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NATURAL LANGUAGE ENVIRONMENTS OF CWHL 1

Chapter 1: Introduction

The purpose of this project was to explore the natural language environments of
monolingual English-speaking and bilingual Spanish/English-speakingdamwiho have
children with hearing loss (CWHL). More specifically, this study was an imga&tn of the
impact of home language and maternal education on parent-infant interaction. dlengpis a
discussion of factors that influence language development: the volume of pladistéming
and spoken language development for CWHL, considerations for CWHL from bilinguashome
and the discussion of natural language environments of monolingual English-saking

bilingual Spanish/English-speaking CWHL.
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Chapter 2: Review of Literature

l. Factors in Language Development

The importance of language environment is crucial in the language devalopime
typically developing children and children with speech-language disoidarsand Risley
(1995) examined the natural language environments of 42 typically developihgchffom 7
to 36 months of age, to determine factors that affected children’s acaden@ssslater in life.
The authors estimated the number of adult words that children heard in a 14-houredayrbas
their transcriptions of each child’s language environment from 1-hour recsrdiken each
month. It took Hart and Risley three years to observe and collect the dateremfording parent-
child interactions during home visits in the late afternoon or early everitingsk an additional
Six years to type, transcribe, code, and analyze the findings. Interactimeebetdults and
children were coded by episode type (routine care, mutual play, unstructurey)atiywi
speaker categories (child, parent speaking to the child, parent speaking cosather than the
child, other adults speaking to the child, other children speaking to the child, and othkirggspea
to others), and by word category (nouns, verbs, modifiers, and function words).

Hart and Risley (1995) found that children with advanced language skills heard more
than 33 million words in the first three years of life, or about 30,000 words a dayechivith
less advanced skills heard as little as 9 million words in their first trears. This monumental
research indicated that “with few exceptions, the more parents talked tdnildsiert, the faster
the children’s vocabularies were growing and the higher the children&st@cores at age three
and later” (Hart & Risley, 1995, p.144). Furthermore, the authors discovered that the ntimbe
words a parent said had a stronger correlation with vocabulary growth, vocabulandul€g, a

score than did parents’ education level or socioeconomic status (SES). Hartlapd Rikow-
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up studies (1999), using the same children from the original study, indicated thatsa chil
academic success later in life, at ages 9 and 10, continued to be ditatdy te the volume of
talk that the child heard from birth to age three.

Gilkerson and Richards (2008a) also demonstrated that children with advanced language
skills heard a substantially larger volume of talk than children who were lesscadya
validating Hart and Risley findings (1995). Their research examined thalnanguage
environments of 329 typically developing children, from 2 to 48 months of age, using recordings
of 12-hour days to estimate the number of adult words heard in a day (Gilkersohatdr,
2008b). The authors recorded the language environments with LENA Digitalageg
Processors (DLP) and then analyzed the recordings with LENA-PRO speeghition
software (LENA Foundation, 2008). Gilkerson and Richards were able to truly capturaln
language environments with their ability to record children throughout the dayrimdinee and
everyday activities using small, body-worn digital recorders. Thecspecognition software
counted adult words, child vocalizations, and parent-child conversational turns usiag simil
conventions to those that Hart and Risley used in their study (1995). The LENA-P&D spe
analysis software was validated by hours of handwritten transcription isn@&yl&erson,
Coulter, & Richards, 2008; LENA Foundation, 2008). With LENA technology, they found that
the number of adult words advanced children hear in the first three yeaesisfdifout 22
million words with an average of 20,000 words per day. They also discovered that¢here a
“patterns of talk” that exist throughout the day. Gilkerson and Richards’ find20g84)
demonstrated that Hart and Risley (1995) may have overestimated languageeesipasutheir
samples were collected during times of the day (in late afternoon aneeaning) when “talk

peaks,” (p.7) times of the day when the most talking occurred. This was somethidgrthend
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Risley could not have foreseen, but it explains the higher parent word counts found in gheir dat
Gilkerson and Richards also confirmed that the quantity of early parent talktpriatier
language ability. Their research showed that the more adult talk childrerewpsed to in the
first six months, the higher their language ability scores and conversationaounts were a
year or more later (Gilkerson & Richards, 2008a).
Il. Factors that Influence the Volume of Parent Talk

In considering parent variables, the greatest predictor of language developasdhe
volume of parent talk, or adult words heard per day (Gilkerson & Richards, 2008a, 2008b; Hart
& Risley, 1995). Other researchers have also shown connections between langeakogsroknt
and family income and/or parent educational level (Burchinal, Campbell, Biy/astk, &
Ramey, 1997; Wallace, Roberts, & Lodder, 1998). Hart and Risley (1995) examined how the
volume of parent talk is influenced by these issues and other factors that, in tuot,tirepa
language development of typically developing children. Factors they studiedddSES,
family size, birth order, gender, parent employment, and race. They found naathtisti
significant differences between amount of talk and parent employment, genchare. Their
data showed that family size and birth order influence the allocation of talk, but notabata
However, they discovered that SES had the strongest influence on the amount of talking that
went on in families.

Gilkerson and Richards (2008a) discovered that time of day, exposure to television,
gender, birth order, parental education level, and diagnosis of autism all iefiugecvolume
of parent talk. Additionally, their examination of home language showed that monolingual
Spanish-speaking families were similar to English-speaking itsmilith respect to patterns of

adult talk.
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[Il. Home Language

Using LENA software, Gilkerson and Richards (2008a) examined languagerenegints
of monolingual English-speaking children in relation to 20 monolingual Spanish-sgeaki
children from 2 to 34 months of age. The researchers examined at the differéweesn tome
language and maternal education and their independent effects on adult word couD}snigwV
typically developing children. Findings confirmed that there were no difterein the volume
of parent talk from monolingual English and monolingual Spanish home environments. When
the effect of both home language and maternal education level on AWC was @uhditere
were similar mean patterns for AWC among maternal education level graweehdanguages.
Gilkerson and Richards (2008a) discovered that the most educated group (mothers who
graduated from college or higher) had considerably higher AWC than the ldueatenal
groups (some high school, high school diploma/trade/GED, some college).
IV. Parental Education

Furthermore, parental/maternal education levels have been examined astifettaffect
the volume of parent talk. Extensive research demonstrates a strong relpt@taeen
parental/maternal education level and children’s development. Children witligoasteo have
higher levels of education display improved academic achievement andwapgaiformance
(Auerbach, Lerner, Barasche, & Palti, 1992), as well as, higher languéigesatiian children
who have parents with lower education levels (Beitchman, Hood, & Inglis, 1992; Hasl&yRi
1995; Hoff-Ginsberg, 1991; Schacter, Marquis, Shore, Bundy, & McNair, 1979; Tomblin,
Hardy, & Hein, 1991; Tomblin et al., 1997). Research suggests that higher leveleofaha

education and higher SES promote increased achievement and development for children.
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Consequently, these children have an increased availability of economic resmdageater
access to opportunities of society.

In addition, these variables significantly affect the Hispanic population. dicgpto the
United States Census demographics, Hispanics are less likely to attawextieducational
degrees, less likely to have higher income levels, and more likely to live in ptheantpon-
Hispanic groups (United States Census Bureau, 2009). Education level is oftenrednside
because it is a more stable measure than family income (Huston, McLoyd¢ci& Gall, 1994).
Research has also found that paternal and maternal education levels haveostsdaigons with
one another (Entwisle & Astone, 1994). In addition, using maternal education levehesctor
a number of children who live in low-income mother-only households (Hernandez, 1997).
Maternal education level has been used interchangeably with socioeconomimstatisus
studies as a predictor of SES and it has been frequently used to categoriclmB&Rr, a
paucity of data exists regarding maternal education and speech-languafggpuohent in
typically developing children in Latino families.

Children with Hearing Loss
l. Listening and Spoken Language Development for CWHL

The amount of parent talk is especially important to infants and children with hkmsng
who are learning to listen and develop spoken language because they do not have ample
opportunity to overhear conversations (Leavitt & Flexer, 1991). While typicaligioleing
children have more opportunities for incidental learning through overhearindhsgesc
language in their environments, children with hearing loss most often do not, due to reduced
signal-to-noise ratio (Bess, 2001; Cole & Flexer, 2007; Smaldino & Crandell, 2001). ithus, r

language environments are essential for CWHL to develop listening and spaesgan
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(Stallings, Kirk, Chin, & Gao, 2002). It is crucial that CWHL receive, airamum, the typical
volume of parent talk. It is quite possible that CWHL might need more than the nongpalafa
input. Therefore, it is essential to know how many words parents are using witthildeen.
Il. Today’s Population: Changes in Early Identification and Intervention

There have been significant developments in government regulation, amplification, a
professional expertise to better serve the population of infants and childrer2ii tentury.
These advancements have maximized opportunities for deaf children to learmgéagddo
develop to their full cognitive and social-emotional potential. Joint Committéefamt Hearing
(JCIH) recommendations for services and intervention and Early Hearing tecdifre
Intervention (EHDI) programs have grown tremendously in the last 25 yeansinges the
expansion of Universal Newborn Hearing Screening. Currently, “all 50 statethe District of
Columbia have EHDI laws or voluntary compliance programs” (American Speeuiihge-
Hearing Association, 2011) that screen children for hearing loss. Techbladi@nces with
digital hearing aids and cochlear implantation in the last 25 years have@iVEIL greater
access to sound, facilitating the acquisition of listening and spoken languagechh@agy
and legislation has led to earlier identification, amplification, and aggeeasdiological
management for children with hearing loss in the United States. Due to tHrefertnations, the
average identification age of hearing loss has shifted from 2 to 3 years in th@dase
(Commission on Education of the Deaf, 1988; Meadow-Orlans, Spencer, & Koester, 2004) to 3
to 6 months more recently in hospitals where EHDI programs have been implemdiitheénC
with hearing loss are now identified and receive hearing technologysathegeermit auditory

brain development and spoken language close to typically developing children.
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The changes in the demographics of population of CWHL have caused parents and
professionals to modify intervention as well. Ninety-five percent of deldfrehiare born to
parents who have normal hearing and communicate using spoken language (Mitchell &
Karchmer, 2004). Professionals worldwide have modified traditional child-cdrtexeapy
techniques and shifted to parent-centered intervention where parent coachindaoskey
facilitating therapy strategies for listening and spoken languagéogevent for CWHL
(Rhoades, 2006). Therefore, the crux of habilitation for children with hearing logh isfants
and their parents who have chosen a communication model where listening and spoken language
is their desired outcome.

Nevertheless, due to such clinical needs, services and intervention methods for CWH
have changed to be directed towards infants and their families. The JCIH 2007 position
statement “endorses early detection of and intervention for infants with hezsptough
integrated, interdisciplinary community, state, and federal systemsweirsai newborn hearing
screening, evaluation, and family-centered intervention” (p.1). This shifcommendations
from JCIH has influenced current services by emphasizing family-eehit@ervention
practices, and as a result, has given CWHL a greater potential for spoeada development.
There are some recommendations and family-centered intervention progrgarding how
parents should interact with their CWHL to facilitate listening and spokendgeg&ome
examples of these family-centered intervention programs include AuditobaMberapy and
Learn to Talk Around the ClodRossi, 2002). The Auditory-Verbal approach is a
communication method (Beebe, 1953; Fiedler, 1952; Griffiths, 1974; Huizing & Pollack, 1951)
that focuses on the “comprehension of natural spoken language and production of ietelligibl

speech” by working with CWHL and their families to promote listening and splakguage
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development (Rhoades & Chisolm, 2001). Six of the ten principles highlight familgred
intervention by emphasizing the importance of a Certified Auditory-Verbatapist's ability to
“guide and coach parents” (Alexander Graham Bell Academy for Ligjeamid Spoken
Language, 2006).earn to Talk Around the ClodRossi, 2002) is another family-centered
intervention program that facilitates listening and spoken language dewsiofonCWHL. This
commercially available program allows professionals to observe atithtagparent-infant
interactions in natural activities of daily living — areas such as mealplagime, or in the
kitchen (Rossi, 2002).

However, limited research regarding parent-child interaction has beenctedadvith
infants and toddlers with hearing loss, despite the importance of knowing how packtiteia
CWHL interact. Previous research has tended to observe older children apautéeis.
Evidence from these studies demonstrated decreased parent-child interadtibthswe€re
exposed to less parent-directed speech (Cheskin, 1981; Goss, 1970; Koester, Brooks, &
Karkowski, 1998; Spencer, 1993) and there was also decreased turn-taking in such dyads
(Harrigan & Nikoloupolous, 2002; Henggeler & Cooper, 1983; Janjua, Woll, & Kyle, 2002;
Wedell-Monnig & Lumley, 1980). More current information suggests that parents sfLCW
tune their interactions to the developmental level (Cross, Nienhuys & Kirkb8&85; Nienhuys,
Cross, & Horsborough, 1984) or hearing age of the child (Bergeson, Miller, & McCune, 2006)

The Hispanic Population
I. Changes with Culturally-Linguistically Diverse Populations

Furthermore, with regard to language use, the demographics of CWHL in the United

States have changed. In the US today, there is a growing population of children with loessri

from culturally and linguistically diverse (CLD) backgrounds. Theefstsgjrowing minority
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group in the US is Spanish speakers (Ramirez & de la Cruz, 2003). According to g Unit
States Census Bureau (2006), 14.8% of the population is Hispanic and that number is projected
to be 24.4% of the population by 2050. A growing number of these Spanish-speaking families
have children with hearing loss (Delgado, 2000; Gallaudet Research Institute, 2663). M
specifically, of Texas households that have children with hearing loss, 31.5% ofatimdgaesf
are Spanish-speaking (GRI, 2006). The number of children with hearing loss who aome fr
Spanish-speaking families is growing, representing new needs foathbelwices. With a
growing number of culturally diverse families in the US, linguistic divg@nd bilingualism are
common features that arise within these households. Valdés and Figueroa (199 diesc
bilingualism as “a common human condition in which an individual possesses more than one
language competence... that makes it possible for an individual to function at soimia leve
more than one language.” (p.8) They described bilingualism as a “continuumaiig.8)
explained that an individual is not assigned to one point on the continuum. The placement of an
individual at a given point on the continuum at a given moment in time will depend on the
context and content of linguistic skills being considered. These differingxt®mteght include
task, topic, or modality. In consequence, bilingual programs have grown tremendousliagt the
30 years due to an increase of non-English-speaking people immigrativegUaited States
(Goldstein, 2000).
ll. Considerations for Bilingual Spanish/English Language Development

Researchers points out distinct cultural and linguistic differences inumling
Spanish/English development versus monolingual English development. Investigators h
observed certain differences when examining parent-child interactidnglispanic parents and

their typically developing children. Noted cultural and linguistic differemec&panish include:
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syllabic structure (Goldstein & Cintron, 2001; Quilis & Fernandez, 1999), lesdioarflslann
& Hodson, 1994), less focus on emotional evaluations (Langdon & Cheng, 1992), reduced
emphasis on early independence (Roseberry-McKibbin, 2002; Zuniga, 2004), and increased
formality in adult-child interactions (Kayser, 1998). Mexican mothers have keearts consider
themselves as mothers, and not teachers (Garcia, Mendez Pérez, @A)z to be more
relaxed about their child’s development (Madding, 2000; Roseberry-McKibbin, 2002), nonverbal
or directive, and less responsive than non-Hispanic mothers (Madding, 1999). Ejerefor
collaboration with professionals might cross cultural boundaries and somie$amidht not
feel as if it is their role (Goldstein, 2000; Roseberry-McKibbin, 1997; Zuniga, 1998) to
participate and have responsibilities in the intervention process. In additien,examining the
impact of parent SES on children’s bilingual language abilities, Portes and RU2M®@Lix
found that children in higher SES families were more likely to become bilinguakfohe
working with culturally and linguistically diverse populations requiresrangss and sensitivity
to such differences and consideration of the possibility that these variatiorssoaypact
parent-infant interaction and the volume of parent talk.
lll. Considerations for Bilingual CWHL

Culturally and linguistically diverse children with hearing loss aa@mewve similar
outcomes as monolingual CWHL given early identification, technology, aogtldn, and
spoken language intervention. Exposure to a second language at home does not ingwgir prim
language acquisition for some young children with cochlear implants (Tholréasian, &
Zwolan, 2008); in fact, bilingual oral language proficiency with prelinguddlaf children with
cochlear implants is possible (Francis & Ho, 2003; Guiberson, 2005; McConkey Robbins, Green,

Waltzman, 2004; Phillips, 1999). Furthermore, bilingual CWHL can develop oral laaglgig
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equivalent to those of their monolingual English speaking peers as well as competewond
oral language skills (Levi, Boyett-Solano, Nicholson, & Eisenberg, 2001; McCorayiis et
al., 2004; Thomas et al., 2008; Waltzman, McConkey Robbins, Green, & Cohen, 2003).

In addition, an important element to help promote bilingual competency is to provide
exposure and sufficient language input in both languages (Marchman & Martirseae®iis
2002; Pearson, Fernandez, Lewedeg, & Oller, 1997). Children need a minimum amount of
exposure in each language. Indeed, Pearson (2008) recommended that children neediinput f
30% to 35% of child’s waking hours to achieve language fluency for bilingual proficiency
However, other researchers have made specific recommendations - for exaatphes level of
minimum input and “magnitude of this critical threshold is still unknown” (Gutié@ietien,
1999).

V. Maternal Education Level and CWHL

Maternal education level may play a role in the language development of CWHL.
Yoshinaga-Itano and Gilkerson (2010) reported that maternal education level wasoaamt
predictor of language outcome at 84 months of age for CWHL. Moeller et al. (2007a,,2007b)
however, found no significant differences between groups in socioeconomic statusroama
education levels on the phonetic development of CWHL 10 to 24 months of age, when
controlling for differences in vocabulary. Variable outcomes and interpretationbama part
due to differing research methodologies for assigning parents to categod strategies for data
interpretation. It is necessary, therefore, to keep maternal educatioardebde when
examining parent-infant interactions because there appears to be a pofiadree on
language development by CWHL.

IV. Natural Language Environments of CWHL from Monolingual and Bilingual Homes
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Two important developments to consider are the decrease in age of CWHL geceivin
intervention and the changes in demographics of families. A pilot study hastedgyes
significant differences between English and Spanish/English home languagaerarits of
CWHL, when measures were co-varied for degree of hearing loss and dexefaldevel of the
child (Morrison et al., 2010). Maternal education level, however, was not included in the
analysis, although the information was collected for the pilot study. The purpose stiithy
was to expand the pilot study with a larger number of children and to include mathkroation
level in the model.

Summary

To summarize, minimal research has been published examining differences ih natura
language environments of culturally and linguistically diverse CWHL. Thexethe purpose of
this study was to investigate whether there were significant differentvesdreadult words and
adult-infant interactions in natural language environments of CWHL where thelaoguage
was monolingual English and bilingual Spanish/English. Yoshinaga-Iltano andsBik@010)
findings presented evidence implicating maternal education level may hawnpacat bn
language development of CWHL in later years. A secondary goal of thisvgasdto determine
whether there was a relationship between adult words and adult-infant interacter g a
maternal educational levels in families of CWHL. The following threeaech questions were
posed:

1. What is the effect of home language on adult words and adult-infant interactions?

2. What is the effect of maternal education on adult words and adult-infant interactions?

3. What is the combined effect of home language and maternal education on adult words

and adult-infant interactions?
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It is hypothesized that there would be no significant differences betwees language
groups (English or Spanish/English) on the number of adult words and converdatiosal
between parents and infants, and child developmental measures. It is fupthibekized that
maternal education level is more likely to influence these variables. ®afeD¥WHL with
higher education levels are predicted to have higher volumes of talk and idarteasersational
turns. It is also theorized that the combined effect of home language amdahetkeication level
would not impact adult words or adult-infant interaction measures. The currentsstudy
motivated by the Gilkerson and Richards (2008a) study where effects of fioguadie and
maternal education level on AWC were examined. Key changes in the currgninstude

using a population of bilingual Spanish/English children with hearing loss andatindies.
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Chapter 3: Method
Participants

The participants included 51 infants with hearing loss and their familiesSeom
Antonio, Texas who were enrolled in the Sunshine Cottage School for Deaf Childreng Birth t
Three Parent-Infant Program. The infants included 27 females and 24 males. Suothge C
provides services to infants and children with hearing loss and their familgadgless of
income level. Thus, there was a diverse distribution of families’ maternaltextulesvels in this
study.

Family Characteristics

A profile of the families will be provided below and group characteristicsbeifurther
demonstrated in the results. The families were grouped according to twotehigtics: home
language and maternal education level.

Home Language Home language was determined based on parent report and
confirmation by parent-infant advisors. Twenty-one families (41.2%) repdrétdney use a
combination of Spanish and English in their daily lives. These families will be knowe as t
“Bilingual” group in the report that follows. The remaining thirty fansl{®8.8%) reported that
their home language was English only. These families will be known as theotivigual”
group in the report that follows.

Maternal Education Level. Families were initially classified into four groups that
replicated the Gilkerson & Richards (2008a) and the US Census (2009) catddypsese high
school education (Some HS) comprised of 4 families, (2) HS diploma/GED (13e&)n(8)

some college (15 families), and (4) college degree or higher (19 families)o Eheegmall
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number of families in the “Some HS” and “HS diploma/GED” categories, thesecombined
for the current study and renamed “Combined HS.”

Families with a College Degree or Higher comprised a greater numimemalingual
families than bilingual families. The distribution across family groups wtmai complete
college (Combined HS plus Some College), however, was fairly even by languagamsies
who did not possess college degrees comprised 31.4% of the monolingual group; families
without college degrees comprised 31.3% of the bilingual group.

Child Characteristics

The children were described according to five characteristics: defgnearing loss,
hearing technology, chronological age, hearing age, developmental age, arkaline
impairments related to etiologies of hearing loss. A breakdown of each chidttenestics
category by home language and maternal education level appears in theseesiolts

Degree of Hearing LossEach child’s hearing status was categorized by degree of
hearing loss determined by better ear pure tone thresholds at 500 to 2000 Hz, or $petch de
thresholds. When ear-specific thresholds were not available, bilateral sddriiresholds were
accepted. Children were categorized with unilateral hearing loss ibtté#r ear had normal
hearing (-10 to 20 dBHL) and the poorer ear presented with hearing loss. Partiwgants
categorized with mild hearing loss if they presented at 25 to 40 dBHL, modeaaiedgloss at
41 to 55 dBHL, moderate-severe hearing loss at 56 to 70 dBHL, severe hearing loss 20
dBHL, and profound hearing loss at 91+ dBHL. Table 1 (below) shows the percentage of
children within each hearing level category. Table 1 indicates g &i€én distribution of

children across the categories unilateral, slight/mild, moderate, and semgps.drhere were a
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greater proportion of children in the moderate-severe and profound categongsréhatmost
twice the number than that of the other groups.

Table 1: Percentage and number participants by degr ~ ee of hearing loss ( n = 51).

Degree of Hearing Loss$ Percentage of Participants PNaL:tin:;?:a:r?tfs
Unilateral 11.8% 6
Slight/Mild 15.7% 8
Moderate 11.8% 6
Moderate-Severe 23.5% 12
Severe 11.8% 6
Profound 25.4% 13

Hearing Technology. Children in the study wore a variety of hearing technologies.
These included 6 children with bone anchored hearing aids (BAHA), 31 with hearing aids, and
14 with cochlear implants (ClI). Table 2 illustrates the distribution of partitsgay degree of
hearing loss and type of technology used. Table 2 indicates that children witldegpses of
hearing loss have a higher usage of BAHAs and hearing aids. It dematehte greater
proportion of children with higher degrees of loss, are using Cls. This cosrelibecurrent
trends in audiological practice and appropriate amplification for specifreee@f hearing loss.

Table 2: Percentage and number of participants by d

egree of hearing loss and

type of technology ( n = 51).

. Technolo
Degree of Hearing Loss BAHAS Hearing Aids - Cochlear Implants
Unilateral 3.9% (2) 7.8% (4) --
Slight/Mild -- 15.7% (8) --
Moderate 3.9% (2) 7.8% (4) --
Moderate-Severe 3.9% (2) 19.6% (10) --
Severe -- 7.8% (4) 3.9% (2)

Profound -- 2.0% (1) 23.5% (12)

Chronological Age.The children ranged in age from 5 through 40 months, with a mean

age of 19.65 months and a standard deviation of 10.4 months.
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Hearing Age.Hearing age was measured by the duration of technology use. The
children’s hearing age ranged from 1 to 31 months, with a mean hearing age of 10.14 months
and a standard deviation of 9 months.

Developmental AgeThe LENA Developmental Snapshot (LDS) was used to measure
overall developmental age (Gilkerson & Richards, 2008c). The LDS is a questidhasire
parents and caregivers fill out that examines the child’s receptive andsxprianguage skills
and cognitive function. LENA software calculated and provided an estimate dfildfis c
developmental age from 2 to 36 months. The LDS age has strong correlations with
developmental ages from standard language assessments such as the PLS3},GTHEL-
CLAMS, and CAT (Gilkerson & Richards, 2008c). The LDS was administered withae& of
recording. The children’s developmental age ranged from 2 to 38 months, with a mean
developmental age of 13.67 months and a standard deviation of 9.4 months.

Other Health Impairments related to Etiologies of Hearing LossIn this study, 25.5%
of the 51 CWHL had other health impairments (OHIs) that can affect developmgonidiibe
impact of hearing loss, which may influence AWC and CTC measures. OHIdexcl
disabilities associated with CHARGE Syndrome, Leopard Syndrome, Dowmckd@ye,

Duane’s Syndrome, Dandy Walker Syndrome, Goldenhar Syndrome, Auditory Neuropathy
Spectrum Disorder, cancer/effects of chemotherapy, hypothyroidismy&mdegalovirus

(CMV). According to Gallaudet’s annual survey of deaf and hard of hearirdyemi{GRI

2008), 39.3% of CWHL have other special needs. These included visual impairments, deaf-
blindness, developmental delays, learning disabilities, orthopedic impairmestsipatdeficit
disorder (ADD/ADHD), traumatic brain injury, mental retardation, emotiorstlidrances,

autism spectrum disorders, other health impairments, and other conditions.
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Data Collection

Recordings were gathered by parent-infant advisors at Sunshine Cottagef&cbealf
Children. Data collection was done with Language ENvironmental AnalysiSALBigital
Language Processors (DLP). The LENA DLP is a small recordingelévat is worn on the
child in special clothing designed for the processor, which can record up to 16 houses of dat
Data Extraction

Recordings were uploaded and analyzed by LENA-PRO speech recognition sofarar
each child, the earliest LENA recording after the child receivedificagilon was used. One
recording from a single day, with up to 16 hours of data was averaged on 12-hour dagdand us
for analysis. Two measures, adult word counts and conversational turn counts, waeslobtai
from the analysis.

Adult Word Counts (AWC) measured the number of adult words spoken in the child’s
environment (Gilkerson & Richards, 2008a). The LENA system filtered ouhtestal unclear
speech and estimates the number of adult words. This included the number of words spoken by
any adult — mother, father, or visitor, in the same room as the child.

Conversational Turn Counts (CTC) served as the number adult-child alterrmzeratesy
(Gilkerson & Richards, 2008a). The LENA system used conventions similar to tleasbyus
Hart and Risley (1995). A conversational turn was considered to have occurred effilen a
vocalized and an adult responded, or an adult spoke and a child responded. For each
conversational interaction within a 5-second interval, one turn was counted (LENA &oanda
2008).

Projected counts and percentile rankings of AWC and CTC were extractethom

LENA-PRO software. Projected counts are an estimate of counts based on a Ettialing.
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Percentile rankings compared the data with norms that included familreshdren of
equivalent age (Gilkerson & Richards, 2008b). Percentile measures were tiss study
because this allowed for examination of this group of children with hearing loss and the
differences from the norm (typical developing peers). LENA percentiésuanes were extracted
from the LENA-PRO software and measures were based on the LENA normatisaatgtie
(Gilkerson & Richards, 2008b). The normative sample was done with 329 infants and children
from 2 to 48 months old from monolingual English-speaking families. The fanmilibssi
normative sample were representative of the US Census, 2004, with respetied attgernal
education level (Gilkerson & Richards, 2008b). Cultural and ethnographic demograpthieseof
families were not described in the normative sample study.
Data Analysis

Independent variables examined in the study were home language and mdtera@be
level. Dependent variables examined in the study were adult word counts and camadrisah
counts. Descriptive and graphic analyses of the measures described above wetecosthg
IBM SPSS Statistics v.19. Statistical analysis tested the independentralbiced effects of

home language and maternal education level on adult words and adult-child interactions.
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Chapter 4: Results

The purpose of this project was to explore natural language environments of monolingual
English-speaking families and bilingual Spanish/English-speakingiésmvho have children
with hearing loss. Three research questions were posed:

1. What is the effect of home language on adult words and adult-infant interactions?

2. What is the effect of maternal education on adult words and adult-infant interactions?

3. What is the combined effect of home language and maternal education on adult words

and adult-infant interactions?
Research Question 1. What isthe effect of home language on adult words and adult-infant
interactions?
Child Characteristics

The first step in answering these research questions involved confirming tedrchi
were similar with regard to characteristics such as hearinfj dbwenological age, hearing age,
developmental age, and other health impairments.

Hearing Level. Table 3 shows the distribution of child hearing loss across categories of
family language. When hearing loss categories were combined witldl teganaided access to
spoken language, a fairly even distribution by language group was obtained. Chitdren w
hearing loss from unilateral through moderate categories comprised 40méhatingual
families and 38.1% of bilingual families. Similarly, children with hearing tasging from
moderately-severe through profound comprised 60.0% of monolingual families and 61.9% of
bilingual families.

Table 3: Distribution of child hearing loss categor ies as a percentage of home

language groups.
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Home Language

Degree of Hearing Loss Monolingual Bilingual
(n = 30) (n=21)

Unilateral 13.3% 9.5%
Slight/Mild 13.3% 19.0%

Moderate 13.3% 9.5%
Moderate-Severe 26.7% 19.0%
Severe 10.0% 14.3%
Profound 23.3% 28.6%

Age Measures.Table 4 shows the mean, standard deviation, and range of chronological
age, hearing age, and developmental ages across language groups. Across |anfaudgesnd
children had very similar chronological, hearing, and developmental ages.

Table 4: Mean, standard deviation, and range of chr  onological age, hearing age,

and developmental age in months by home language.

Standard

Age Measure | Home Language Mean Deviation Range
Chronological Monolingual 19.1 11.35 5-40
Age Bilingual 20.4 9.06 6 - 38
Hearing Age Mo'n.olingual 10.8 9.4 1-31
Bilingual 9.2 8.4 1-31

Developmental Monolingual 13.4 9.8 2-37
Age Bilingual 14.0 9.0 4 - 38

Table 5 shows the percentages of children with OHIs within home language groups.
There was a substantial difference in distribution of infants and children witihdnézss
between the two groups. Children with hearing loss who presented with OHIs $ediRoL0%
from monolingual families and 19.0% from bilingual speaking families.
Table 5: Distribution of children with OHIs as a pe  rcentage of home language

groups.

Percentage of CWHL
with OHls
Monolingual 30.0%
Bilingual 19.0%

Home Language
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A multivariate analysis of variance (MANOVA) was conducted to test féegrdnces
between home language groups according to the various age measuresifidargig
differences were obtained between home language groups on any age measures ifieneithe
0.01 nor 0.05 probability leveldlf( 2, 51) suggesting that groups were homogenous with regard
to age measures.

Dependent Variables

Table 6 shows the mean, standard deviation, and range of AWC and CTC percentile
measures across language groups. Monolingual and bilingual families hadifaildy means
and ranges for these measures; however, bilingual families showed shgyetystandard
deviations for AWC and CTC measures.

Table 6: Mean, standard deviation, and range of AWC  and CTC percentile

measures by home language.

Dependent Standard
Variable Home Language Mean Deviation Range
Monolingual 65.8 29.6 1-99
AWC Bilingual 64.14 26.4 7-99
cTC Monolingual 56.13 37.1 1-99
Bilingual 58.9 32.7 2-99

MANOVA was conducted to test for differences between home language groups on
AWC and CTC percentile measures. No significant differences were obtaimexebénome
language groups on either measure at neither the 0.01 nor 0.05 probability levels.
Research Question 2: What isthe effect of maternal education on adult words and adult-
infant interactions?

Child Characteristics
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Hearing Level. Table 7 shows the distribution of child hearing loss across categories of
maternal education level. There was a fairly even distribution of infants ddcechivith
hearing loss in each maternal education group. Children with hearing loss fronrainilate
through moderate comprised 35.4% of the Combined HS group, 39.9% of the Some College
group, and 42.1% of the College Degree or Higher group for maternal education levlarhysi
children with hearing loss ranging from moderately-severe through profound sethf4.6%
of the Combined HS group, 59.9% of the Some College group, and 57.9% of the College Degree
or Higher group for maternal education level.
Table 7: Distribution of child hearing loss categor ies as a percentage of maternal

education groups.

Maternal Education Level
DegreeLof Hearing Combined HS Some College Collegg Degree or
0SS (n = 17) (n = 15) Higher
(n=19)
Unilateral 11.8% 13.3% 10.5%
Slight/Mild 11.8% 13.3% 21.1%
Moderate 11.8% 13.3% 10.5%
Moderate-Severe 29.4% 13.3% 26.3%
Severe 17.6% 13.3% 5.3%
Profound 17.6% 33.3% 26.3%

Age MeasuresTable 8 shows the mean, standard deviation, and range of chronological
age, hearing age and developmental age across maternal educatiorolgy®l gihere was a
fairly even distribution among Some College and College Degree or Higher grougariisreo
chronological age, hearing age, and developmental age. The Combined HS means and standard
deviations displayed lower numbers for all age measures.
Table 8: Mean, standard deviation, and range of chr  onological age, hearing age,

and developmental age in months by maternal educati on level.

| Age Measure | Maternal Education| Mean | Standard | Range |
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Level Deviation
Combined HS 15.6 8.55 5-31
Chronological Some College 22.5 10.95 6 -38
Age Collegg Degree or 211 10.8 6 - 40
Higher
Combined HS 5.6 5.6 1-24
. Some College 12.7 9.9 2-31
Hearing Age College Degree or
ge ey 12.2 9.5 1-31
Higher
Combined HS 9.1 6.4 2-26
Developmental Some College 14.5 9.1 6 - 37
Age Collegg Degree or 171 10.6 2.138
Higher

MANOVA was conducted to test for differences between maternal educatein le
groups on measures of child age. No significant differences were obtainedbaehaternal
education groups on any age measures at the 0.01 probability level. There waaamim
maternal education level on hearing age and developmental age. Statifdoahckes were
obtained between maternal education groups along hearing age and developraentdsages
at the 0.05 probability level, as indicated in Table 9.

Table 9: MANOVA testing for statistical differences between maternal education

level groups with chronological age, hearing age, a  nd developmental age

measures.
Type Il
Indep.endent Depgndent Sum of | df Mean F Significance
Variable Variable Square
Squares
Chronological Agg 436.849 | 2 | 218.424 | 2.114 132
Maternal Educatior] Hearing Age 516.297 | 2 | 258.149 | 3.537 *.037
Level Developmental
Age 586.046 | 2 | 293.023 | 3.688 * 032

* Significant at the 0.05 probability level.
Post hoc testing was performed using Fisher’s Least Significant &iffer(LSD) to

uncover the source of the statistical difference. Table 10 shows the a4 post hoc
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testing. There was an impact of maternal education on hearing age and developgeental
Significant differences were obtained at the 0.01 probability level betwaternal education
groups on developmental age measures when examining College Degreeeoraddyh
Combined HS groups. Statistical differences were obtained between matieicatian groups
along hearing age measures at the 0.05 probability level, when examiniagedo#éigree or
Higher and Combined HS groups, as well as Combined HS and Some College groups.
Table 10: Fisher’s LSD post hoc analyses between ma  ternal education groups on

chronological age, hearing age, and developmentala  ge measures.

Dependent Independent Comparison Mean Significance
Variable Variable Difference

College Degree of Combined HS 5.46 0.11

Chronological Age Higher Some College -1.41 0.69
Combined HS Some College -6.88 0/06

College Degree of Combined HS 6.51 *0.08

Hearing Age Higher Some College -0.51 0.86
Combined HS Some College -7.02 *0.03

Developmental Collegg Degree of Combined HS 7.99 **0.01

Age Higher Some College 2.64 0.40
Combined HS Some College -5.35 0/97

*p=0.05 *p=0.01
Table 11 shows the percentages of children with OHIs within maternal educatiqs .gr
Among maternal education levels, children with hearing loss who have Olided9.4% in
the Combined HS group, 20.0% in the Some College group, and 26.3% in the College Degree or
Higher group. The Combined HS and College Degree or Higher groups had #s¢ dend)
similar percentages of CWHL with OHIs. The Some College group had the snpalieentage
of CWHL with OHls. The total percentage of CWHL with OHIs in this study 285% of 51
children, which isslightly lower than 39.3% which is the percentage of CWHL in the US with

co-morbid OHIs (GRI, 2008).
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Table 11: Distribution of children with OHIsasap  ercentage of maternal

education groups.

Maternal Education | Percentage of children
Level with OHIs
Combined HS 29.4%
Some College 20.0%
Collegg Degree or 26.3%
Higher

Dependent Variables
Table 12 shows the mean, standard deviation, and range of AWC and CTC percentiles
across maternal education groups. All three maternal education groupghagvely similar on
AWC measures with their means and standard deviations. Means increased oe&lmas
each level of maternal education increased. Standard deviations for CTCeanedmwed
similarity across the three educational groups.
Table 12: Mean, standard deviation, and range of AW  C and CTC percentiles by

maternal education level.

Dependent Maternal Mean Standard Range
Variable Education Level Deviation g
Combined HS 63.5 27.8 1-97
AWC C:S()cilrgeeclg)ge?(eee 66.4 28.3 7-99
ge Leg 65.5 29.6 1-99
or Higher
Combined HS 47.8 34.6 1-99
Some College 51.1 35.8 6 -99
crTc College Degree
ge Leg 70.6 32.3 2-99
or Higher

MANOVA was conducted to test for differences between maternal education groups
AWC and CTC percentile measures. No significant differences were obtanoed) anaternal
education groups as a whole along AWC or CTC measures at the 0.05 probatiljty lesser

degree of significance was obtained at the 0.10 level for CTC measures, asTae iL.3.
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Table 13: MANOVA testing for statistical difference

28

s between maternal education

level groups on AWC and CTC percentile measures.

Type Il
Indep.endent Depgndent Sum of | df Mean F Significance
Variable Variable Square
Squares
Maternal Educatiorf AWC Percentile| 70.72 2 35.36 0.43 0.96
Level CTC Percentile | 55849.21| 2 | 2746.47 | 2.36 *0.10

* Significant at the 0.1

probability level.

Post hoc testing was performed using Fisher’s Least Significant @ifferto uncover

any possible differences between individual groups. The results of LSD possting &&e seen

in Table 14. There was a slight impact of maternal education on CTC perossdibeires.

Significance was obtained at the 0.05 probability level between maternal edugratiips on

CTC measures when comparing College Degree or Higher with Combinesht{& g

Table 14: Fisher's LSD post hoc analyses between ma

AWC and CTC percentile measures.

ternal education groups on

College Degreq Combined HS 2.00 .835
AWC or Higher Some College -.87 .930
Combined HS| Some College -2.87 778
College Degreg Combined HS| 22.87 *.050
CTC or Higher Some Collegel 19.50 104
Combined HS| Some College -3.37 782

*p=0.05

Research Question 3: What is the combined effect of home language and maternal education

on adult words and adult-infant interactions?

Dependent Variables
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Table 15 shows the percentages of the families within home language and maternal
education groups. There were trends in the language groups for maternal eduagtion le
Monolingual families displayed higher numbers in the College Degree or Hjghgp for
maternal education, and lower numbers in the Some College group. Bilingualdahsptayed
higher numbers in the Some College group for maternal education, and lower numbers in the
College Degree or Higher group.

Table 15: Percentage of families within home langua  ge and maternal education

groups ( n =51).

Maternal Education Level
Home Language Combined HS Some College College Degree or

(n=17) (n = 15) Higher

(n=19)

Monolingual 19.6% 11.8% 27.5%

(n = 30)

Bilingual 0 . )
(n=21) 13.7% 17.6% 9.8%

Table 16 shows the percentages of children with OHIs within home language and
maternal education groups. There was a large variation in the distribution of iafaht¢hildren
with hearing loss in each group by maternal education and home language. Monalniiguzth
with hearing loss who present with OHIs included 30.0% in the Combined HS group, 33.3% in
the Some College group, and 28.6% in the College Degree or Higher group. Bilin¢garainchi
with hearing loss who presented with OHls included 28.6% in the Combined HS group, 11.1% in
the Some College group, and 20.0% in the College Degree or Higher group. The largest
percentages of children with OHIs were in the Monolingual College Degregbetand the
Bilingual Combined HS groups while the smallest percentage was in theuili@gme College

group.
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Table 16: Percentage of children with OHIs within h  ome language and maternal

education groups.

Maternal Education Level

Home Language Combined HS Some College College_ Degree
or Higher
Monolingual 30.0% 33.3% 28.6%
Bilingual 28.6% 11.1% 20.0%

Table 17 shows the means and ranges of AWC and CTC percentiles for thesfamilie
within home language and maternal education groups. AWC and CTC measuregdhieas
both monolingual and bilingual families as each level of education increased, witltéipdi@x
of AWC measures for the Monolingual College Degree or Higher group and the GiS0nese
for the Bilingual Combined HS and Some College groups, which were relativelgrsiin
should be noted that two of these groups have the highest percentages of CWHL witl OHIs

this study.

Table 17: Mean and range of AWC and CTC percentiles by home language group.

Home Language P'\ircentne Combined HS Some College Collegg Degree

easure or Higher

Monolingual AWC Mean 67.3 74.66 60.9
AWC Range 1-97 36 -94 1-99

Bilingual AWC Mean 58.14 60.88 78.4
AWC Range 21 -89 7-99 50 - 93

Monolingual CTC Mean 44.5 51.33 66.5
CTC Range 2-99 6 — 98 2-99

Bilingual CTC Mean 52.42 51.0 82.2
CTC Range 1-99 10 - 99 53 -99

MANOVA was conducted to test for the combined effect of home language and maternal
education on AWC and CTC percentile measures. No significant differencesitamed on

either measure at neither the 0.01 nor 0.05 probability levels.
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Chapter 5: Discussion
Research Question 1: What is the effect of home language on adult words and adult-infant
interactions?

The data in this study supported the hypothesis that there should be no effect of home
language on adult words and adult-infant interactions. Results indicated that¢nenso
significant differences among child characteristics, adult words, andiafurt interaction
measures between home languages. This finding in the current studgisgesdrwith Gilkerson
and Richards (2008a) findings that found no significant differences between AWC i
monolingual English and monolingual Spanish-speaking families with typialieloping
children. This information has great importance for interventionists wovkitingfamilies from
culturally and linguistically diverse backgrounds.

As the population of bilingual and even multilingual CWHL grows, it is essential tha
their families are able to communicate with their CWHL and supportrihéire home
languages. When possible, a bilingual speech-language pathologist traineésroissultural
and linguistic diversity, who speaks the child’'s native language, should treailthe c
(Roseberry-McKibbin, 1994) and interact with the family. However, becausagualispeech-
language pathologist is not always readily available, a trained péapional can be used to
conduct treatment in the child’s native language (Mattes & Omark, 1991). Whieerrggtion
is available, monolingual SLPs should collaborate with other related spscsaich as:
psychologists, resource teachers, ESL specialists, bilingual teaciteasdes, trained
paraprofessionals, or administrators, who speak the native language of thcbdddrry-

McKibbin, 1994). In regards to bilingual CWHL, professionals have suggested similar
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recommendations and service models for both assessment and treatment prddedgtas &
Zarate, 2010).

Traditionally, many bilingual families with CWHL, who have chosen an auddoai/-
approach, are asked to switch to speaking only English since English is the lapiginege
therapist (Rhoades & Chisolm, 2001). Problems with this include decreased engageme
between parents and their CWHL (Tabors, 1997), parents being unable to provige qualit
language models in English that they could provide in their native language, and possible
communicative frustrations between the family and therapist or the parehthild (Guiberson,
2005). Interventionists must encourage parents to communicate with their childrerhasing t
language in which they are most comfortable. Research has shown that chitdreochiear
implants who are engaged in language rich environments show better outcomesagdang
development and better success with auditory-oral skills (Stallings et al., Bad@equently,
parents’ comfort level and ease with their home language will guide commanieatl
facilitate their ability to provide language rich environments to @G@#HL, which will promote
listening and spoken language development. This data supports that the parent-infatibimgera
were not significantly different by home language with monolingual English &ndual
Spanish/English families with CWHL,; thus, there are no adverse effebitngual language
environments for children with hearing loss.

Limitations of the study included the lack of specificity for the level of pieficy in
each language of bilingual family members, which in turn could influencewadrdtcount and
adult-infant interactions. For this study, parent infant advisors reported tfiaegahome
languages were Spanish/English bilingual. For many parents whose plamgugge was

Spanish, some were being served by English-speaking parent advisors, whilestieepéher
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parents who were served by a bilingual Spanish/English-speaking pareot ddepending on
the language of the therapist, and the English proficiency level of thetpaies language of
intervention for these bilingual families was either: English, Spanishdangr Spanish only.
However, this study did not rate or measure parents’ bilingual skills andlgwedficiency in
each language in any way. In addition, research did not rate or measw@eotioéngs for the
percentage of languages used in each sample. Level of bilingual profisemportant
information to have because often bilinguals have a variety of skills in eacla¢gndan
addition, factors that can influence proficiency include age of acquisitiomenaf acquisition,
current language patterns, modalities of expression, and context affectinmative
interactions (Grosjean, 1998).

Further research may examine families’ level of proficiency in eaguége on a
continuum and rate each LENA recording with percentage of languages used mplee $his
could be done with a questionnaire for level of proficiency in each language aord thet
affect proficiency. Although, currently no formal standardized questionnasts én regards to
determining level of proficiency in each language for bilinguals. Howeaveraictice,
professionals working with bilingual CWHL report that they have parentsuilinformal home
language questionnaires, they informally rate parents’ Basigpérsamal Communication Skills
(BICS) and Cognitive Academic Language Proficiency (CALP) skillsnomins, 1979), they
have families take data on percentages of exposure in each language havehiamilies
choose bilingual facilitation strategies to ensure best possible outcontlksif bilingual
CWHL (Stokes, Sackett, Muhs, Steinwinter, & Dimaio, 2010). Percentages éama&of input
and exposure in each language are important factors because research has stroounthef

input in each language relates to the relative size of vocabulary in each langhage w



NATURAL LANGUAGE ENVIRONMENTS OF CWHL 34

simultaneous bilinguals (Marchman & Martinez-Sussman, 2002; Pearson, Ferhémdsieg,
& Oller, 1997). In the present study, specific data about language of infervant language of
the therapist were not reported, yet, these records should be included in follow up $tudies
information could also influence a child’s speech-language and auditory devatopme

Furthermore, researchers should use a bilingually trained speechgarmathologist to
evaluate BICS and CALP of parental bilingual skills and listen to the satoptiesermine
percentages of each language being used. Examining languages used in eachaabwle m
important because linguistic features of each language may impact nseasure

Additional data in future studies may include information on language of inteme
parents’ bilingual skills, and factors that may influence those skills, ant/faati-reported
percentages of how much input in each language that these CWHL are receivaggisshes
would be important to address because they could affect language use and langnage inc
home language environments, which may impact AWC and CTC measures. Thenimkss
because level of proficiency and percentages of languages used in the samples sitlyd pos
influence adult words and adult-child interaction measures.

Another limitation of this study was that adult word count and conversational turn
percentile measures may be language dependent. LENA word conventions asuecchbey
advanced audio processing algorithms developed for the Audio Processing Systeas that
broken down by information flow, feature extraction, and segmentation identificaticse The
specific audio specifications were developed for the LENA hardware and soffwaad, Baer,
Xu, Yapanel, & Gray, 2008). Validity and reliability research studies dene with LENA data

to obtain a normative sample with typically developing children with particifeomtsEnglish-
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speaking households only (Gilkerson et al., 2008; Gilkerson & Richards, 2008b; Xu, Yapanel, &
Gray, 2009).

Using these norms may be problematic when comparing participants fronudiling
households. As previously mentioned in the methodology, the normative sample may not be
culturally and ethnographically appropriate similar to these CWHL. Mew&u (n.d.) looked
at the accuracy of the LENA system for monolingual Spanish Adult Word Count€)Awiere
seventy-two 10-minute segments were examined for transcriber-basefdAebased AWC
validity. In his study, the LENA-based AWCs were higher than the transtrdsed counts in
Spanish-only samples. In spite of these findings, no significant differareresfound between
the two measures. Consequently, there may be possible effects of the rahitstiucture for
Spanish language; therefore, the algorithm may give Spanish more credit for numbesof
due to syllable counts. However, Xu’'s study was done with a small number of samngle
segments were examined where the language was monolingual SpanishENWsNay not be
reliable or valid for bilingual Spanish/English families. Though, the data tihencurrent study
with monolingual and bilingual CWHL is a substantive contribution to the LENA datétrase
future research endeavors.

Although there is a database validating recordings (Xu, n.d), normativectesaaties
have not been published for monolingual Spanish or bilingual Spanish/English $amithe
typically developing infants. However, there are related studies in psodgrese Fernald at
Stanford is doing an independent validation of Spanish Adult Word Count (K. Pistone, personal
communication, March 16, 2011) in addition to her research presented at the bneafnati
Society on Infant Studies on language environments of English and Spanish indamad(B:

Weisleder, 2010). Francisco Palermo will present on a study examining Spaeisking
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Preschoolers’ English Acquisition: A Study of Bilingual Language Dmprekent Using LENA at
the 2011 LENA User’s Conference (LENA Foundation, 2011). Thus, there is a dire need for
bilingual Spanish/English normative data sample with validity and reliaditibe with typically
developing children to compare CWHL.
Research Question 2: What is the effect of maternal education on adult words and adult-
infant interactions?

The results for research question two indicated no significant differémcesternal
education along AWC measures. There was a slightly significant impacitefmal education
on CTC percentile measures when comparing College Degree or Higheromthir@d HS
groups. The findings do not entirely support the hypothesis made at the beginnisgafptn,
that maternal education level would affect AWC and CTC measures. The data shaive
maternal education level did not affect AWC and it slightly affected CT&suores.

An important factor in these measures was that the LENA device recordeadytite
mother’s words in the environment, but all adult words in close range, and not only mottier-chil
conversational turns, but any adult-child alternations throughout the day. Consequently
maternal education level may have no direct correlation with these med3usasay be due to
the fact that LENA measures are based on recording all adults in the chuotanenent,
possibly obscuring the effect of the parent.

Another limitation in the design of this study was that groups for maternal exuesdre
relatively small, leading researchers to combine the high school educaBbgreups. If groups
had been larger and distributed evenly among the four levels, there may have been a mor
distinct impact between highest and lowest groups. With two education level groups,

Greenwood, Thiemann-Bourque, Walker, Buzhardt, & Gilkerson (2011) examinedllyypic
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developing children using LENA recordings and maternal education to dagee§&S groups.
They found no significant differences between LENA AWC, CTC, and child votahzgCV)
measures among the 30 families in high and middle SES groups in their studyrérstudies,
groups should focus on larger samples, with four different levels of educatiorlpossi
expanding the study to examine differences on all LENA measures (AWC, G/Carg@ using
a population of CWHL.

In addition, it should be noted that in Yoshinaga-ltano and Gilkerson’s (2010) study,
researchers found that maternal education level began impacting languagessutro@WHL
at 84 months of age. However, the participants in this study were in a birth tpdheeéinfant
program and ranged from 5 to 40 months of age. Children in older age groups did not fgarticipa
in this study. Other researchers’ work (Moeller et al., 2007a, 2007b), with CvghiL10 to 24
months of age, displayed no significant differences between groups among@oaimiecstatus
or maternal education levels on the phonetic development of CWHL when controlling for
differences in vocabulary. Researchers noted that the ability to pasioipalongitudinal
research study may give these lower SES families greateisdmsligsto resources and
experiences that they would otherwise not have (Moeller et al., 2007a, 2007b). In addition, whe
looking at early-identified and late-identified CWHL, Yoshinaga-Iltano (20@3)d that
regardless of SES measured by maternal education level, earlyigtkeatiiidren had better
language scores than later-identified children. She also suggested thatiateorsation
program may provide an equalizing effect to advantages associated with hagimee iand
education levels in families for CWHL.

As for other information found in the results, the data showed an impact of maternal

education on hearing age and developmental age. Significant differencesbteened between
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maternal education groups on developmental age measures when examinigg Defjece or

Higher and Combined HS groups. Statistical differences were obtained betweemaina

education groups along hearing age measures, when examining College Détigbenoand
Combined HS groups, as well as Combined HS and Some College groups. This is an important
detail in the characteristics of the CWHL in this study. When examining adudsvand adult-

infant interactions, not only are the adults an important aspect of the irterdett the children

are just as important as well.

The data showed a fairly even distribution among Some College and College Degre
Higher groups in regards to hearing age and developmental age. The Combinednd %mae
standard deviations consistently displayed lower numbers for age measueshkaring ages
in the Combined HS group may imply that families in this group have CWHL who were
identified later and they may have had less accessibility to early sxapdih. Lower
developmental ages in the Combined HS group may be related to the fact thas fiantilis
group have CWHL with more OHls related to their etiologies of hearing loske€g findings
may be related to the impact of lower maternal education level correldkeldwer SES, which
in consequence, results in these children possibly having limited in exposure arpdiiereces
that has led to their lower developmental levels.

In addition, lower CTC mean measures found for the Combined HS groups may be due to
the fact that adults are tuning to the lower developmental levels or tuning tevirenlearing
ages of their CWHL. Or it could possibly signify that adult words and adult-infanaatitens in
this group are in fact lower than those of families with higher maternaheduadevels.

These lower measures motivated researchers to question whether thetgghas a

number CWHL with OHlIs in this group. The increased number of children with OHls could
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possibly be related to lower developmental age and lower CTC measuresigftibera factor
in lower measures because 29.4% of these children in the Combined HS maternareduca
group present with OHIs. The mean developmental age for this group was 9.1 monthikevhile
mean CTC percentile measure was 47.8. In contrast, children from College Degrglecor
maternal education level families had 26.3% children with OHIs. The mealoplevatal age
for this group was 17.1 months, while the mean CTC percentile measure was 70.68Table 1
demonstrates the comparison of percentages of CWHL with OHIs, mean devebl@gest
and CTC mean percentiles among Combined HS and College Degree or Higheoedenaits.
Although the groups had similar proportions of CWHL with OHIs, the mean developragatal
and CTC percentiles differed substantially. There was a large discrdpetm@en measures for
both groups on developmental age and CTC percentiles regardless of similargesceht
CWHL with OHIs. This may demonstrate that children with OHIs did not skewe thes
developmental ages and CTC measures for the lower maternal educationdepel g
Nevertheless, the severity of OHIs on cognitive, linguistic, and satiatienal development
was not part of this study and this information could impact these measures as well.

Table 18: Comparison of percentage of CWHL with OHI s, mean developmental

age, and CTC mean percentiles among Combined HS and  College Degree or

Higher education levels.

Percentage of
Mat_e mal CWHL with Mean D_evelopmental Age Mean CTC Percentile
Education Level OHls in Months
Combined HS 29.4% 9.1 47.8
College Degree
or Higher 26.3% 17.1 70.6

Future data collection of information pertaining to OHls in like studies should entai

severity and impact of OHIs on development. In addition, future research stunlidd attempt
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to determine if children from these lower maternal education groups areahresie for more
severe OHls that may impact development.

However, because there were similar percentages of CWHL with OHEmbiGed HS
and College Degree or Higher groups, these outcomes of lower developmeraiad dower
CTC measures may have resulted from a lack of language exposure anchegpen¢he
environments of these CWHL. Early intervention programs and professionals shouldreetw
this information and purposefully facilitate increased rich language expogpegiences, and
parent-infant interactions for clientele from lower maternal educgtioumps and lower SES
backgrounds.

In summary, results indicated that children from families with lower mateducation
levels had statistically significant differences in regards to lowerrtgeages, lower
developmental ages, and lower adult-child conversational turns compared witaSawtth
higher maternal education levels. All three variables are important taleomnsithe intervention
process.

Significant differences were found among lower maternal educatiors kardbwer
hearing ages. Research supports that early identification and early intemametfundamental
to the success of speech and language development for children who are deaf ahtdeing
(Moeller, 2000; Yoshinaga-ltano, 2003). Early identification of hearing loss and ajpeopri
amplification are crucial so that CWHL are able to benefit from th&cak periods” of
neurological and linguistic development (Clopton & Winfield, 1976; Johnson & Newport, 1989;
Lenneberg, 1967; Marler, 1970; Newport, 1990). Groups with increased maternal education
levels may have more access to earlier amplification. Lower heagiesgyin this study indicate

that these children in lower maternal education families are either bleintfied late or
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receiving access to amplification later than children in other groups. Beseaand
interventionists need to be aware of this information, which suggests that this group’s
accessibility to early identification and amplification is more kdithan that of groups with
higher education levels. This is important to know, so that further research id#y gwat this
is in fact what is happening and examine why it is happening. While EHDI programs,
audiologists, early intervention programs, and therapists can change timgatyntpfamilies
with lower maternal education levels and families of lower SES backgronibessure that their
children are being screened for hearing loss. If hearing loss is preséegspmals should
ensure that children from these backgrounds are appropriately identified andeahnpléi
timely manner, because they may be more at risk for falling through thes.crac

Research Question 3: What is the combined effect of home language and maternal education

on adult words and adult-infant interactions?

The results for research question three showed no significant diffefenties
combined effect of home language and maternal education on AWC and CTC percentile
measures. This data supports the original hypothesis that the combined effect tdritprage
and maternal education level would have no impact on AWC and CTC measures.

However, researchers observed trends in the data that indicated AWC and Gltesea
increased for both monolingual and bilingual families as level of educatiomsectewith the
exception of AWC for the Monolingual College Degree or Higher group and CTC for the
Bilingual Combined HS and Some College groups (these were essentiallyntje As/C for
the Monolingual College Degree or Higher may be lower than that of other gindps
consequently does not follow the trend because this group had the highest percesttddyeiof

with OHls.
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Interestingly, results showed a slightly higher range of percentitdslinguals among
AWC measures, with monolinguals that ranged from 60.9 -74.66 and bilinguals that ranged from
58.14 - 78.4. Consequently, bilinguals had a substantially higher range of counts for CTC
measures as well. Monolinguals ranged from 44.5 - 66.5 and bilinguals 52.42 - 82.2 among CTC
percentile measures. In this participant sample, the monolinguals had 9.81% rdoea etith
OHls. Thus, monolinguals may have overall lower CTC measures because of thgeidcre
percentage of children with OHIs. However, as previously mentioned the nggrsatnple was
done with English-only families and percentile measures for this data veztevith these
norms. It is also possible that the higher ranges for AWC and CTC measures aenbitiggual
families could be due to the increased multisyllabic structure of the Spanisiadgng

Finally, the study found no significant differences from the combined effect & hom
language and maternal education level on adult words and adult-infant interactidlbly poss
because of limited sample size. While a considerable amount of famikeS1) participated in
the study, when groups were categorized into two languages, and difffweatien levels,
group numbers became smaller. This study combined four maternal educationigi@tipge
because of small group numbers and uneven distributions. There is a possibility that no
significant differences were found for the combined effect of dependeablesidue to the
small size of categorized groups. To expand this study, a larger sam@baiitk be used with
similar percentages of CWHL in OHls in each group. The larger sample shouldass ha
similar number of families in groups with 4 education levels, representative d&ti@ensus
categories.

Limitations of the Study
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As previously mentioned, there were noteworthy limitations of the current study
pertaining to each research question. The following discussion will describemaldit
limitations and suggest ways to overcome those confines.

While LENA technology is innovative and has the possibility to break through many
research limitations, the hardware and software system is still onipputerized program and
it is important to recognize those boundaries. This study relied on softwarefgsia of AWC
and CTC percentile measures due to time restrictions. It took Hart aegl Ri8b5) six years to
type, transcribe, code, and analyze the findings in their study with 42 frthites, the many
hours of transcription required to validate these findings were beyond the linthssgdroject.
An imperative step to overcoming this limitation would be to validate LEN® Bigstem
measures through handwritten transcription of the data in future research.

In this study, the very first LENA sample recorded after the childwvedeamplification
was selected for analysis. The earliest sample with hearing technedsgselected to minimize
the effects of intervention and guidance from parent-advisors that might gossielase
measures due to the positive effects of intervention. However, the drawback of takorgyone
recording from one day in the lives of these families was that the recordyngahhave been a
representative sample of their true abilities. The LENA Foundation suddkate
interventionists may want to take three baseline recordings to minimize wibdtiae effect (K.
Pistone, personal communication, April 5, 2011). The solution to this would be to take three
LENA samples without intervention to get the most accurate measure of galgfsfabilities
on AWC and CTC measures. This approach is unlikely, however, because the thieegists
intervention as soon as possible and do not wait until three LENA samples aretgiken t

families feedback and counseling.
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In addition, due to the nature of prelinguistic hearing loss, it could be argued that
intervention begins at the time diagnosis, as families receive counsehmg@rfobessionals about
communication options, amplification, and different intervention methods, which in turn, may
affect the way that parents interact with their children. Linguistieariched parent-child
interaction is the goal of early diagnosis and intervention for CWHL. If thesv@htion begins,
in some small way, at diagnosis, the initial LENA samples in this stadgraed after children
received amplification, may not represent a true “pre-intervention” samipéeresults of this
study that showed no significant differences for the combined effect of homeadgngnd
maternal education may indicate that early diagnosis, amplification, amneimtien are working
and these families are adapting their interactions to the needs of their CWHL

As suggested by Yoshinaga-ltano and Gilkerson’s research (2010), quite possibly
maternal education level is not a predictor of language outcomes until 84 months for. CWHL
Thus, researchers may need to extend this study to include CWHL from 0O to 18 gears ol
order to study the impact of maternal education level throughout children’s iritaadulthood.

Another notable restraint of this study was that when examining LENA AWC a@ad C
measures among maternal education levels, LENA recorded every adult onerent, not only
mothers. Other researchers have shown that maternal education level hasostedaiipas for
SES, and maternal education level is often used as a predictor for SES withytgeiealoping
children (Dollaghan et al., 1999; Hart & Risley, 1995). However, perhaps, due to theafatur
the measures taken in this study, SES should have been used instead of material éshatat
It may be necessary to collect specific information about SES which shouldbeed with
CWHL and that information may show significant differences.

Future Research
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In future studies like this one, an important data set that researchers may walide
be additional LENA measures such as child vocalizations (CV) and automatizaboal
assessment (AVA) age. CVs are the amount of babble, words, and “protophones” @agbrespe
communicative sounds produced by the child (Gilkerson & Richards, 2008a). AVA age is a
estimate of how adult-like the child’s speech is by counting the variety of soursdmnyihe
vocalizations (Gilkerson & Richards, 2008a). These would be important variables to conside
because child measures could help further explain adult measures like AWC andh@€rieC. T
may be patterns similar to those found in the results of this study, or aalsunes may display
unique similarities or differences as well.

Furthermore, it was beyond the scope of this study to examine specific cuttliral a
linguistic differences between English and Spanish/English language deeeloptowever,
these differences in language development can influence features of adulameetiult-child
interactions and may impact numbers for AWC and CTC measures.

With regard to home language, a combination of input and the types of words being
learned may impact the lexical development of bilingual children. Additionad &wesxplore
may include type-token ratio (TTR) to obtain numbers for the number of differedtramts
and word types across languages. TTR would help researchers examine lamtags and
variety in vocabulary between languages. Furthermore, cultural differbete@een language
groups need to be investigated in regards to adult word and adult-infant interactioresieas
Research should be done to replicate the Hart and Risley study (1995)liwghdbifamilies to
observe, listen, & quite possibly code these interactions differently becausaldérmtitural

influences.
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Additionally, in reference to maternal education level, further researchnclage
obtaining data for type-token ratio to and the number of different word roots aduzsdien
levels. Researchers should examine these measures to investigatediddgtesences and
language richness that could explain results in this study related to lewsdopmental ages and
lower CTC among lower maternal education levels. There may be cultdeaéddes in lower
education level groups partially due to lower SES backgrounds in these $a®dimae research
has suggested that there are less social interactions in mother-infant dgadri8ES families,
which in turn, may be a factor in the lower language levels of development (Fistk&rRan,
2003; Hoff, 2003; Hoff-Ginsberg, 1991; Pan, Rowe, Singer, & Snow, 2005; Roberts, Burchinal,
& Durham, 1999). Lower SES and lower maternal education levels could affect views on
language development, the type of parent-child interactions, and the typedsfused because
of less economic resources and lower parental education levels. Howevechresstll
inconclusive and there is a need to further develop knowledge in this area.

Moreover, cultural differences among social classes may marhésselves in
additional information collected among maternal education groups. Supplemenieeyg figay
include: age of diagnosis and records of when and where these familiesearmge
amplification for their CWHL to investigate what caused lower hearing aghs i@dmbined
HS education level families in this study.

Further Implications for Intervention

In addition, as there is a growing population of CWHL from CLD backgrounds, there is

growing need for professionals trained and equipped with the knowledge and skdik twiti

this special population of children. There is a need for further professional traming
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development in working with multicultural populations and education in cultural and lieguis
sensitivity.

Interventionists should focus on maintaining culturally and linguistically aptepri
practices for diverse populations. This can be done by incorporating the $amaligees and
practices into early intervention (Lynch & Hanson, 2004). Treatment should beddapte
made appropriate for children from minority cultural groups (Bebout & Arthur, 199%;H &
Hanson, 1992). Families should be involved in treatment and it is essential that tharapists
sensitive to cultural attitudes toward communication disorders and treatmentg@mdeBattle,
1993; Cheng & Hammer, 1992; Maestas & Erickson, 1992). Professionals need to have
knowledge of culturally diverse populations and be aware of cultural sensmiottgnly in
regard to different ethnic groups, but with populations from different SES levekllas w

Foundational principles of early intervention programs for CWHL should includé/fam
centered and culturally unbiased approaches, collaborative models, interthsgipbsessment
in naturalistic contexts, and developmentally appropriate practice (Bodner-JohiSsms-&
Lehrer, 2003; JCIH, 2007). JCIH recommends that these programs should support informed
choices, the strengths of the family, their traditions, and their culturassal

In addition, it is essential that assessment and intervention services baocgneasily
accessible to low SES families. It has been noted that children from mifaonities and low
SES backgrounds are most likely to acquire hearing loss during early childiihese. dhildren
are also disproportionately less likely to receive these servicesg\&/Ihtufioz, 2008). One of
the current limitations in the field is that there are state and systegenpnoblems with
communicating information to families in a culturally sensitive and underdienaeanner at all

stages of the EHDI process (White, 2003). However, JCIH noted that the systgmnoging as
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EHDI programs focus on the importance of strengthening follow-up and interventions This
critical for families from lower SES levels that showed lower hgeaiges in this study.

The following is a discussion in regard to the lower developmental ages and lower CTC
measures found in this study for lower maternal education level groups, thariglisva
discussion of specific ways to support these CWHL in lower SES groups.

In 1995, with their monumental research, Hart and Risley questioned the idea of
equalizing early experience through intervention and what could be done fortiheenan
lower SES classes. Hart and Risley calculated that if the averageendiild were to have a
weekly amount of experience equal to that of the child in an average workingachalys that
child would need an additional 41 hours of language rich experiences per week.

In a nation dedicated to giving all citizens equal opportunities, they inquired about what
could be done to give these children from lower SES backgrounds equal opportunities as their
peers from higher SES classes. They mentioned federally funded progdnas Head Start
and the Special Supplemental Nutrition Program for Women, Infants, and Childrép (WI
programs for low-income families that could be used to give these children a jutrp stpual
experiences. In addition, they discussed, in depth, the Milwaukee Project, which was a
comprehensive early intervention program with parent coaching components. Sthey al
suggested intensive quality out-of-home care supplementation programs for titesa that
would consist of engaging learning activities including physical, nutritind self-help
activities implemented by well trained professionals. However, the executeiher of these
intensive programs would be far beyond the scope of efficiency and accountadilay th

federally funded program has ever attained before.
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Nevertheless, Hart and Risley fostered innovative ideas that could be impadnre
programs nationwide to begin equalizing opportunities for children from low SES baokigt
In result, early intervention has grown in the last decade not only for childtenliagnosed
mental or physical conditions and developmental delays. Amendments were madiel® inc
serving children at risk for speech-language, motor, cognitive, and sociabeahakelays and
disorders if intervention services are not provided, under the Individuals with liissbi
Education Improvement Act of 2004 (IDEA, 2004).

Recognition of the importance of early intervention is growing due to increassatch
supporting the idea that infancy is a critical period for neurological devetdapmieen brain
organization is focused on categorizing schemas and the development of thinking about
experiences (Hart & Risley, 1995). Key goals of early language devetdmre understanding
and using words largely in the context of social interactions (Nelson, 1986). Dwesgy th
interactions, children learn word meanings, understand the focus and intention of others, and
how to make their intentions known (Akhtar & Tomasello, 2000; Bloom 2000). Therefore,
parent coaching and parent training is so essential because in infadegrchiexperiences are
mediated by one-one interactions with adults. With regard to CWHL, according ttettender
Graham Bell Listening and Spoken Language Academy, language idiéarost efficiently
through consistent and continual meaningful auditory interactions in a supportive environme
with significant caretakers” (Kretschmer & Kretschmer, 1978; Lenggld®67; Leonard, 1991;
Ling, 1989; MacDonald & Gillette, 1989; Menyuk, 1977; Ross, 1990). Therefore, paremgraini
in Auditory-Verbal therapy and intervention programs likarn to Talk Around the Clock
(Rossi, 2002) are vital in this movement for equalizing opportunities for thesestawmith

lower maternal education levels with CWHL. These programs requixe garent involvement
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and therapist coaching so that parents learn to engage their children and deltheiprimary
facilitator of listening and spoken language development.
Summary

In summary, the findings of this study lend support to interventionists working with
CWHL from monolingual and bilingual families to encourage the use of home laagjuag
advocate for early identification and amplification for CWHL, and implememnparaining and
coaching strategies to facilitate listening and language developmehisfonique population of
children. There are promising developments for the future as this population of Gkt
and there continues to be an overwhelming need for skilled interventionists. loadalitieed
for more research with this specific population of culturally and linguiktidaverse children
with special needs is pertinent to evaluate best assessment and interventioesprett

evidence based research.
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This study was an investigation of the impact of home language and matdunation
on adult-infant interactions involving children with hearing loss (CWHL). Rpatitts were 51
monolingual English and bilingual Spanish/English families from the Sunshingg€&¢thool
for Deaf Children parent-infant program in San Antonio, Texas.

Independent and combined effects of home language and maternal education on adult-
infant interaction were investigated. Data collection was done \aitlgllage ENvironmental
Analysis (LENA) Digital Language Processors (DLP). LENA swas of Adult Word Counts
(AWC) and Conversational Turns Counts (CTC) were analyzed based on 12-houngcarudi
served as dependent variables.

Statistical testing obtained no significant differences between home tpsgoa AWC
and CTC. Significant difference was found between levels of maternal educatidalbimiant
interaction measures. This paper will discuss findings of the study, adelsalis in context to

parent-infant intervention for monolingual and bilingual families of CWHL, anddiions of

the investigation.



