et al. program is an interactive computer based
auditory training with a built in temporal variable. That
is, syllables are presented in slowed speech mode and as the
child’s ability to discriminate speech sounds improves,
syllables are progressively shortened temporally, until the

child is able to discriminate sounds in normal speech rate
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presentations. Bacon (1992) on the other hand, recommends a
combination of classroom management and improvement of
auditory skills as an appropriate management program for
children with CAPD.

Feuerstein, (1980) found through extensive work with
children that the cognitive-perceptual deficiencies which
they exhibit are reversible. According to Feuerstein
(1980), there are two principal learning modalities,

1. Learning through direct exposure. This occurs through
immediate and direct contact with environmental stimulation.
Spontaneous manipulation and chance encounters are
sufficient for a modification to occur. 2. Learning through
mediated experience. Feuerstein (1980) arques that the
latter is the key to altering the above deficiencies.

He defines the mediated learning experience as "... the
interactional processes between the developing human
organism and an experienced, intentional adult who, by
interposing himself between the child and external sources
of stimulation, ’'mediates’ the world to the child by
framing, selecting, focusing, and feeding back environmental
experiences in such a way as to produce in him appropriate
learning sets and habits" (p.71). In this process learning
does not depend on chance confrontation with objects, ideas,
etc., but on the adult’s intervention in making the child

focus on and/or manipulate them.
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He points out that in the mediated learning process,
intentionality on the part of the mediator rather than the
language and content of the activity is important. Mediated
experience, for those that don’t learn well by direct
exposure is highly beneficial and is a prerequisite to
effective independent, and autonomous use of environmental
stimuli by the child.

Dollaghan (1990) states that the role of the ciinician
in the intervention process is as a preprocessor. This too
is based on a 'mediated experience’ approach. The CAPD
child needs mediation or assistance because he or she does
not have an isolated problem, but a multi-faceted one which
has repercussions in multiple areas and aspects. The role
of the preprocessor, she believes, is to circumvent
processing breakdown: facilitate encoding and storing
relevant information by manipulating the auditory signal,
manipulating the linguistic signal, and manipulating the
link between the signal and the situation.

The use of Feuerstein’s and Dollaghan’s intervention
approach combined with Feuerstein’s (1979) approach to the
investigation of the integrity of each phase of information
processing, may provide a model for intervention with CAPD
children that allows for individualization of the
remediation program. This may better prepare them in their
attempts to master their environment, and to make ‘sense’

out of 'nonsense’.
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Keith (1985, 1986) states that it is vital to view
developmental auditory processing disorders as "...part of a
continuum of problems... that are more or less important to
children’s academic and social achievement and to their
general emotional adjustment” (p.4). The model that he
suggests not only considers that CAPD can result from
different etiologies (neurologic disorder, cerebral
morphological abnormalities, and neuromaturational lag,
Musiek, 1994, p.257), but that school achievement is
affected by a myriad of variables, all of which should be
considered in evaluation and treatment design. His model
emphasizes that CAPD requires an interdisciplinary approach
so that all the child’s needs are met. Indeed, the
complexity of CAPD and its ability to impact on the child in
many possible ways warrants the highest level of care, i.e.,
an interdisciplinary management approach for both
diagnostics and therapy.

As Keith (1985) notes, there are many questions in the
area of CAPD that require answers. These gquestions
encompass issues in research, test design, assessment, and
remediation. Matkin (1990) too notes the need for more
research, but above all, he emphasizes, an acceptable
definition must be formulated. A definition may, after all,
end the ‘war-of-the-words’ amongst the different disciplines
that have a vested interest in the child with communication

problems: CAPD is a memory problem versus CAPD is a
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language problem versus CAPD is an attention deficit, and so
on. The issue is not whether CAPD exists, but rather its
appropriate definition and the construction of an
explanatory theory.

In summary, a CAPD may act as an occult (as used in
medicine: e.g. occult cleft palate & occult spina bifida
refer to defects that are hidden from direct view but are
inferred from behavioural observations) variable in
linguistic and academic underachievement in the English
monolingual child. And yet, an extensive literature review
in this area revealed a serious neglect of the minority
language child whose language and academic development may
similarly be affected by the presence of a CAPD.

The glaring lack of research of CAPD in minority
language children results simultaneously in their exclusion
from the benefits of identification of this disorder and
subsequent appropriate interventions, and in the
perpetuation of the myth of the handicapping condition of

bilinguality.

2.4 Research Goals & Rationale

The importance and indeed the usefulness of determining
the presence of CAPD in academically at risk children for
whom English is a first language has been well established.

The present study is designed to explore the usefulness of
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the CAPD construct in the investigation of minority language
children’s academic distress.

The use or application of assumptions and paradigms
from investigations of monolinguals within a bilingual
context is not novel (for example, Vasos, 1983, p.33).
However, the specific use of the CAPD construct and the CAP
evaluation paradigm in the investigation of the bilingual
population has not been reported to date. Such an
investigation may aid in determining not only the usefulness
of the construct but also the applicability of the CAP
evaluation tools for this group.

The variables most often used to explain the L2 child’s
academic performance are socio-economic and minority or
second-language status. However, the human central auditory
processing instrument transcends language. It is reducible
to the structures and mechanisms of processing that are used
to access any language system or systems. Oral language
acquisition or communication is an auditory event, and since
difficulties in this modality impact on the L1 child, it is
logical to conclude that these difficulties can also affect

the L2 child.

Variables noted in the investigation of CAPD children.

Smoski, Brunt, and Tannahill (1992) note that in
children who exhibit unexplained academic problems, it is

their listening behaviours that alert parents and teachers
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to a possible disorder with a consequent referral for a CAP
evaluation (p.145). The researchers used a questionnaire
type scale to collect information from teachers about the
listening behaviour of children with a diagnosed CAPD.

Since listening behaviour was found to be an indicator for
CAPD in L1 children, it is important to establish whether it
is also an indicator for L2 children.

Further, Smoski et al. (1992) found that in L1 children
exhibiting a CAPD, academic performance was not a good
indicator for this problem since only 50% were reported as
functioning below grade level. Moreover, teachers referred
children for CAPD assessment even though they were not
exhibiting markedly different academic achievement from
others in the classroom. Their school performance ranged
from failure to better than average. Reading was the only
area, the researchers found, that was implicated in at least
half of the CAPD children, and these were the same ones who
failed at least three out of the four CAP tests. This
finding may point to a relationship between CAPD and reading
ability. Because the educational case histories completed
by the teachers were quite general in nature, no information
was provided as to what aspect of reading was most affected.
More information on the nature of the reading problem may
contribute to the pool of indicators that signal the

presence of a CAPD.
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Interestingly, it was not academic problems but rather
concern over the children’s listening behaviour that
prompted these teachers to refer them for assessment.
Achievement, then, does not seem to be affected all the
time. Nonetheless it does not rule out the possibility that
the CAPD child may be achieving academically at a great cost
of extended effort, that is, the achievement may be
disproportionate to the amount of effort invested by the
child.

In the CAPD Ll child’s situation, for example, the
presence of an ideal environment for language development,
that is, the presence of parents who are native speakers of
the school language-of-instruction, and who provide
comprehensible input in an ideal listening environment, may
‘prevent’ or head-off immediate academic achievement
problems. However, it may not prevent them from arising
later on when the situations are not ideal and the ‘academic
pressure’ is on.

As the academic demands are increased, the child’s
tolerance threshold may be reached, and finally the child
will demonstrate academic distress. This may not be reached
until late elementary or high school, for example. The fact
that some CAPD children do not exhibit academic problems may
be due to the fact that the challenge is not sufficient at

the time of evaluation.
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The question for each CAPD child is how much pressure
he or she can tolerate in the educational setting before a
problem becomes salient or evident, or how much the child
can compensate for the CAPD. Information from the
educational case history about academic standing may provide
a clearer view of the child’s academic life. The degree of
effort may be expressed in some emotional-behavioural terms,
and these may be indicated in scales designed to measure or
provide insight into the child’s emotional-behavioural
development.

Cantwell and Baker (1991, p.xii) found, for example,
that speech and language development influences all other
developments including emotional and behavioural, and that
children with speech/language and learning disorders are at
risk for the development of psychiatric problems. They note
that these children showed high rates of attention deficit
disorder with hyperactivity (ADHD), a psychiatric disorder.

This disorder is defined by DSM-III (American
Psychiatric Association, 1991), a manual designed to provide
operational definitions of adult and childhood psychiatric
symptoms, their classification, and specific diagnostic
criteria for each category. It is important to establish
whether children with a CAPD diagnosis would also exhibit
this psychiatric disorder.

In addition, L2 children have the disadvantage of not

having the instructional linguistic instrument available tc
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them in the same way that it is for L1 children: from birth,
in all contexts, and in equivalent quantity. Therefore, it
can be said that for the L2 child the acquisition process of
the language of instruction does not occur as ’‘ideally’ as
for the L1 child. Consequently, the impact of a CAPD may be
greater on the actual acgqguisition of the L2 instrument, that
is, the learning of the L2 may be affected, and as a result
its impact on the child’s academic life may be evident much
sooner than for the L1 child. The question that arises from
this is whether CAPD is related to L2 acquisition and
whether it may be a predictor for academic achievement in
the L2 population.

The Smoski et al. (1992) study alerts us to the
possibility that there are children who exhibit the presence
of CAPD and no appreciable impact on academic performance,
and there are those whose academic achievements are
drastically affected. The investigation of what variables
are different between these children and what variables are
shared is another issue that needs to be addressed.

If academic performance is not the obvious variable
that teachers use to pick out the CAPD children in the Ll
group, the question of pinpointing what combination of
factors the teachers use to pick out these children in the
L2 population needs to be answered. The teacher’s concern
with the child’s listening-attention behaviour may be an

identification of a precursor to academic distress.
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In the L2 population, the impact of different languages
may be expressed in terms of the patterns of performance,
and the patterns may be different from those in the L1
population. An examination of case histories is also of
interest as it may contain early indicators or predictors of
academic or linguistic performance. For example, grade
retention history may show a long-standing problem. Also,
the possible contributing role of Otitis Media to occurrence
of CAPD has been mentioned. It is therefore interesting to
establish whether OME is salient in the L2 child’s
audiological history.

Lastly, because the audiological instruments which are
currently used to determine CAPD were standardized on L1
populations, it is not known whether the test norms are
meaningful when applied to the L2 population. Also, some
instruments, e.g., the Staggered Spondaic Word Test (SSW)
(Katz, 1991) are used to distinguish subtypes of CAPDs. The
importance of identification of CAPD subtypes, notes Katz,
lies in its utility as a gquideline for remediation. The
ability of the instrument to classify L2 children must
therefore also be determined.

The question of how a CAPD is recognized in an L2 child
is crucial. The ultimate objective is to discover the
answer to this question because it pertains to or approaches

the problem from the point of view of clinical utility.
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Research guestions.

The determination of what makes up a CAPD in the L2
population requires that the variables noted in the previous
sections be addressed. The following is the theoretical
question that this study is designed to answer: 1Is CAPD a
useful construct in the investigation of L2 children’s
academic distress?

There are three sets of major research questions. The
first deals with the performance of L2 and L1 children on
audiological tests:

l. How does L2 children’s performance on Central Auditory
Processing Tests (CAP) compare with test norms (obtained
from L1 populations), and how does an L1 sample drawn from
the same educational system as the L2 group perform on these
tests?

2. Do the L1 and L2 samples show different severity levels
and subtypes of CAPD?

The second set of questions deals with educational
distress variables (EDVs). These are comprised of the L2
and the L1 children’s performance in the areas of oral
language, basic reading skills, reading comprehension,
listening, psychosocial variables, and class performance:
3. How do L2 children and L1 peers (drawn from the same
school system) perform on the EDVs: oral communication,

basic reading, reading comprehension, listening,
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psychosocial-behavioural measures, and class performance
tests and instruments standardized on L1 populations?
4. How do the two language groups compare to each other on
the EDVs?

The third set of questions examines the relationship
between CAP performance and performance on EDVs.:
5. 1Is CAP performance related to performance on EDVs (oral
language, basic reading skills, reading comprehension,
listening, psychosocial behavioural, and class performance)
in the L1 and L2 language groups: a. Can CAP severity be
predicted from performance on EDVs? b. Can CAP subtype be
predicted from performance on EDVs?
6. Does performance on the EDVs permit the clustering of
children with similar profiles?
7. How are language group membership and EDV performance
cluster related to CAP severity?
8. Are EDV performance clusters associated with specific
CAP subtypes in the L2 and the L1 language groups?
9. What are the performance profiles of L2 and L1 children
with low CAP performance, and what are the profiles of those

with high CAP performance?
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CHAPTER 3

3.1 Overview

METHOD

Two samples of elementary school children, an L2 and an

Ll group, from the same school system were assessed by an

audiologist, a speech-language pathologist (SLP), their

classroom teachers, and their parents. The assessment

included measures of the major variables believed to be

associated with or influenced by the presence of a CAPD.

Both standardized tests and rating scales provided the basic

data on which statistical analyses were performed. The

variables are summarized in Table 3.1.

Table 3.1

Study Variables

Screening

1. Nonverbal Cognitive Ability

2. Peripheral Hearing

Grouping

1. L1= Mother’s Ll English
2. L2= Mother’s L1 Italian

Audiology

1. CAPD Severity
2. CAPD Subtype

Educational Distress

1. Oral language

2. Basic Reading

3. Reading Comprehension

4. Listening

5. Psychosocial-
Behavioural Variables
(home & School)

6. Class Performance

91



Statistical analyses reported in the Results section
used the grouping depicted in Table 3.1, and the basic data
provided by measures of the Educational Distress Variables

(EDVs) and the audiology tests.

3.2 Pparticipants

School selection.

The participants in this study were 116 elementary
school children, aged 8;0 to 11;11, in grades 3-6 inclusive,
from the English sector of the CECM. The main vehicle for
education and literacy in these school is English. However,
French is taught from Kindergarten on a daily basis either
as a second language or as part of a bilingual program where
a quarter of a day in Kindergarten and one half of a day,
from grade one, is conducted in French only. 1In the first
three years, oral language comprehension and expression is
emphasized in French, and literacy is not taught officially
until grade three.

Since literature review for this study indicated that
SES is associated with difficulties in many aspects of a
child’s development, children were drawn from six CECM
schools that were not designated as belonging to the ‘inner
city'’ category, and were therefore NOT part of the ’Project
Renewal’ program (schools that receive additional funding
from the Montreal Island Council because of their

populations’ low SES and inner city status).
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Student selection.

The students were selected for the study from the
school population according to the following procedures.
Language variable: The selection of the children in this
study was based on whether English was the child’s mother
tongue (Ll) or second language (L2). This identification
resulted in two language samples: an L1 and an L2 sample.
In order to control for undesirable variability, and because
children of Italian background constitute a majority in the
English sector, only children whose mother tongue belonged
to any variety of Italian were included in the L2 sample
(for an in-depth description of the Montreal Italian
community and its socio-politico-educational history see
Taddeo & Taras, 1987).

Mother tongue was operationally defined as (1) the
language the child’s mother reports as her mother tongue and
(2) the use of her mother tongue at home and with extended
family (including mixing of mother tongue and any other
language); Italian therefore was the mother tongue for the
L2 sample, and English for the L1 sample. This operational
definition was based on the assumption that young children
spend a considerable portion of the time communicating with
their mothers.

Information regarding the children’s mother tongue was
taken from a consent form, completed by the parent (see

Appendix A & B). In cases where the information was not
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clear, school records and telephone interviews were used to
make the necessary determination.

The L1 sample included children who are ‘bilingual’.
That is, they may use another language, for example, French,
in some social contexts. Nonetheless, by the operational
definition, their mother tongue is English, as is the
language of instruction.

Cognitive Ability: All prospective participants in the
study were tested for general cognitive ability. This
screening procedure was used to rule out the possibility of
an underlying cognitive weakness (expressed by an IQ that is
below the norms) that may be the major contributing factor
to poor performance on other measures.

In order to avoid possible effects due to poor auditory
system efficiency and lanquage proficiency, a non-verbal
test was selected. The Test Of Nonverbal Intelligence
(TONI; Brown, Sherbenou, & Johnsen, 1982) is described in
Appendix C. This test has a mean of 100 and a standard
deviation of 15. Children who showed a score greater than
85 on the test were selected as candidates for participation

in the study.

Lanquage dgroups.

Children who were selected for participation and
successfully fulfilled the requirements of the cognitive

screening were then evaluated in audiology, in speech-
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language pathology, and by teachers and parents. Complete
data were obtained for a total of 116 children. The L2
language sample included 71 participants: 35 boys and 36
girls. In the L1 language group there were 45 participants:
21 boys and 24 girls. Table 3.2 shows their age
distributions.

Table 3.2.
Age distribution in the 12 and L1 samples

L2 (N=71) Ll (N=45)
Age Number Percent Number Percent
8;0 - 8;11 18 25 9 20
9:;0 - 9;11 21 30 17 38
10;0 - 10;11 27 38 15 33
11;0 - 11;11 5 7 4 9

Note: L2=Italian mother tongue, L1l=English mother tongue,
N=total group size.

3.3 Audiology

Apparatus.
1. The Welch-Allyn 23300 audioscope was used for the cursory

nondiagnostic otoscopic examination. This is to verify that
the ear canal is free of debris and that the ear drum is

visible and intact.

2. The Tracoustics single-walled Acoustical Enclosure RS-
143-B (serial #7631) was the booth in which the children

were tested. The audiometric suites consist of the control
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and examination rooms forming a 2-room suite. Noise
reduction from outside to inside either room corresponds to
ANSI (1991, S3.1) measured standard attenuation regulations;
control room to examination room noise reduction

approximates standard double wall attenuation regulations.

3. The Amplaid 720 Immittance bridge was used to assess
middle ear impedance and acoustic reflex function.
Acoustical Immittance is a method for investigating the
status of the middle ear system. A lack of compliance of
the ear drum can indicate the presence of fluid in the
middle ear cavity. Tympanometry is designed to reveal
abnormalities of the structures and function of the middle

ear.

4. The Madsen, Micro-5, diagnostic audiometer calibrated in
accordance with ANSI (1989, S3.6) before the collection of
data was used to present test items to the children via TDH
39 earphones with MX-AR/41 cushions. The speech reception
threshold and word discrimination tests were administered
live voice using this system. The central auditory
processing test battery (SSW, SCAN auditory figure-ground
subtest, & DDT) tape-recorded test stimuli were presented
through the audiometer and a Technics RS-TR515 dual channel
stereo cassette player. The CAP tests’ stimuli were

presented at 50dB SL (50 dB above the individual child’s
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puretone average across the frequencies of 500 - 2000 Hz for

each ear).

Tests.
Air Conduction: Air conduction is a process by which sound
is conducted to the inner ear via earphones. The audiometer
produces pure tones of specified fregquencies which are
presented at various intensities. Hearing thresholds (the
softest level at which sound is detected 50% of the time)
are then plotted on an audiogram, and hearing acuity is

determined for each ear separately.

Speech Reception Threshold: Spondaic words (bisyllables with

equal emphasis on both syllables) were presented at 50d4dB HTL
in each ear and then the intensity level for presentation
was decreased in increments of 10dB until the level at which
the child could respond correctly 50% of the time was
determined. This constituted the speech reception

threshold.

PBR-50 Word Lists for Word Discrimination Test (WDS}: The

PBK word lists (Davis, Silverman, Reynolds, Eldert, &
Benson, 1952; Egan, 1948; Goetzinger, 1972) were used to
assess speech discrimination. It consists of phonetically
balanced monosyllabic words, that is, phonemes occur in this

test in the same percentages as in normal spoken or written
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language. The child must repeat the words which she or he
hears. The test is given at 40dB SL under earphones in
quiet (figure is salient, background is quiet) and in
ipsilateral noise (white noise at a signal-to-noise ratio of
+10dB). The number of correctly repeated words is
calculated and expressed in a percentage. The Katz (1994,
1996) norms were used to define normal versus abnormal

performance in both quiet and noise listening protocols.

Screening Test for Auditory Processing Disorders: The

auditory figure-ground subtest of the SCAN (Reith, 1986), a
speech-in-noise task, assesses word discrimination
competence in a noisy environment. Monosyllabic words and
background noise were presented simultaneously to the same
ear at 50dB SL. The background noise consists of
spontaneous speech babble such as may be found at an
informal or party style gathering, and no single speaker or
message is identifiable in the noise. The speech-to-noise
ratio in this subtest is +8 dB which indicates that speech
(figure) is 8 dB more intense or louder than the noise
(ground). In testing, the child is required to repeat each
word accurately. The number of correct responses is then
calculated for each ear and then combined to produce a total
subtest score. This yields a raw score which is then

converted to a standard score and a percentile rank. The
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SCAN has age-rated normative data from three through twelve
years, zero months.

Performance on this task helps differentiate between
children with an attention-deficit-disorder (ADD) and those
with a CAPD. According to Keith (1986), ADD children
invariably have no difficultf with this task, while children
with poor language and learning performance show an
inability to listen to the signal in this condition. Katz
(1991), on the other hand, also notes that children who show
fading memory problems also tend to have poor figure-ground
scores. Katz suggests that this phenomenon may be due to
the fact that both functions are located in the same neuro-

anatomical region.

Dichotic Digit Test (DDT, Musiek, 1983a, 1983b, 1991). The
DDT is composed of naturally spoken monosyllabic digits from
1-10 with matched onset times that are within 70 msec.
Number seven was therefore excluded. Because it deals
strictly with digits, it is considered a minimally language
dependent test. The test consists of two options: listening
to 20 single digits delivered to both ears simultaneously,
or listening to 20 dichotic pairs (double digits) delivered
to each ear.

The digits were administered at 50dB SL. Another
option is the use of the pure tone average or 1000 Hz

threshold. 1In testing, the subjects were required to repeat
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all the digits they heard, and were encouraged to guess when
uncertain. They were told that the order in which they
report the digits is unimportant. They were given as much
time as needed to respond to each trial. A percentage
correct score wass calculated for each ear and for each test
protocol. This allowed for inter-test and inter-ear
comparisons. The DDT test provides both adult and child
norms (from age 8 years) for comparison of each individual

SCore.

Staggered Spondaic Word Test (SSW, Katz, 1987): This

dichotic listening test requires accurate repetitions of 40
spondaic words (words consisting of two long syllables, e.g.
raindrop). Spondees were chosen because they were found to
be practically perfectly intelligible, even when close to
the child’s or adult’s speech thresholds and when word
discrimination scores were reduced. The presentation level
was 50dB SL, and the SSW child norms were applied for
comparison of each individual score. See Appendix D for a
complete description of this test, including the

classification of CAPD subtypes.

3.4 Educational Distress Variables

Tests.
Oral Language: This was measured by two tests: Test Of Oral

Langquage Development (TOLD-I 2, Hammill, & Newcomer, 1988),

100



and The Listening Test (Barrett, Huisingh, Zachman, Blagden,
& Orman, 1992). The first was chosen because it provides
discrete measures of language components, and the other
because it assesses integrative oral language skills which
resemble those required in a classroom. These tests are

described in Appendixes E and F.l respectively.

Reading Ability: This variable was assessed by the Woodcock
Reading Mastery Tests, revised (WRMT-R, Woodcock, 1990).
The subtests used in this study, their administration, and

scoring tools are described in Appendix G.

Scales.
Listening Ability: This was measured by the Children’s
Auditory Processing Performance Scale or CHAPPS (Smoski,
Brunt, & Tannahill, 1992). This questionnaire type scale is

shown in Appendix H.

Class Performance: The SIFTER: a Screening Instrument For

Targeting Educational Risk was used to measure this
variable. This instrument, developed by Anderson (1989) is

described in Appendix I.

Psychosocial-Behavioural Variable: (home and school) This

was assessed by the Conners’ teacher rating scales (CTRS-

39), and the Conners’ parent rating scales (CPRS-48)
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developed by Conners (1989). The scales and their scoring

are described fully in Appendix J.

3.5 Procedure
Selection of children. -

Selection of the children for the study began with the
distribution of letters seeking parental consent (Appendix A
contains a sample of the letter). The response to the first
letter appeared to have encouraged the participation of
children who were experiencing academic difficulty. A
telephone interview with the parents confirmed this
observation. 1In order to ensure that the total sample of
children had a wide range of academic achievement, a second
selection of children was made. The second selection was
based on the children’s successful performance on a
screening task. In this task (Pesiri, 1986) the children
were asked to select, from a choice of three words, the one
that ‘goes with’ a set of two given words. I found that
this semantic-cognitive written task , which I named "The
thinking test" and used for group administration, asissted
in identifying the lowest academic performance group in
grades 3-6 inclusive (administration time average is 20
minutes). Prior to task administration, the class teacher
was asked to name the children he or she felt were

experiencing academic difficulties. The lowest scoring
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children on the task almost always corresponded to those on
the teacher’s list.

My confidence that the task could identify students
with the poorest academic performance was based on several
hundred scores gathered in my work as a school SLP over a
three year period prior to this study. Further evidence
that this task was useful as a screening instrument came
when the principal of a school, (not one of the six schools
selected for this study) after several hours of observation
in a third grade class in which the task had been
administered the previous week, compiled a list of children
he felt were exhibiting difficulties that warranted further
examination. His list matched the lowest scoring group
identified a week earlier (the task actually identified one
more child). The teacher’s list also matched the task and
the principal‘s list.

After the ‘thinking test’ was administered in grades 3-
6 in the designated schools for purposes of selecting
participants for this study, I selected the children with
the highest scores. In addition, I required that the
teacher agree that the students exhibited no academic
difficulties. Parental consent letters were then sent to
the parents of these children. Appendix B contains a sample
of this letter which emphasizes that the child successfully

completed the screening task.
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Both parental consent letters noted that the researcher
reserved the right to select the children from amongst those
who wished to participate. This stipulation was included
because it was essential to remove from the sample any
students whose poor academic performance could be attributed
to below normal cognitive ability.

Each participating child was tested individually by the
speech-~language pathologist (myself) at the child’s school,
and by the audiologist at the audiology clinic. When a
child had been selected, I contacted the parent by
telephone, and provided the name and telephone number of the
audiology clinic and contact person, so that an individual
assessment appointment could be arranged. Transportation to
the clinic on appointment day was offered for those parents
who required it. However, none of the parents asked for

transportation.

Audiology data collection.

Each child was accompanied by a parent (in most cases
it was the mother, but in some cases both parents were
present at the time of testing. In one case a step-father,
a legal guardian, accompanied the child). A standard
audiology case history, described in Appendix K, was
completed by the parent prior to the child's evaluation in

audiology, or at the audiology clinic while the child was
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being evaluated. The completed case history form was
collected from the parent at this time.

Prior to the evaluation the child was given an
explanation of the equipment and procedures that would be
used, and was told that the evaluation required
approximately one hour. Next, an otoscopic exam was
performed to verify that the ear canals were not obstructed,
and acoustical impedance was administered to assess middle
ear function.

The child was then seated in a sound proof room.
Standard audiometric technigques were employed for pure tone,
speech reception threshold, and word discrimination tests to
determine the status of the peripheral hearing mechanism
(Katz, 1985). Each of the CAP tests was administered
according to its standard test administration techniques.
Both the peripheral and the central assessment was achieved
using the apparatus and tests described earlier.

All central auditory measures were obtained in a 30
minute session immediately following the hearing testing.

In order to avoid fatigue, habituation, and practice
effects, the order of presentation of test materials was
counterbalanced. All test scoring was performed by the
audiologist. Results were not given to me until I had

completed all remaining testing.
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Speech-lanquage pathology data collection.

Prior to testing in each school, I met with the
teachers who had the selected participants in their
classrooms and briefly described the study and the
procedures that would be followed. Each teacker was given
an approximate date on which her class would be visited.

I tested each child individually in a quiet rcom at the
child’s school. Testing lasted from approximately 90 to 120
minutes. Prior to testing, each child was given the option
of a short break from testing, for stretching, water, or
bathrocm needs, at the end of each test. In order to reduce
anxiety, a pleasant tone of voice that denotes an atmosphere
of ease was adopted in all communications with the child.
The three standardized tests (the two language tests and the
reading test) were administered in a random order to avoid
possible order effects in test performance. All
instructions to the child were given according to each
test’s administration protocol. A file containing a check
list for all test forms and questionnaires was opened for
each child. As each test was completed, the item was
checked off.

At the end of testing, each child was given a package
for the teacher which consisted of a form of the SIFTER
(Appendix I), the CTRS (the teacher’s Conners’ scales in
Appendix J), and the CHAPPS (Appendix H). A note was

attached to the package informing the teacher that if he or
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she needed time to complete these forms, I would be
available to stay with the entire class for 20 minutes per
package (some teachers were asked to complete forms for as
many as five children from their class) so that the forms
could be completed within the teacher’s class time.

The child was also given a package for the parents
which consisted of the audiology case history, and the CPRS
(the Conners’ parent scales in Appendix J). A note
informing the parents that I would be calling to ask about
the audiology testing appointment date, and asking them to
inform me when audiological testing was completed, was
attached to the package. This was to ensure that the
audiology appointments were actually made and kept. Notes
were made in the child’s file that the packages had been
handed out.

All scoring of the standardized tests was completed by
me manually as well as with computer assisted programs
designed for the TOLD (Hauger, 1988) and the WRMT (Hresko, &
Schlieve, 1986). As well, I collected and scored all forms
containing the questionnaires and rating scales for each
child, completed by the parents and teacher. At the end of
testing, I obtained for each child all the academic records
from Kindergarten to the year and semester in which testing
took place. All test forms, parent and teacher
questionnaires, and copies of school records were added to

the child’s file, and the items were checked off to show
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that these tasks were completed. As well, when the parents
informed me that the audiological testing was completed, a
check was made in this file. This system of storing test
results and information helped me greatly in ensuring that I
had complete data for each participant. These procedures
were followed in each school before I moved on to another
one.

Directly after testing was completed in each school,
the participating teachers, the school principal, and the
school secretary were invited to a lunch offered by me, and
were given a T-Shirt which I designed with the logo ‘All
Children Can Learn’ written on it.

I summarized all SLP test and questionnaire scores, for
each child; the child’s name, school, grade, age, gender,
and language group membership (Ll or L2) was noted at the
top of the sheet. When audiological testing was completed,
a summary sheet with all test scores was completed for each
child and both the SLP and the audiology summaries were
placed in each child’'s file.

When all testing was completed, a reliability check was
performed on all the files by a speech-language-pathologist
associated with another university (McGill) to ensure that
all files were indeed complete, test forms properly scored,
and that the selected files actually contained all the

required information and the resulting data.
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Procedure for data analysis.

Quantitative as well as qualitative analyses were used
in the data analyses. The quantitative analyses consisted
of descriptive as well as inferential statistics. The
relationship between CAP test results and academic distress
variables was examined by multiple regression analyses.

In order to determine whether CAPD tasks are able to
distinguish between L2 children with noted academic
difficulties and those without such problems, and because a
major purpose of this study was the profiling of L2 children
with CAPD, cluster analysis (Lorr, 1983; Skehan, 1986, 1989)
followed by discriminant analysis was applied in this study.
Klecka (1980) explains that discriminant analysis refers to
several statistical activities that can be viewed as
belonging to either those of ’interpretation’ or those of
‘classification’. The latter is concerned with the
classification of ‘cases’ into the groups that they most
resemble according to some group characteristics (Klecka,
1980; stevens, 1986). Interpretation, notes Klecka, is
concerned with determining how well a ’‘set of
characteristics’ or variables is able to discriminate
between groups, and identifying which of the variables are
the most powerful discriminators (p.9). Both
interpretation and classification applications of

discriminant analysis were used in this study.
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The qualitative analyses comprised multiple embedded
case studies of children from both language groups, with and

without CAPD. Chapter five is devoted to the case studies.
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CHAPTER 4

RESULTS
4.1 Audiology

The results obtained from the audiological

investigations address the general question of how L2 and L1
children perform on CAP tests, and what tests of the CAP
battery contribute most to identification of CAP system
efficiency in each language group. More specifically these
are to answer the following:
1. How does L2 children’s performance on Central Auditory
Processing (CAP) tests compare with test norms (obtained
from L1 populations), and how does an L1 sample drawn from
the same educational system as the L2 group perform on these
tests?

2. Do the L1 and L2 samples show different severity levels

and subtypes of CAPD?

CAP test performance for Ll and L2 children.

Descriptive information, such as means, standard
deviations, and ranges of scores obtained by standard
procedures is reported for each test. Parametric
statistical tests that compare the L2 and the L1 language
samples were performed only on the Staggered Spondaic Words
(SSW) test since it alone is designed to provide information
on level of CAP system efficiency or CAPD severity, and

subtypes. The Bonferroni procedure (Neter, Wasserman, &
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Kutner, 1990; Stevens, 1986), was used to guard against Type
I error (rejecting the null hypothesis when it is true) and
to avoid capitalizing on chance differences between groups
when a number of variables are compared experiment-wise.
According to this procedure, an experiment-wise alpha level
of .05 can be achieved by adopting a probability (p) of .01
(.05 divided by 5 between groups comparisons =.01) for each
of five between language group comparisons.

Nonparametric statistical tests were performed on the
Word Discrimination Test (WDS), the Dichotic Digits Test
(DDT), and the auditory figure-ground subtest of the SCAN
because non-normal score distributions were evident (ceiling
effects were found) in these. The Kruskal-Wallis Oneway
ANOVA or H test was chosen because it is analogous to the
parametric F of the Oneway ANOVA except that it is based on
a between groups sum of squares that is computed on ranks of
scores (Welkowitz, Ewen, & Cohen, 1991). In this procedure
the two groups were combined and the cases ranked. The
ranks were summed for each group and the H statistic

calculated from these sums (NoruSis, 1990, p.221)

Word discrimination tests (WDS).

These yielded percent correct scores for the Right and Left
ears in both quiet and noise conditions for the L2 and the

L1 groups.
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The descriptive results are summarized in Table 4.1.
They include means, standard deviations, and degradation
(drop of performance) from the quiet to the noise condition
for each ear and language sample.

Table 4.1.

WDS_lanquage group means, SDs, and performance difference
scores expressed in percent

QUIET NOISE
Mean SD Range Mean SD Range Differ

L2 (N=71)

Right Ear 96.00 4.73 72-100 76.39 15.45 20-96 19.61
Left Ear 94.48 6.60 76-100 76.96 13.17 36-96 17.52

L1 (N=45)

Right Ear 95.91 4.39 72-100 76.89 10.65 56-100 19.02
Left Ear 96.09 5.01 68-100 79.73 10.32 52-96 16.36

Note. L2=Italian mother tongue, Ll1=English mother tongue,
Differ=Difference between quiet and noise conditions
(performance degradation), Quiet=signal word without noise
background, Noise=signal word with white noise background @
50dB & +10 s/n ratio.

The L2 group range was narrow, and the means, in the
quiet condition for both the Right and Left ears, were well
above the 90% criterion for normal performance as defined by
Katz (1994). The L2 means in the noise condition did not
show a degradation of as much as 20%, and thus also met the
required criterion. However, the range was very wide.

Similar results were noted for the L1l group, that is, the

range was narrow in the quiet condition and wider in the
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noise condition, but not as wide as in the L2 group.
However, the mean scores and the degradation between
conditions for each of the ears were within normal
standards.

The differences between the L2 and L1 in the noise
condition were examined using the Kruskal-wWallis Oneway
ANOVA. There were no significant differences between the
language groups on either the right ear (Chi-Square =.004,
p>.05) or the left ear (Chi-Square=.453, p>.05) on the WDS

test.

SCAN figure-ground subtest.

This subtest yielded results expressed in standard

scores with a mean of 10 and a standard deviation of 3. The
results for each language group are summarized in Table 4.2.
It contains the language group mean, standard deviation, and
a comparison score to show the difference from test mean
expressed in a standard deviation score.

The deviation mean score was calculated by deducting
the language group mean from the SCAN mean (10) and dividing
the remainder by the language group standard error of the
mean. This score is useful in that it allows an instant
view of how far the language group means deviate from the
test norms in either direction, that is, above or below the

mean.
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Table 4.2.

L2 and the 11 group means on the SCAN Fiqure-Ground subtest

Group Range Mean SD SE 10-Mean/Group SEm
L2(N=71) 3 - 12 5.72 2.57 .31 13.81
L1(N=45) 3 - 13 6.44 2.74 .41 8.68

Note. L2=Italian mother tongue, Ll=English mother tongue
SEm=standard error of the mean.

The resulting L2 group score showed 14 standard errors
below the norming group, and the L1 group score showed 9
standard errors below the SCAN norming group. Although both
language groups’ scores deviated greatly from the SCAN
norms, the L2 group score seemed notably more deviant than
the L1 group. However, the Kruskal-Wallis Oneway ANOVA
showed no significant differences between the groups on the
SCAN test (Chi-Square= 2.354, p>.05). Such low scores in a
non-clinical population suggest that the SCAN norms are not
appropriate for these groups. An acceptable level for test
sensitivity (the accuracy in identifying individuals with
disorders) and specificity (the accuracy in identifying
individuals without disorders) remains to be established in
this population. The auditory figure-ground subtest of the
SCAN showed excellent sensitivity but poor specificity and
had little diagnostic power in separating out these

clinically nondisordered groups.
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Dichotic Digits test (DDT).
The single and double digits subtests for both the

right and the left ear were administered. The test yielded
percent correct scores. Table 4.3 contains the descriptive
scores for single and double digits for the right and left
ears, for both groups.

Table 4.3.

The DDT single and double digits Right and Left Ear means,
ranges, and standard deviations

Single Digits

RIGHT EAR LEFT EAR

Lang

Group N Mean SD Range Mean SD Range
L2 71 98.68 2.91 85-100 94.13 9.68 40-100
Ll 45 99.56 1.79 90-100 95.67 5.18 80-100
Double Digits

L2 71 89.78 10.58 45-100 71.94 21.07 13-100
Ll 45 90.02 8.06 68-100 76.90 13.53 48-100

Note. L2=Italian mother tongue group, L1l=English mother
tongue group.

The single digits test results for the Right Ear for
both the L1 and the L2 group, expressed in percentage
correct responses, were close to 100%, and narrow in range.
Although the Left ear condition yielded high means as well,
it showed a somewhat wide range of performance for the L1
group, and a notably wider range for the L2 group.

The double digits subtest showed a wide range of

performance for both language groups; the L2 group’s range
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extended well below that of the L1 group for both the right
and left ears.

A difference of means was noted for both language
groups from the single digits to double digits performance,
as well as from the right to the left ear. Table 4.4
contains the mean differences for both language groups.
Table 4.4.

DDT performance difference of means from single to double
digits, and right to left Ear

Right Ear Left Ear
Single - Double Difference Single - Double Difference

L2 98.68 - 89.78 = 8.90 94.13 - 71.94 = 22.19
L1 99.56 - 90.02 = 9.54 95.67 - 76.90 = 18.77
Single Digits Double Digits

Right - Left Difference Right - Left Difference
L2 98.68 - 94.13 = 4.55 89.78 - 71.94 = 17.84
L1 99.56 - 95.67 = 3.89 90.02 - 76.90 = 13.12

Note: L2=Italian mother tongue, L1=English mother tongue.
A notable drop of performance from single digits to
double digits subtest occurred in the right ear for both
language groups, however a substantially larger drop
occurred in the left ear. Also, the difference of
performance between the right and the left ear was much
larger in the double digits subtest than in the single
digits. This shows that the single digits right ear

performance was better for both groups than any other
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listening condition. The left ear double digits listening
performance appeared to be the most difficult for both
language groups, but apparently more difficult for the L2
than the L1 group.

The differences between the L2 and L1 language groups
on the DDT double digits in both the right and the left ears
were tested using the Kruskal-Wallis Oneway ANOVA. No
significant differences between L2 and L1 were found in
either the right ear (Chi-Square=.2637, p>.05) or the left

ear (Chi-Square= .492, p>.05).

Staggered spondaic word test (SSW).

This test yielded scores expressed in actual number of
errors (NOE) for both ears in both competing and non-
competing conditions. Table 4.5 summarizes language groups’
mean NOEs and standard deviations for each ear and listening
condition (in the order of test presentation): right
noncompeting (RNC), right competing (RC), left competing
(LC), and left noncompeting (LNC). As well, it contains the
total error rate for each ear to investigate listening path

trends in the two groups.

118



Table 4.5.

SSW Group mean NOEs and standard deviations for RNC,RC, LC,
and LNC for the SSW test, and total mean per lanquage dgroup

N RNC RC LC LNC
Mean SD Mean SD Mean SD Mean SD
L2 71 5.99 4.52 11.35 6.16 18.63 9.07 7.07 5.37
L1 45 4.51 2.97 9.44 4.90 13.49 7.33 4.56 3.32
REM SD LEM SD
L2 71 17.34 9.71 25.70 15.25
L1 45 13.96 7.12 18.04 3.82

Note: L2=Italian Mother tongue, Ll=English Mocther tongue,
N=group size SD=standard deviation, RNC=right noncompeting,
RC=right competing, LC=left competing, LNC=left
noncompeting, REM=right ear mean, LEM=left ear mean.

The SSW results showed an expected higher error rate
for the competing conditions for both ears in both language
groups. The overall means showed the left ear error rate as
higher in both language groups.

A repeated measures fully factorial design MANOVA was
performed to investigate the SSW right ear versus left ear
listening differences in each language group. Table 4.6

displays the cell means and the grand means for ear and

language variables.
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Table 4.6.

SSW Repeated Ear (Right, Left) within Language group (L2,
Ll1) MANOVA Cell Means & Grand Means

Right Ear Left Ear
Mean S Mean SD Language G-Mean
L1 N=45 13.96 7.05 18.04 9.82 32.00
L2 N=71 17.34 9.71 25.70 13.23 43.04
Ear G-Mean 16.03 22.73

Note: G-Mean=Grand Mean

These means were used to obtain the results displayed
in Table 4.7.
Table 4.7.

SSW Repeated Ear (Right, Left) within Lanquage group (L2,
Ll) MANOVA

DF SS MS F Sig.of F
Within+ Residual 114 21118.44 185.25
Language Group 1 1679.18 1679.18 9.06 .003
Within+Residual 114 4156.06 36.46
Ear 1 2136.37 2136.37 58.60 .000
Language x Ear 1 251.96 251.96 6.91 .010

Note: L2=Italian mother tongue, L1=English mother tongue.
The results showed two significant main effects: the
language groups differed significantly (p<.005) on the SSW
NOE, and there was also a significant difference (p<.001)
between the right and the left ear. A significant (p<.01)

interaction between language and ear was evident.
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Post hoc tests were performed on single effects of ear

within each language group.

Table 4.8 shows the between

language group effects, and the within subject ear effects.

Table 4.8.

SSW Post Hoc tests:

Between subjects lanquage qgroup effects

& Within subijects ear effects

Within+Residual 114
MWithin L1 1
Mwithin L2 1
within+Residual 114

MWithin L1 x Ear 1
MWithin L2 x Ear 1

SS

21118.44
23040.00
65768.56

4156.06
376.18
2484.76

MS

185.25
23040.00
65768.56

36.46
376.18
2484.76

E

124.37
355.03

10.32
68.16

Sig F

.000
.000

.002
.000

The post hoc univariate tests confirmed a significant

interaction effect between language group and ear: in each

language group the NOE means for the left ear were

significantly higher than for the right ear, and the NOE

mean for the left ear in the L2 group was significantly

higher than the NOE left ear mean in the L1 group.

Next, the total number of errors (NOEs) for both ears

under four listening conditions for each subject was

calculated and the resulting scores compared with the SSW

NOE age norms.

The SSW NOE norm was subtracted from the

obtained NOE total, and the remainder was divided by the SSW

NOE standard deviation.

The resulting score, a deviation

mean, shows at a glance the fit between the obtained score
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and the test norms. The mean and SD of the standard scores
as well as the range was calculated for each language group,
and these are shown in table 4.9.

Table 4.9.

SSW NOE deviation means, standard deviations, and range of
deviation scores for the 12 and the Ll groups

N_ DMean SD Range
L2 71 6.389 4.623 -1 - 22.67
L1 45 4.306 3.546 0 - 12.00

Note: L2=Italian mother tongue, L1=English mother tongue,
DMean=Deviation Mean, SD=Standard deviation.

The results for both language groups showed rather
high means, but the L2 mean was higher and the range of
scores considerably wider than the L1 mean and range.

Because the group means were notably high, it was felt
that the language group scores were different from the SSW
test norms. Accordingly, the distribution of the scores was
examined in order to investigate the differences between the
group results and the test norms. Table 4.10 summarizes the
number of cases in each language group that are within -1
and +1 deviations, the number between +1 and +2, and the
number that is greater than 2 deviations above 0. It should
be recalled that high scores indicate a greater number of

errors.
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Table 4.10.

NOE deviation means frequency distribution for the L2 and
the L1 language groups

NOE Z Score Range

=1 to +1 +1 to +2 >2 $Cases>2
L2 (N=71) Cases 6 7 58 81.69
Ll (N=45) Cases 11 3 31 68.89

Note: NOE=Number Of Errors, Z Score=Deviation mean.

The L2 group exhibited an enormous percentage of NOE
deviation means that were >2 SDs (mean=0= ‘no problem’
status; mean22SD=clinically significant for individual
scores). The Ll group as well showed a high percentage of
deviation means that were >2 SDs, but not as high a
percentage as the L2 sample.

Table 4.11 summarizes a Oneway between group ANOVA that
compares the L2 and the L1 NOE deviation means.

Table 4.11.

SSW NOE standard means oneway between lanquage qroup ANOVA

D.F. SumS MS F-Ratio F-Prob

Between Group 1 119.4086 119.4086 6.6434 0112
Within Group 114 2049.0243 17.9739

The results did not reach significance with the
Bonferroni adjustment (p<.0l to indicate p<.05 alpha).

Without the Bonferroni procedures, a significant (p<.0112)
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difference occurred between language groups on the NOE

deviation means.

CAPD subtvypes.

Next, the SSW response biases were used to determine
the presence of a CAPD subtype: Decode (D), Tolerance-
Fading-Memory (TFM), Organization (O), Integration (I),
Generalized (G), and Mixed (M) (See Appendix D for an
explanation of the subtypes). Because the Mixed subtype was
made up of combinations of Decode, TFM, and Organization,
the frequency of each of these within the Mixed subgroup was
added to the individual subtype groups. The Mixed subgroup
showed the following combinations: D+0; D+TFM+0; TFM+O;
TFM+D. Table 4.12 shows the numbers and percentages of
those exhibiting no problem (NP), and those showing

subtypes, in each language group.
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Table 4.12.

L2 and Ll group frequencies and percentages of SSW _’'No
Problem’ and CAPD subtypes

NP D TEM o) I G M
L2 (N=71)
11(15%) 33(47%) 19(27%) 10(14%) 2(3%) 11(16%) 13(18%)
L1l (N=45)
13(29%) 14(31%) 15(33%) 10(22%) 1(2%) 4(9%) 13(29%)

NOTE: L2=Italian mother tongue, L1l=English mother tongue,
N=group size, NP=No Problem, D=Decode, TFM=Tolerance-Fading-
Memory, O=0Organization, I=Integration, G=Generalized,
M=Mixed.

The percentage of those exhibiting No Problem in the L1
group was twice that in the L2 group. The CAPD subtype
percentages indicated that in the L2 group the most frequent
subtype was Decode followed by TFM, whereas in the L1 group
TFM was the most frequent subtype followed by Decode. The
Generalized subtype (indicated by the presence of a high
error rate but no response bias) frequency in the L2 group
was almost double that in the L1 group. The Mixed (consists
of response biases that show the presence of more than one
subtype in the same individual) and the Organization
subtypes were more frequent in the L1 than in the L2 group.
The Integration subtype was rare in both language groups.

Although the descriptive results seemed to show

differences between the language groups’ subtype
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