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Abstract

The Language ENvironment Analysis system (LENA) is a tool used for investigating the
audio and language environment of families of young children. To date, its normative data is
in American English (Gilkerson, & Richards, 2008) despite a number of studies testing the
feasibility of this system to other languages (Aragon & Yoshinaga-Itano, 2012; Gilkerson et
al. 2015; Da Prato, 2016; Ganek & Eriks-Brophy, 2017; Canault et al., 2016). The objective
of the present study was to investigate the characteristics of the natural language environment
of Brazilian Portuguese speaking environments of children with normal hearing (NH) (n=7).
A comparative analysis was also conducted with a cohort of children with hearing impairment
(HI) (n=7). The LENA system was used for collecting data. The number of child
vocalizations and adult words correlated well with human counts. Increase in sample size
would generate a stronger correlation between the automated and the human counts. The
natural language environment of the two groups was similar. Significant gender differences
were observed regarding the number of words spoken near the children by the participating
female caregivers in relation to male caregivers. Differences in language performance among

children with HI was associated with the age of fitting of hearing technology.
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1 Introduction

Hearing impairment (HI) affects about 0.2% of the newborn population in Brazil (IBGE,
2015). However, a great number of these children still do not have their HI diagnosed and
remediated within the timeframe suggested by the Early Hearing Detection and Intervention
(EHDI) guidelines (Joint Committee on Infant Hearing, 2007). Therefore, it is necessary to
speed up this process and find more options for supporting the families with relevant
strategies for stimulation of the language and auditory development in these children. By
supporting families with individualized and more specific strategies, it could be possible to
minimize the possible negative impact of the HI on the early language acquisition process in
children with HI, due to auditory deprivation. Consequently, children with HI could then
develop better cognitive, emotional, and social development. Also in the group of children
with NH there is a variation of language development that can be related to their home

environment and factors like socioeconomical status (SES).

This master thesis is paper-based. It means that this study was prepared to be published in a

renowned academic journal (cf. appendix IX).

1.1 Definition of hearing impairment

Kirk, Gallager, Anastasiow, and Coleman (2011) defined hearing loss as an individual’s hindered
ability to perceive sounds from the environment and thereby unable to communicate by listening.
The different types of hearing loss were defined based on the age of onset and the severity of

impairment (Kirk et al., 2011). In this section, a brief explanation of the different types of hearing

loss in relation to the age of onset and its severity was provided.

The language development of a child with HI is understood based on the age of onset of the hearing
loss. If the inability to process auditory information starts prior to the onset of spoken language
development, it is called pre-linguistic deafness. Cases of pre-linguistic deafness have either e.g.
genetic-like non-syndromic cause, connexin 26, or Usher’s syndrome. Hearing loss can also be
acquired at birth or shortly thereafter due to congenital causes, like congenital cytomegalovirus
(CMV) infection, X-linked HL, and prenatal infections. Post-linguistic deafness is an acquired form

of HI due to i.e. trauma, meningitis or virus infections, which happen after a child has acquired



some speech and language (Kirk et al., 2011). Often the cause of deafness/HI is unclear and

unknown.

The severity of an individual’s ability to perceive sound is measured in decibels (dB), which is the
measurement scale used by the World Health Organization (WHO, 2018 May 17). According to
Kirk et al. (2011), hearing losses is an umbrella term used for referring to the various levels of
severity a person’s hearing skills are hindered. It includes the following terms: deafness or Hl,
hearing loss, and hard of hearing. The terms HI or deafness refer to an individual’s moderate to
severe-profound (56-90+ dB HL) inability to process linguistic information through hearing and
listening. The term mild-moderate hearing loss (26-55 dB HL) refers to a temporary or permanent
difficulty in processing linguistic information through hearing. Lastly, the term hard of hearing
refers to all other categories of auditory loss (Kirk et al., 2011). Yet, the WHO (2018 March 15)
referred to disabling hearing loss as being greater than 30 dB* in the better hearing ear in
children between 0 and 14 years.

A number of different terminologies have been used to refer to individuals with reduced hearing
abilities, i.e. deaf, hard of hearing, hearing loss, and HI. In order to avoid any mislabeling, the

term HI is used for referring to this population in the current thesis.

1.2 The Early Hearing detection and intervention

The Early Hearing Detection and Intervention (EHDI) guidelines, also known as the 1-3-6
policy, were established in the United States to urge the diagnosis and the treatment of HI in
young children (Joint Committee on Infant Hearing, 2007; Muse, Harrison, Yoshinaga-Itano,
Grimes, Brookhouser, Epstein, & Martin, 2013). These guidelines suggested that children
should have their hearing screening by 1 month, diagnosis of hearing loss by 3 months and
intervention by 6 months (Joint Committee on Infant Hearing, 2007; Muse et al., 2013).
Following these guidelines would minimize the impact of the HI on children’s language
development (Fulcher, Purchell, Baker, & Munro, 2012; Wake, Ching, Wirth, Poulakis,
Mensah, Gold, & Rickards, 2016; Yoshinaga-Itano, Sedey, Wiggin, & Chung, 2017).

Evidence from research has supported the importance of following the EHDI guidelines
(Fulcher et al. 2012; Wake et al., 2016; Yoshinaga-Itano et al., 2017). To this regard, Fulcher

! Disabling hearing loss: deaf, hard of hearing, hearing loss (mild to profound).
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et al. (2012) observed that children with HI who met the 1-3-6 policy had were matched with
their peers with NH on measures of speech and language at the age of three and achieved
typical language development by the age of five. Yoshinaga-Itano et al. (2017) observed that
children with HI that have met the 1-3-6 policy have higher vocabulary quotient regardless of
processing factors that may hinder expressive language development. Wake et al. (2016)
suggested that children diagnosed with HI with the universal screening test were better at

receptive and expressive language and receptive vocabulary at school age entry.

1.3 Hearing impairment in Braazil

Hearing impairment is a type of disability of high prevalence in Brazil. As of the Brazilian
Demographic Census 2010 (IBGE, census 2010), about 8.7 millions of Brazilians have some
degree of HI, which represents about 5.1% of the country total population. Data from the
Brazilian Ministry of Health? (Brasil, 2012) suggested that HI occurs in a ratio of 6:1000
newborns and between 1:100 and 4:100 preterm babies. Altogether, it is estimated that about
10% of the infants born in Brazil display some degree of HI. According to the Brazilian
National Health Research® 2013 (IBGE, 2015), individuals with severe levels of HI
represented 20.6% of the population although only 8.4% of the total population with HI

received rehabilitation services.

The early diagnosis of HI in Brazilian children has been possible since August 2010 due to
the implementation of the Federal Law #12303. The text of this law demanded that every
hospital and maternity clinic should offer the Otoacoustic Emissions test (OAE) free of
charge to every family of a newborn. Aiming at improving the quality of life of individuals
with HI, the Brazilian Integrated Health System (Sistema Unico de Saude — SUS) is the
responsible agency for providing individuals with HI adequate hearing health services. The
provided services consist of the complete diagnosis of HI, which includes the OAE test and
the Auditory Brain Response (ABR). After the diagnosis, the SUS provides HA, referral to
cochlear implantation (CI) investigation, pre- and post-chirurgical support (SUS oferece

reabilitacdo..., Portal Brasil, 2015).

2 Ministério da Satde
3 Pesquisa Nacional de Saude



Concerned with the high ratio of prevalence of HI among infants, the Brazilian Ministry of
Health elaborated the Neonatal Auditory Screening Program (Brasil, 2012). The guidelines of
this program include (1) support to multidisciplinary groups of professionals working with
child hearing health, (2) child auditory screening, (3) follow-up on infants’ hearing and

language development, (4) diagnostic, and (5) rehabilitation services.

The purpose of the Neonatal Auditory Screening program is to identify the HI among infants
as early as possible. The Ministry of Health suggests the screening to be conducted preferably
within the first 48 hours of life, but no later than the first month of life. The auditory
screening consists of test and retest of infants’ hearing with physiological and
electrophysiological measures. The two tests available are the OAE and the ABR. If the result
was not adequate, the test should be conducted again between 15 to 30 days later. The infant

should be referred to a center of hearing health service in case of unsatisfactory results.

Ideally, the diagnosis of HI should be confirmed within the infant’s third month of life. The
fitting of hearing aids (HA) should be done within a month of the diagnosis. If the HI is
confirmed, the intervention should begin before the infant becomes six months old. Due to the
plasticity of the central nervous system, early intervention favors the development of the
auditory and language functions of the infant with HI. Thus, it supports learning, improves
quality of life, and the inclusion of these individuals in society (Brazil, 2012).

All infants, regardless if they are at-risk or not, should have their auditory development
monitored monthly throughout their first year of life. Children at-risk of HI should be referred
to formal diagnosis, be fitted with adequate HA/CI, and receive speech therapy as established
on the decree MS / GM #835, 25 April 2012.

Despite the implementation of the above-mentioned decrees, reducing the number of people
with HI who do not receive rehabilitation services is a rather challenging task. For this reason,
it is of paramount importance to start with the young ones. Diagnosing HI among the newborn
population following the 1-3-6 policy, and supporting them with rehabilitation services from
early on would minimize the consequences of the language delay due to the HI. It would
enable them to achieve age adequate oral language skills. Consequently, the positive impact

of such practice would linger throughout these children’s whole lives.



1.4 The structure of Brazilian families

In the traditional structure of Brazilian families, fathers are the family providers whilst
mothers are in charge of the house duties and the childcare. However, this structure has been
challenged by the increasing insertion of women in the workforce since the 90’s (De Brito &
Dessen, 2010; Dessen, 2010). Data from the last demographic census, which was conducted
in 2010, have demonstrated the increasing participation of Brazilian women in the workforce
since 2016 (IBGE, 2012; Mulheres ganham espaco..., 2017). The numbers varied from 43%
in 2003, 41% in 2007, 45% in 2011, and 44% in 2016. Even though men have been co-
operating more in-house duties and childcare, women are still the family member in charge of

the family affairs in many households (Dessen, 2010).

The above-mentioned on-going process of both women and men being at work has challenged
the traditional structure of the Brazilian family. It has to do with who is going to be in charge
of childcare while both parents are at work. Wagner, Vieira, & Maciel (2017) suggested that
parents have been finding it difficult to cope with childcare due to their work, and therefore,
they need external assistance. Martins Filho (2012) brought up the idea of crianca
terceirizada (Eng.: ‘outsourced child”). This term refers to children being looked after by
third parts while parents are at work. According to the author, children are more and more
often taken care by an aunt, grandparents, nannies, daycare centers from very early age
(Martins Filho, 2012).

This scenery changes again when the families find out they have a child with special needs,
such as HI. Having a young child diagnosed with HI leads families to adapt their structure and
routines in order to accommodate to the child’s needs and to support her language
development (De Paula Teixeira, Silva, & Lima, 2015). A common example of changes in the
family is structure regards the parents working situation. In such situation, one of the parents,
often the mother decides to reduce her workload or even quit her job to have more time to
take care of the child with HI.

All of the necessary adaptations in the family organization and choices they had to make to
best support their child’s upbringing has an impact on the emotional state of family members.
Tenor & Deliberato (2015) raised the attention to the high expectation parents have on their
child’s language development, especially after CI. According to the authors, the CI promotes

auditory stimuli, which supports oral communication skills of the cochlear implanted child.



However, parents expect that the CI child is going to start talking in no time (Tenor &
Deliberato, 2015). Actually, the development of listening and language skills of a child with
HI depends on factors like auditory memory capacity, adequate stimulation in the family

environment, and early speech therapy intervention (Tenor & Deliberato, 2015).

1.5 The LENA System

The Language Environment Analysis (LENA) system (www.lena.org) is an advanced speech

streaming technology developed by Terrance and Judith Paul in the U.S.A. in 2008. This
technology was developed to measure and to analyze samples of auditory and linguistic
information recorded in the home environment of children age between zero and 48 months.
Therefore, it has been used by researchers and clinicians with the purpose (1) to evaluate the
listening and language development of the child, (2) to demonstrate parents the importance of
early language input by tracking the amount of talk between i.e. parents and their children
(Canault et al., 2016), and (3) to contribute to the development of family-centered

intervention programs aiming at enhancing parent-child daily close interaction.

This software relies on statistical algorithms that turn voice and sound recordings into
measurable data. The basic LENA measures are numbers of adult words (AW), parent-child
conversational turns (CT) and child vocalizations (CV) uttered per hour. In addition, the
software identifies and measures the audio environment during the day measured in
percentage of silence, electronic sounds (TV, iPad), and exposure to meaningful language
(spoken language presented on close distance to the key child) and distant language (spoken
language presented on distance or overlap of speech). All data are presented in four different

composites, namely monthly, daily, hourly, and 5-minute view.

As an advanced speech streaming technology, the LENA system is known for being a non-
invasive instrument for data collection. This system enables the researcher to collect a larger
amount of high-quality audio recordings collected in a naturalistic fashion. It is also known
for facilitating the data analysis because all of the recordings are processed within a matter of
minutes by the LENA software for analyzing linguistic and acoustic information. Therefore,
the LENA system allows researcher to conduct large-scale research and to collect 12-hour
long naturalistic samples of linguistic and auditory information of small children’s home

environment.


http://www.lena.org/

The normative data of the LENA system is in American English (Gilkerson, & Richards,
2008; Gilkerson, Coulter & Richards, 2008). Results of this longitudinal study suggested that
the amount of AW spoken to a child between the ages of zero and three is a predictor of the
child language achievement by the end of that period (Hart & Risley, 1995). The main goal of
the LENA foundation is to strengthen and increase interactive talk in children between zero
and four years of age, for it is considered the critical period of brain development (cf. chapter
2, p. 10). Growing up in a rich language environment positively impacts on children’s social,
emotional, and cognitive development. A number of studies have been conducted for
validating the system to other languages due to the importance of this tool for empowering
families to stimulate and strengthening their young children’s development (cf. section 3.3, p.
16).

1.6 The Brazilian pre-validation study

The LENA system has sparked the interested of researchers around the world because it is
able to explore measures of child-parent interaction patterns in a naturalistic environment.
(Aragon & Yoshinaga-Itano, 2012; Gilkerson & Richards, 2009). As of the author knowledge,
the LENA system has not been tested in Brazilian settings, yet. This master thesis represents

the first step to testing the feasibility of the LENA system in BP-speaking environments.

The present study is part of the international and longitudinal research program ‘Words make
difference’, which is led by Associate Prof. Ulrika Lofkvist from the University of Oslo
(Norway) and Karolinska Institutet (Sweden). The objective of this research program is to
explore the influence of the listening and language environmental factors for the linguistic
and socio-emotional development of young children with HI. The performance of children
with HI is assessed by using the LENA system and then compared to the performance of age-
matched children with NH by using the LENA system.

The investigation of the language and listening environment of Brazilian children of the
‘Words make difference’ research program was conducted in cooperation with Associate
Prof. Cilmara Levy from the College of Medical Sciences Santa Casa and the Santa Casa
Hospital (Sdo Paulo, Brazil). The Santa Casa Hospital is a philanthropic health care unit and
center of reference for CI in S&o Paulo. This hospital provides health services and CI to

children from low-income families with the support of the Brazilian Integrated Health



System. Due to the level of expertise of the professionals working there, its services are also
sought by middle- to high-income families of children with HI. Currently, the Santa Casa
Hospital has agreements with some health insurance companies, so children from middle- to
high-income are also cochlear implanted by its professionals in its facilities.

1.7 Research objectives

The LENA system normative data is in American English (Gilkerson, & Richards, 2008).
Although a number of studies have tested the LENA system in foreign languages, no known
study has so far been conducted in Brazilian Portuguese (BP) context. Because the LENA
system has already been validated in syllable-timed languages (cf. section 3.3, p. 16), it was
therefore hypothesized that this software would be a valid tool for evaluating and monitoring

language development in BP.

The main objective (1) of this master thesis was to pre-validate the LENA system to BP. In
order to do that, it was necessary to investigate the listening and language environment of
Brazilian children with NH with focus on AW and CV. Therefore, it would answer the
question whether The LENA algorithms would generate reliable AW and CV estimates for
BP or not.

The second objective (2) of this study was to explore the language and listening environment
of Brazilian children with NH and with HI measured with LENA system. The comparison
focused on group performance on the language assessment and on characteristics of their
language and listening environment. Gender differences in parent-child interaction were also
taken into consideration. More specifically, this comparative analysis sought to investigate the
involvement of male and female caregivers on childcare and difference in the interaction of
adults with male and female children. Based on aspects of Brazilian culture, it was

hypothesized that female caregivers have more influence on child development.

The third objective (3) of this study was to investigate if there was any correlation among the
LENA system’s variables to children’s age, performance on the selected expressive and
receptive language assessment tests, the amount of exposure to significant linguistic input,
and the level of parental education. Such investigation would provide a clearer picture of how
environmental factors impact on children’s receptive and expressive vocabulary and listening

development. It was expected that older chronological age, early age of fitting HA, and

8



amount of exposure to AW and parent-child CT would positively impact on children’s

language development.

For achieving the third objective, the following questions were asked. Would the number of
CT, CV, and AW increase as children get older? Would an increase in exposure to significant
linguistic input (spoken language uttered close to the child) positively correlate with the
language environmental factors and children’s language performance? What are the
characteristics of language and listening environment of children with NH and their
counterparts with HI according to the SES of their families?

1.8 Importance of this study

To date, normative data of the LENA system are from English-speaking homes (Gilkerson, &
Richards, 2008; Gilkerson et al., 2008). Pre-validating the LENA system for BP is of
scientific relevance, for it could contribute to the work being developed by the LENA

Foundation by expanding the use of the LENA system to other languages.

Second, having the LENA system pre-validated to BP would regard it as a reliable tool for
data collection. In other words, it would provide an understanding of the characteristics of

language and audio environment of Brazilian families from an ecological perspective.

Understanding the existing need of supporting Brazilian families with strategies for
stimulating the language acquisition of their infants and toddlers with HI, the LENA system
could be used as a key component of family-centered programs for accelerating language

development of at-risk children, i.e. children with HI, in Brazilian settings.

1.9 Structure of this thesis

This master thesis consists of five chapters, which are organized as follows. Chapter 1
presents the background, the purpose, and the importance of this study. Chapter 2 presents the
theoretical background that provided the ground knowledge for pursuing this research.
Chapter 3 presents the research design and method. Chapter 4 presents and discuss the results.

Chapter 5 provides a summary of the main findings and recommendations for future studies.



2 Theoretical background

2.1 The nativist theory for language acquisition

The nativist theory for language acquisition claims that the human brain is pre-programmed
with the innate ability to acquire language in the same way as any other biological function
(Chomsky, 1988 & 2011). Chomsky argued that the human brain is endowed with a language
acquisition device (LAD). The LAD enables children to perceive, understand, and organize
the basic elements of a language in any linguistic context. The basic elements of a language
are common features shared by all languages, such as nouns and verbs. These features are
genetic components of the language faculty, which Chomsky called universal grammar (UG).
It means that individuals can independently understand and generate rules of grammar from

the languages to which they are exposed in the environment.

Under the nativist premises, the LAD is activated as soon as children have access to samples
of natural language. Children acquire a language by combining their innate knowledge of the
principles of the UG to the particular structures of the language in the environment. To this
matter, Chomsky (2011) claimed that each individual has an internal language (I-language)
and that a child’s I-language enables her to generate an infinite combination of linguistic

expressions.

The nativist theory has a strong biological basis. It suggests that virtually all children can
successfully learn a language just by being exposed to limited samples of language. It means
that they learn their mother language in a rather natural fashion, without receiving any formal
instructions. However, the LAD only works successfully if stimulated within a specific period
of time. In other words, children’s innate ability for language acquisition happens within the
critical period, which arguably lasts until about the age of four or five (Cipollone, Keiser, &
Vasishth, 1998; Kirk et al., 2011; Lennenberg, 1967). After this period, this innate ability
gradually fades away (Cipollone et al., 1998; Kirk et al., 2011). That is because the LAD
specializes in the mother language and becomes unable to detect sounds and grammar from

other languages.
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2.1.1 First language acquisition and the hearing impaired child

The nativist theory postulate that virtually every child has the innate ability to acquire
language, which lasts for the first five years of her life (Cipollone et al., 1998; Chomsky, 1988
and 2011; Kirk et al., 2011; Lennenberg, 1967). This affirmative applies to children not facing
any cognitive and atypical developmental challenges. Thus, it raises the question of how
children with HI develop their language skills in the light of the nativist theory for language

acquisition.

Kirk et al. (2011) explained that most children with HI have normal cognitive abilities and
that they have the same mechanisms for language learning as their age-matched peers with
NH. Because HI is a silent disability, it only becomes apparent when a child faces audio-
verbal demands. From this point in life, the developmental pathways of children with HI and
NH begin to diverge (Caskey & Vohr, 2013; Kirk et al. 2011). For this reason, specialized
support becomes necessary to close this developmental gap. If a child with HI receives
specialized support for developing their oral language skills within the critical period, this

child will achieve the expected language milestones with ease (Kirk et al. 2011).

The EHDI guidelines are in line with the principals of the nativist theory for language
acquisition (cf. section 1.2, p. 2). Researchers have observed that children whose HI was early
identified (1 month), with early fitting of hearing technology, and followed by an specialized
early family-centered intervention program before the age of 6 months develop better oral and
sign language skills than those who were identified later in life (Joint Committee on Infant
Hearing, 2007; Muse et al., 2013). Thus, the earlier in life a child’s HI is identified and an
intervention program is initiated, the better is the prognosis for an optimal language
development (Aragon & Yoshinaga-1tano, 2012; Gilkerson & Richards, 2009; Hart & Risley,
1995; Kirk et al. 2011; VVan Dam, Oller, Ambrose, Gray, Richards, Xu, ... & Moeller, 2015).

The main goal of intervention programs is to expose children with HI in a rich language
environment for stimulating their language acquisition process within the critical period,
when the brain is most plastic. It has been argued that early intervention begins in the home
environment, and above all, it relies on the active involvement of parents (Gilkerson &
Richards, 2009; Hart & Risley, 1995; Kirk et al., 2011). Therefore, parents have a significant

role in cooperating with the child with HI to attain better communication skills.

11



2.2 The theory of ecological systems

The theory of ecological systems was developed by Urie Bronfenbrenner (1917-2005) in
1979. This theory focus on the evolving interaction between the developing person (child) and
the environment. In other words, the theory represents a relevant approach in relation to the
use of the LENA system. This theory can explain how the environment and social

relationships may affect a child’s development in a wider and ecological context.

On his work, he defined development as ‘a lasting change in the way a person perceives and
deals with her environment’ (Bronfenbrenner: 1979, p. 3). That is because individuals
develop in multiple environmental contexts, and these diverse environmental contexts

influence their development either directly or indirectly.

Bronfenbrenner (1979) talked about the dyadic interaction between two people, also called
two-person system. It means that a pair of individuals undergoes a process of development in
consequence of their two-way interaction. For instance, parents who get involved in
reciprocal interaction with their child not only end up supporting the child’s language

development, but they also learn something from or about their child.

According to Bronfenbrenner (1979), reciprocal relationships may also involve more than two
persons or a larger group. Dyadic interactions are determined by the existence and the nature
of social interconnection between settings, i.e. the amount of information in each setting about
the other (Bronfenbrenner, 1979). Under this view, a person’s development is affected by the
environment events happening in the immediate surroundings. It means that a person may
either be engaged in the activity or simply be present in the environment where a given

activity undergoes so that the learning process can take place.

Being present in the environment where an activity takes place works as an inspiration for the
developing person to undertake similar activities on her own. For example, children learn to
talk by listening to others talking directly to her or him in their nearby surroundings, such as
when one of the parents reads a story for the child while the other does the housework.
Beginning to talk constitutes an evidence that they have learned from environmental events
and join-interaction. This is what Bronfenbrenner (1979) called as a molar activity.
Involvement in molecular activities is a sign of both internal mechanisms and external

manifestation of psychological growth.
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Bronfenbrenner (1979) was concerned with the validity of the results of research conducted in
a laboratory. He argued that the change in environment plays an impact on the behavior of the
developing person. Thus, the possible impact of the research location on its results should be
accounted. For this reason, Bronfenbrenner (1979) proposed a research model that could
expand and converge the theoretical conceptions of environment present both in naturalistic

and experimental approaches to scientific research. This is the idea of ecological validity.

The idea of ecological validity should be pursued and approached even though
Bronfenbrenner (1979) considered it unachievable. Pursuing and approaching the ecological
validity during an investigation promotes scientific understanding of the interaction between
the growing person and aspects of the physical and social environment (phenomenological
validity). The changes in the behavior of the developing person are consequent of changes in

the environment and may be observed across time and space (developmental validity).

Therefore, development should be investigated in context, so the investigation could yield
valid conclusions (Bronfenbrenner, 1979). The investigation of development-in-context
should be carried out under two places and circumstances to be ecologically valid. These
places are (1) the subject’s natural setting because it involves the objects and the activities of
the daily life, and (2) a setting, which contains the properties of the real-live environment
expected by the investigator.

Bronfenbrenner (1979) organized a person’s environment in five systems as described below.

1. The microsystem involves mutual interaction between the developing person and the
people that he or she is directly related to and interacts with daily, such as parents,
siblings, and teachers.

2. The mesosystem consists of the interaction between the different parts of the
developing person’s microsystem and the way their interaction affects her or him. It
reshapes and expands due to these interactions, such as the interaction between the
parents and the speech-language pathologist.

3. The exosystem involves the settings that do not include the developing person as an
active participant. However, the decisions made in these settings somehow affect that
person in diverse areas of development, i.e. change in the workload or unemployment

of a family member.
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4. The macrosystem refers to the cultural environment in which the person lives as well
as all the other systems. It includes the economic situation, the law, the cultural values,
and the political system.

5. The chronosystem refers to the dimension of time in relation to a person’s

development. Time tracks the events during a person’s development.

These systems were organized in a spherical model as presented below.

Figure 1: The theory of Ecological systems
Bronfenbrenner’s Ecological Systems Theory

Chronosystem
Changes Over Time

Macros
Social and Cudtural Values

[xosystem
Indirect Ervvironement

Mesosystem
Connections

Microsystem

mmedine Ervvircnment

Note: Retrieved from: https://www.psychologynoteshg.com/bronfenbrenner-ecological-theory/, on 12 May 2018.
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3 Literature review

3.1 The LENA system and hearing impairment

Ambrose, Walker, Unflat-Berry, Oleson, & Moeller (2015) examined the quantity and quality
of caregiver talk in caregiver-child interactions in laboratory settings. They investigated
caregiver-child interactions with a group of children with NH and another group of children
with HI at 18 and at 36 months. Research results suggested that at the 18-month visit, the two
groups of children (NH and HI) were exposed to a similar amount of utterances and words,
but children with HI were more exposed to directing utterances. At the 36-month visit, both
groups of children were exposed to a similar proportion of utterances, but children with HI

were exposed to fewer proportions of words and lower quality of input.

Research findings (Ambrose et al., 2015) have also suggested that the quantity of language
input provided to children with HI at the 18-month visit was related to the family’s
Socioeconomic Status (SES) level and strong language abilities. The quality of language input
(directing utterances) at 18 months was related to child language abilities at 36 months.
Ambrose et al. (2015) suggested that caregivers provided a higher quality of linguistic input
to children with HI overtime. Differences in the quality of language input received by a child
with NH and with HI suggest that caregivers of children with HI need a specific and
additional support to provide their children with a more effective language-learning

environment.

Aragon & Yoshinaga-Itano (2012) conducted an intervention study with the aim to also
investigate the feasibility of the LENA™ system in Spanish-speaking household of children
with HI. The objective was to investigate the possible differences of LENA™ variables
between English- and Spanish- speaking children with HI in comparison to English- and
Spanish-speaking typically developing children with NH. However, the results indicated a
relationship between the HI and NH groups regardless of linguistic background were
comparable to the LENA™ normative English-speaking data (Gilkerson, & Richards, 2008).
The relationship was visible in the amount and type of language to which the cohort of
children with HI was exposed to in their home environment. More specifically, the group of
children with HI performed better than the English norms for AW, and their performance was

equivalent on CT. In comparison to their TD Spanish-speaking peers, they performed below
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average in CV, but above average on AW. Aragon & Yoshinaga-Itano (2012) argued that the
children with HI needed a higher amount of language input to develop language levels

comparable to NH peers.

Da Prato (2016) was interested in pre-validating LENA in Italian. The objective of this study
was twofold. First, it aimed to investigate the listening and language environment of
monolingual, Italian speaking children with NH. Second, the study explored the language and
listening environment of each child with NH and with HI and related it to environmental
factors measured with LENA. Da Prato (2016) tested the accuracy of LENA estimated by
comparing it to human counts of CV and AW of a 15-min sample of conversation with high
parent-child CT. Research results suggested that there was a correspondence between hearing

and linguistic stimulation and spoken language development (Da Prato, 2016).

3.2 The LENA system and SES

Children’s language performance based on CV, AW, and CT measures have previously been
been associated to their family’s SES (Aragon & Yoshinaga-Itano, 2012; Nilsson & Olsson,
2015; Suskind, Leffel, Graf, Hernandez, Gunderson, Sapolich, & Levine, 2015; Weisleder &
Fernald, 2013; Wood, Diehm, Callender, 2016). It has been suggested that increasing the
amount of child-directed speech directed to infants of families of low SES level would boost
children’s vocabulary outcomes and real-time language processing skills (Weisleder &
Fernald, 2013). In time, it is important to have a cohort representative of the whole population
in order to achieve more population-based and valid results. In the Swedish validation study
(Nilsson & Olsson, 2015), the number of parents between the ages of 25-44 who had a high
school diploma was of 25% of the sample whereas the distribution based on the Census 2012
was of 52.5% of the population.

3.3 Validation studies of the LENA system in other
languages

The LENA™ normative data are from English-speaking homes (Gilkerson, & Richards,
2008; Gilkerson, Coulter, & Richards, 2008). Currently, the biggest challenge being faced by

its designers is to refine the system acoustic parameters for word counting taking linguistic

diversity into consideration. Interested in this challenge, researchers have explored its
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accuracy in the analysis of the language environment in Spanish (Aragon & Yoshinaga-Itano,
2012), European French (Canault, Normand, Foudil, Loundon, & Thai-Van., 2016), Chinese
(Gilkerson, Zhang, Xu, Richards, Xu, Jiang, ... & Topping, 2015), Italian (Da Prato, 2016),
Vietnamese (Ganek & Eriks-Brophy, 2017), Korean (Pae, Yoon, Seol, Gilkerson, Richards,
Ma, & Topping, 2016), and in Swedish-speaking families (Nilsson & Olsson, 2015; Schwarz,
Botros, Lord, Marcusson, Tidelius, & Marklund, 2017). A summary of the above-mentioned

research is presented below.

Canault et al. (2016) conducted a reliability study aiming to investigate the accuracy of the
LENA™ in European French-speaking homes. Data from this study resulted in the following
results. Considering the phonetic and acoustic features differences between English and
French, the authors observed a significant correlation between the automated and the human
counts of AW (rs=.64, p< .001) and CV (rs= .71, p<.001) (p.1114). Although the AW and
CV were underestimated in comparison to the human counts, it did not prevent the LENA

system good reliability between the LENA automated and the human count for French.

Canault et al.’s (2016) research also demonstrated that analyzing 1-hour recording (6 chunks
of 10 min) for correlating the automated and the human counts were enough for obtaining a
reliable sample for both estimates when controlling for random effects of participants and of
recordings (Canault et al., 2016). Therefore, the reliability of the data strengthened with a
greater volume of data. Finally, it was observed that the LENA™ counts were not affected by
noise-related factors, such as overlapping near noise. However, the human counting method

was more effective in the presence of substantial noise.

Gilkerson et al. (2015) were interested in the performance of the LENA™ system for Chinese
and Mandarin. Their main concern was whether this automated, algorithm-driven system was
sensitive to differences in geographically, linguistically and culturally diverse environments.
The authors hypothesized that the LENA™ system is not language dependent because it
measures speech segmentation of the audio stream by identifying the sound sources. Research
results suggested that the LENA™ system was sensitive in identifying adult and child voice
patterns although it mixed up mothers to key child voice due to the rise in pitch associated

with motherese voice.

Gilkerson et al. (2015) also observed that there was a strong correlation in (1) CT (r=.72, p<
.001) and AW (r= .73, p< .001) between LENA and human counts for Chinese (2) the
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reliability measure for the Chinese sample was comparable to the American-English one, and
(3) AW and CT performance was in accordance with child age. Despite the small sample and
other limitations of this study, Gilkerson et al. (2015) suggested that the LENA™ is a
promising tool for investigating the language environment regardless of acoustic differences

among languages.

Research findings on children language acquisition suggested that child-directed speech in
early infancy is directly related to vocabulary development and 1Q level (Hart & Risley,
1995). Based on that, Ganek & Eriks-Brophy (2017) claimed that parent-child interaction is
essential to children’s language development, especially language production. For this reason,
Ganek & Eriks-Brophy (2017) aimed at devising a coding protocol to validate the LENA
system (CT counts) in Vietnamese. In their study, two Vietnamese speakers were invited to
transcribe the selected audio files and correlated their CT counts to the estimated counts
provided by the LENA automated estimates (2017). The research question was whether a
concise protocol could generate valid, relevant information to validate the LENA system in

Vietnamese.

Ganek & Eriks-Brophy (2017) observed that the statistical analysis showed a strong
correlation (rs (18) = .70, p<.001). No significant difference between the human and the
automated counts (U= 143, p=.12) were found despite their small sample, which comprised
of ten families. Such result discards the need for a larger sample analysis. Findings also
showed no significant difference between CT of children with NH and with HI. To this
regard, Ganek & Eriks-Brophy (2017) suggested that parents of children with HI might have
been instructed by a speech-language pathologist in how to engage in a meaningful

conversation with their child in order to use more CT and stimulate language development.

A pilot intervention study conducted by Pae et al. (2016) verified the validity of the LENA
system for Korean. Their aim was to verify if the LENA system would measure reliable
estimates that demonstrated the changes in the natural language environment of Korean
families. A total of 99 children aged 4-16 months participated and half of them received
individual feedback about language strategies (experimental group vs. control group).
Children in the experimental group were recorded every week whereas those in the control

group were recorded at the baseline, middle, and in the end of the 6-month research study.
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Pae et al. (2016) compared and correlated LENA measures to human transcriptions. LENA
and human estimates on AW and CV were significantly correlated at baseline (r=.72, p=
<.001 and r= .67, p=.001, respectively). Due to the frequent amount of whining noises and
overlapping speech, CT was not interpreted so cautiously by transcribers and outliers were
excluded. Yet, interrater reliability reached an agreement rate of 98.5% for AW and 95% for
CT. Therefore, AW and CT were regarded to be a reliable measure for the Korean language
(2016).

Nilsson & Olsson (2015) used the LENA system for investigating the listening and language
environment of a group of Swedish toddlers. Results of the reliability study estimated 80%
agreement for CV and 75% agreement for AW between human and automated counts, which
deemed the LENA system sensitive to the acoustic features of Swedish. These researchers
were interested in investigating whether the number of CT and AW could be predictors of the
amount of CV. A correlational analysis suggested that the amount CT was a strong predictor
of the amount of CV (r=.79, p=.01) than the amount of AW (r= .33, p=.29).

In the same study, Nilsson & Olsson (2015) also observed a moderate correlation between the
Swedish CDI and the number of AW (r=.62, p=.05). A weak correlation was found between
the DevSnap and the Swedish CDI at the vocabulary level (r= .51, p=.11) and at the
pragmatic level (r= .56, p=.07). It suggested that the DevSnap should be adapted to Swedish
and tested in larger samples. These findings suggested that the amount of parent-child
directed talk stimulated children to talk more, which also led to improvements in their
language skills (Nilsson & Olsson, 2015; Hart & Risley, 1995). Nilsson & Olsson (2015)
claimed that knowledge of language development may encourage parents to talk more to their

children. For this reason, intervention should focus on parent-child interaction.

The purpose of the pilot study conducted by Schwarz et al. (2017) was to evaluate the
reliability of the LENA system for Swedish. Evidence from research has shown that child-
directed adult speech directly influences on child vocabulary development (Weisleder &
Fernald, 2013). For this reason, Schwarz et al. (2017) decided to verify the LENA AW
estimates against human counts. Two measures were taken for the transcription, namely
number of orthographic words and number of vowels. Pearson's correlations coefficient
indicated (1) high interrater reliability for AW (r= .95, p< .01) and for vowel counts (r= .93,
p<.01) and (2) moderate correlation with the LENA AW (r= .67, p< .05) and vowel counts
(r= 66, p< .01). Schwarz et al. (2017) conducted a preliminary study for validation of the
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LENA system in Swedish. However, one conclusion was that further studies should be
conducted testing the reliability of the LENA estimated for CV and CT before the LENA

system can be used in Swedish clinical settings.

3.4 The reliability and validity of a novel instrument

In development studies, new instruments to assess the concepts of a theory under
investigation are constantly being evaluated (LoBiondo-Wood, & Haber, 2014). In using a
new measurement instrument, researchers should be concerned in finding out if the results
obtained from a sample represented true, consistent measures of behavior. For this reason,
issues like reliability and validity of these instruments are of major concern. Therefore, it was

here necessary to understand the concepts of reliability and validity.

In psychometrics, reliability has to do with the internal consistency and stability an
instrument, like the LENA system, and if it measures the attributes of a variable (Colman,
2015; LoBiondo-Wood, & Haber, 2014). Reliability is also concerned with predictability,
precision, and equivalence. In other words, a reliable measuring instrument is capable of
yielding the same results in repeated administrations by using the same scale to measure a
given set of behaviors (LoBiondo-Wood, & Haber, 2014).

The reliability coefficient ranges from 0 to 1. For an instrument be considered reliable, the
reliability coefficient should be equal or above to .70 (LoBiondo-Wood, & Haber, 2014). Due
to the nature of the LENA system, the interrater reliability test was used to calculate the
reliability coefficient of this instrument. It gives the degree of consensus and consistency on
the ratings given by raters on a certain stimulus (Colman, 2015; LoBiondo-Wood, & Haber,
2014). Thus, it is used to determine if an instrument is appropriate to measure a variable.
Interrater reliability can be calculated by statistical measures such as intra-class and interrater

correlation.

Validity refers to the degree of accuracy to which a measurement or an instrument
corresponds to the real world (Colman, 2015; LoBiondo-Wood, & Haber, 2014). Testing the
validity of an instrument means verifying the extent the interpretation of the tests score
satisfies the postulates of a theoretical construct. LoBiondo-Wood & Haber (2014) mentioned
that the validity of an instrument is dependent on its reliability. Being so, the percentage of

confidence a tool is considered valid depends on the level of reliability coefficient.
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The LENA system was the instrument for measuring data evaluated in this research. For it
was the first time the LENA system was used in a BP-speaking environment, its reliability
(consistency) and validity (accuracy) had to be tested, so adequate conclusions could be
drawn. Demonstrating the validity and the reliability of the LENA system to BP was critical
‘for assessing the strength and the quality of evidence provided by the design and findings of
a study and its applicability to practice’ (LoBiondo-Wood, & Haber: 290, 2014).
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4 Methods

4.1 Participants

Twelve families and fifteen children participated in this study. The families of children with
HI were recruited from the network of patients of two centers for speech pathology and
audiology in Séo Paulo, Brazil, namely the Santa Casa Hospital and the Centro Especializado
Paulista. The families of children with NH were recruited from the network of speech-
language pathologists of the above-mentioned centers. These families lived either in the city
of S&o Paulo or in its Metro area. They were all monolingual speakers of BP. This group of
families was relatively homogeneous regarding their SES-level concerning formal parent

education. A total of 79% (22) of the participating parents had a college degree.

One family faced difficulties in handling the DLP. Consequently, only two hours of their day
were recorded. Due to incomplete recording, their child with HI had to be excluded from the
research due to insufficient data.

e Clinical group: Seven children aged around 20 to 43-month-old with HI (M= 34 mo,
SD=10 mo). This group consisted of four boys and three girls. The causes of HI
varied. In this cohort, there was one case with congenital CMV infection, two cases
with genetic causes (siblings), one preterm, one caused by Waardenburg syndrome,
and two cases of unknown cause. Their degree of HI ranged from moderate to
profound. All of them had been fitted with hearing technology (one bilateral Cls, four
bimodal“, and one regular HA), and their hearing age (time with hearing technology)
ranged from 4 to 34-months (M= 17 mo, SD= 11 mo). These children were used to
listen to spoken Portuguese as their primary means of communication, both at home
and at school. However, two of them also learned sign language at school, four of
them attended regular inclusive school, and one child stayed at home with mom.

e Control group: Seven children aged between 11 to 29-months with NH (M= 21 mo,
SD= 6 mo). This group consisted of four boys and three girls. Among these children,
there were two sets of twins - one set of twin boys and one set of twin girls. These

children came from monolingual BP-speaking families. Yet, there were three children

4 The term bimodal means that the child with HI uses a combination of HA and CI.
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in the group who were exposed to English as a foreign language either at school or at
home. Exposure to English has been introduced in their education as a pedagogical
activity rather than a natural language for communication.

e Parents and other caregivers of both groups of children (NH and HI), ten mothers, two
fathers, two grandmothers, and one grandfather. The parents of one child with NH
could not make it to the interview, so the child’s grandmother represented them.

Children were also matched by gender even though results from previous studies have
demonstrated that gender does not affect results on LENA (Aragon and Yoshinaga-ltano,
2012; Canault et al., 2016; Gilkerson et al., 2015). A total number of four boys and three girls

participated in the NH and respectively in the HI group as described previously.

4.2 Materials

The LENA system comprises of the following items.

e LENAT™ Software for analyzing linguistic information (PC compatible)
e LENA™ DLP, which is a small recording device able to capture up to 16 hours of a
child’s natural audio environment (cf. figure 2, p. 23)

e Specialized LENA™ Clothing for placing the DLP (cf. figure 2, p. 23)

Figure 2: The DLP and the Specialized LENA clothing for placing it in.

Note: The specialized vest was especially designed to fit the DLP in. The noise of the friction between the

vest and the DLP is minimized and does not affect the quality of the recordings.
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LENA software organizes the data into a report list, which are displayed in three different

diagrams.
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1. LENA composite view consists of a comprehensive analysis of the acoustic and
linguistic elements recorded in the environment displayed in four categories (a-d). The
report for each composite is displayed by month, day, hour, or 5-minute view (cf.
appendix VIII).

a. Audio environment report (AE) reveals the amount of meaningful speech
(amount of language spoken within two meters from the child) and distant
speech (amount of language presented more than two meters from the child),
TV and electronic sounds, noise (non-detectable sounds, scream, cry, and
overlapping speech), silence and background sounds within the child’s
language environment (for a detailed description of these components, see
LENA Pro user guide, p. 34-5).

b. Child vocalizations report (CV) estimates the number of continuous speech-
like utterances the key child produces during a time segment followed by a
pause greater than 300 milliseconds. The CV report discards vegetative sounds
and other non-speech signals (User guide LENA Pro, p. 33).

c. Conversational turns report (CT) provides the number of conversational
interactions between the key child and an adult. Conversational turn is here
understood as speaker’s verbal initiative and interlocutor’s response within 5
seconds. CT does not estimate overlapping speech and vegetative sounds such
as cry and cough. The CT report also tracks for possible language delays,
which means that the key child falls 1 ¥ standard deviations (SD) below the
mean for her age (User guide LENA Pro, p. 30).

d. Adult words report (AW) indicates the number of AW that the key child is
exposed to in the home environment as estimated by the software. More
specifically, the software estimates the number of AW spoken to and near the
child during the recording period. (User guide LENA Pro, p. 29).

2. Developmental snapshot (DevSnap) is a parental checklist. This parental checklist
consists of 52 questions for assessing a child’s expressive and receptive language
abilities (cf. appendix VIII). Its results are demonstrated in standard scores. This
measure also estimates a child’s developmental age in relation to language abilities,

which is represented as advanced, within normal limits and at risk (User guide LENA



Pro, p. 29). Reports are provided as DevSnap standard score and age. LENA
calculates neither the DevSnap standard score nor the developmental age for children
older than 36 months.

For the purpose of this study, | translated the DevSnap to BP taking in consideration
both linguistic and cultural differences. For this reason, the examples from the AE
version of the DevSnap were adapted to the specificities of BP and the Brazilian
culture. Professor Levy guided me on this process.

3. Automatic vocalization assessment (AVA) is an assessment tool for measuring a
child’s expressive language (cf. appendix VI1II). The LENA system uses automatic
speech recognition technology for measuring the child’s expressive ability. In other
words, it estimates the use of consonant and vowel sounds a child vocalizes. Thus, the
acoustic information is statistically analyzed, and the analysis of a child’s expressive
language development is reported as AV A standard score and percentile. AVA
standard scores are bounded between 65 and 135, and results outside this range are
displayed as <65 and >135. AV A standard score is not provided for children over 48
months of age. AVA standard score has demonstrated statistical reliability in
correlation to other standard expressive language assessment such as REEL-3 and
PLS-4 (User guide LENA Pro, p. 27).

In addition to the LENA system, we used the materials listed below.

e McArthur-Bates Communicative Development Inventories (CDI): The CDl is a
parental checklist for investigating children communicative development (Fenson,
Marchman, Thal, Dale, & Reznick, 2007). This checklist assisted in screening and
developing a prognosis of children with HI, for it measure data on children’s early
signs of comprehension, nonverbal gestural signals, early vocabulary, and grammar. It
covers the language skills of children age range 8-36 months, but it may also be used
with older children with developmental delays. The following components of the CDI
were used: Words and Gestures, for children age 8-16 months, and Words and
Sentences, for children 18-36 months. For the purpose of this study, the corresponding
adaptation of the MacArthur-Bates CDI to BP® was used (Padovani & Teixeira, 2004).

5 The adaptation of the CDI to BP is yet in process of normalization. For this reason, a copy of the CDI-BP was
not provided in the appendix. Any further inquiry regarding the CDI-BP should be directed to Professor
Elizabeth R. Teixeira. Her contact information can be found on https://mb-cdi.stanford.edu/adaptations.html
(Web. 21 May 2018).
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The forms were completed mostly by the mothers in the current study, but in two
cases in cooperation with one of the grandparents.

e The parental formulary Words Make Difference gathered demographic information
about the key child health condition, parents working situation, parental educational
level, number of siblings, and the family’s language backgrounds (appendix V).

o Daily activity log allowed parents to keep a record of the activities the key child was
involved in throughout the day by hour and who was in the environment with the child
(appendix VI).

e A 15-min transcription of the recordings for human AW and CV (under the family
consent) was used to compare the automated counting done by the software, further
described on section 4.3.2 (page 28).

e An information sheet, which explains how to use the DLP (cf. appendix VII).

4.3 Research design

This study was organized in four parts so that its objectives could be achieved. Its structure
consisted of a meeting with the parents or other caregivers, a pre-validating study, a
correlation study, and an age-matched comparison study (NH vs. HI). A full description of the

procedures is presented below.

4.3.1 Meeting with the parents and caregivers

.The meetings with the recruited families were arranged between 28 and 31 of August 2017.
The meeting took place in three places and at the time that best suited each family, namely the
Center for Speech therapy and Audiology of the Santa Casa Hospital, at Centro Especializado
Paulista, and at the working place of two mothers. All of the respondents in charge of the
children with NH were met within their working hours. The reason for that was that they were
recruited from the network of speech pathologists of the above-mentioned centers. The
caregivers of the children with HI were seen at Santa Casa or at Centro Especializado
Paulista. The meetings were held while their children were at the speech therapy session. Four

meetings were held in the middle of the afternoon and two other cases early in the evening.

The purpose of the meeting was to provide families with information regarding the research

purpose and the research ethics. Every family was informed that they had the right to have the
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recording deleted immediately upon request. In case the family wished to continue to
participate in the study, an extra day was scheduled for recording the child’s language
environment. All the recruited families decided to participate in the study. For this reason,

they were asked to sign a letter of consent® accepting the terms of the research.

After they had accepted to participate in the research, they completed the Developmental
Snapshot (DevSnap), WMD forms, and the MacArthur-Bates CDI adapted to BP either as an
interview or on their own. Regarding the completion of the DevSnap and the CDI, the
respondents, caregivers of children with HI completed the DevSnap as an interview, but they
were given time to complete the CDI on their own. Whereas, caregivers of children with NH
were certified speech-language pathologist and psychologists who are experienced users of
similar forms. For this reason, they had the option to fill in both forms at home as they were
expected to have little or no difficulty in filling in the forms. All the material handed to each
family was collected within a week after the recording was conducted. Considerations about

the conversation with the families were made in the discussion section (p. 56).

In order to agree upon finding a suitable day for recording, we asked the participants about
their family weekly routine aiming to find out when each child spent most part of the day with
their family members. Two important aspects were observed among the participating families.
First, we observed that for most families, except one, Saturdays and Sundays were suitable
days for doing the recording. This is because in most cases both parents work (85.7% of the
cohort), and the child spends their days in kindergarten and/or being taken care by a relative
or a nanny. A second aspect common among these families was that they were all involved in
social activities on weekends, such as birthday parties, family gatherings, and religious

services. It meant that the children were often immersed in a rather noisy environment.

Then, they received a LENA vest for placing the device and they were taught how to operate
the DLP for conducting the recording. The recording took place on the weekend after our
meeting. The families were advised that children would wear the LENA vest with the DLP in
it for at least 12 hours. It was estimated to collect about 180 hours of total recording time.
Such procedure helped us to collect naturalistic linguistic data. Every family was asked to
also keep a written log of the activities the child took part in during the recording day and

with whom they were together with during the all-day recording.

& Termo de Consentimento Livre e Esclarecido (TCLE). Cf. appendix IlI.
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Once the data collection was completed, the recorded data were transferred, analyzed and
processed automatically by the LENA™ software for the DLP. Data from the recordings were
estimated by the LENA software through the use of advanced algorithms and statistical
models for speech segmentation and sound recognition. These estimates were grouped in the

categories described in section 5.2 (p. 36).

4.3.2 Pre-validation study

The purpose of this preliminary study was to verify the accuracy of the LENA system
compared to human counts for BP. In this study, the focus was on AW and CV estimates, for
they have shown a high degree of accuracy in American English as demonstrated in previous
studies (Oetting, Hartfield, & Pruitt, 2009; Xu, Yapanel, & Gray, 2009). The AW and CV of a
child with NH had to be manually counted and compared to the LENA automated counts.

Because it was the first known study testing the sensitiveness of the LENA system in BP, the
pre-validation study was conducted in two parts. The first part consisted of devising a coding
protocol for the human coders and checking for the inter-rater reliability using a five-minute
sample of recording of a randomly selected child with NH. The second part consisted of an
agreement study. It relied on the use the protocol for transcribing fifteen-minute recording
samples of seven children with NH and for conducting inter-rater reliability tests based on the

human and the LENA automated counts. The whole pre-validating study is described below.

Part one: Training protocol for human coders

The main goal of the training protocol for human coders was to establish the criteria for
manually transcribing and counting the AW and CV to be applied on future pre-validation
studies. To assess the reliability of the LENA system, for BP, the manual transcriptions were
conducted by two native speakers and linguists in BP, namely myself and a friend with
competence within Linguistics. The work of a second transcriber was of relevance, for it

would increase the reliability of this study.

Because it was the first known study that investigated the validity of the LENA system in BP,
which is a syllable-timed Latin language, it was decided to adapt the coding protocol from the
study conducted in European French (Canault et al., 2016). A video conference between the

two linguists was arranged, so they could agree upon and refine the criteria protocol for
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conducting the transcription and counting AW and CV. By making the protocol available

below,

it turned the research process transparent and fostered discussion for coding the LENA

data in BP (Ganek & Erikcs-Brophy, 2017).

1.

10.

11.

Every speech-like babbling and vocalizations within a child's utterance cluster was
counted. For instance, vocalizations such as 'ba’ or 'bababababa’ were counted as 1
vocalization each, but 'bababa#ba’ was counted as 2 vocalizations.

Cases of children in the single-word period or in the two-to-three-word combinations,
each word was counted as 1 vocalization. For example, if a child said
'papai#carro#rua’ (Daddy#car#street), it was counted as 3 vocalizations.

Every word with at least 1 syllable was considered as meaningful speech, and
therefore, counted as a word. For example: 'sim' (yes), 'ndo" (no).

Formal spelling of Portuguese was used except when there was a difference in number
of syllables between spoken and written form, i.e. 't4" as short for 'esta’ (he/she/it is),
't6' as short for 'estou’ (I am) 'd&’ (give), and 'cé' or 'océ' as short for 'vocé' (you)
(Schwartz et al, 2017).

Free morphemes, such as determiners (o, a, 0s, as, um, uma, uns, umas), prepositions
(para, pra, apés, antes), and pronouns (ele, ela, eu, vocé/océ/cé, a gente) were counted
as 1 word each.

Bound morphemes, such as prefixes and suffixes, were not counted independently. For
example, desempregado (unemployed) was counted as 1 word.

Compound words with clear boundaries (with or without a hyphen) like pé-de-
moleque (brittle) were counted as 3 words, and matéria-prima (raw material) were
counted as 2 words.

Apdcopes such as 'caldi-cana’ instead of 'caldo-de-cana’ (sugar-cane syrup) were
counted as 2 words instead of 3 and mal-humorado (bad mood) was counted as 1 word
because it is pronounced as ‘maumorado’.

Elipses, such as 'copo d'agua’ instead of 'copo de agua' (glass of water), ‘casa d'Alice'

instead of ‘casa da Alice' (Alice's house) were counted as 2 words instead of 3.
Onomatopeias were counted as 1 word each. For example: ‘auau’ (dog), ‘coco’
(chicken), 'miau’ (cat), and ‘oinc-oinc' (pork).

Vegetative sounds (burping) and fixed signals (scream and cry) were not counted even
though labeled as other sounds (OS)
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When the protocol was established, we proceeded with the transcription of a 5-min sample of
recording of a randomly selected child with NH. This 5-min sample was extracted from the
LENA composite view — 5-minute according to the following criteria. First, the hour of the
day with the highest number of CT was identified as indicated on the LENA composite view
— hourly. Then, the 5-min region with the highest CT observed within the selected hour of the
day was extracted from the LENA composite view — 5-minute. Next, we discussed issues

identified in the protocol and redefined it.

Each linguist produced their own transcription of the selected extract following the protocol.
The following labels were used in the transcription: female adult voice (FV), male adult voice
(MV), key child (KC), other child (OC), and other sounds (OS). Because the LENA software
uses statistical algorithms for estimating the number of AW, the number of meaningful speech
segments spoken by FV and MV were all added up and reported as AW whereas KC and OC

were counted separately.

In a pilot study for validating LENA for Chinese, Gilkerson et al. (2015) observed that LENA
showed good sensitivity in recognizing child and adult voice. However, they observed that
30% of what LENA estimated as child segments were counted as AW by the human rater.
They hypothesized that the rise in pitch associated with motherese talk might have misled the
software to count such segments as CV. For this reason, each adult voice present in the
recording was first identified, counted separatedly, and then they were added up in order to
avoid AW being labeled as CV. Therefore, it would be possible to verify any discrepancies

between the human and the automated counts.

In this study, there were three sets of siblings. Each set was recorded at the same time and
place. In addition, some of these children had other siblings present in the environment even
though they were not participating in the study. For this reason, it was decided to label them
as KC and OC and count them separately. This measure would answer any discrepant counts
between LENA and human coders by controlling for random effects of other children in the
environment. Differentiating KC from OC avoids mismatches and aligns the coding protocol
for human coders to LENA software (Ganek & Eriks-Brophy, 2017).
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Measures

Three simple statistical measures, namely distance in metric, distribution of differences, and
percentage of matching, were applied for verifying interrater reliability. Interrater reliability
was deemed strong if matching between raters was equal or above 80% (LoBiondo-Wood, &
Haber, 2014).

Part two: The inter-rater procedures

This agreement part of the study attempted to pre-validate LENA automated estimates to BP
by testing its accuracy. The accuracy of automated counts was therefore compared to the
estimates of two human coders. Research questions sought to investigate (1) how well ratings
reflected the true number of AW and CV, (2) what the consistency of ratings between human
and automated counts was, and (3) what the proportion of times human and automated counts
agreed on CV and AW. Because it is the first time LENA is being used for investigating BP

language environments, only participants with NH were selected to take part in this study.

This study procedures consisted of the transcription of 15 min of the recording (3 chunks of 5
minutes each) of 7 children with NH, being 4 boys and 3 girls between 11 and 29 months.
These recordings were selected based on an analysis of the LENA composite view — hourly.
Having identified the time of the day in which the software indicated as having the highest
number of CT, it was necessary to identify and select the 5-min region which had the highest
CT counts within that hour as indicated by the LENA composite view — 5-minute. Then, the

two subsequent 5-min regions were selected regardless of the number of CT.

A total of 105 minutes of recording was transcribed by two expert linguists and native
speakers of BP, according to the guidelines presented on page 29. The raters worked
independently. Their counts were compared to each other using statistical measures for
reliability and correlation purposes. Just as in the study of Gilkerson et al. (2015), it was here
hypothesized that American English based LENA algorithms would generate reliable
estimates for AW and CV for BP. For this reason, the accuracy of LENA automated estimates
for AW and CV was tested in comparison to means of human rater counts. Measures for

reliability and correlation between the automated and the human counts were applied.
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Measures

The reliability and validity of LENA AW and CV for BP-speaking families were both tested
for correlation with human raters' estimates. Statistical analyses were performed in SPSS 24
(IBM Corp, 2016) to obtain descriptive statistics, percentage agreement, Pearson correlation
coefficient (Person's r), intra-class correlation coefficient (ICC), and means comparisons by

paired-samples t-tests, and Spearman rho.

4.3.3 Comparative pilot study

The children with NH and their peers with HI were compared according to their age, gender,
language development (CDI, DevSnap, and AV A scores), language (CV, CT, AW, MAN, and
FAN) and audio environment (silence, noise, TV/radio, close and distant language). The
Mann-Whitney U nonparametric test was used to compare the medians between these two
groups aiming to identify any significant differences between them. Paired sample t-test was
used for calculating the difference in the amount of exposure to FAN and MAN words to

which children were exposed.

4.3.4 Correlational analysis

With the purpose of investigating whether an increase in the LENA variables correlates with
an increase in child age, the Spearman’s rank correlation was calculated. The analysis had its
focus on (1) children’s age (chronological, developmental, and hearing age) in relation to
children’s language environment, (2) chronological age and children’s language performance,

and (3) language environment and children’s language performance.

The correlational analysis was conducted in three parts. First, it was conducted considering
only the data of the cohort of children with NH. Next, it took into consideration the data of
children with HI, including the hearing age as another factor. Then, the correlational analysis

was conducted including the data of both children with NH and with HI.
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5 Results

5.1 Meeting with the parents and other caregivers

Parents working situation and educational background

Their educational background was relatively high as 79% (22) of them had a college degree.
The level of education among the participating families was rather high. It was reported that
100% of the parents of children with NH had a college degree. Among parents of children
with HI, 69% (10) of them had a college degree. This was a rather homogeneous group.
However, it was not representative of the level of education of the Brazilian families, which
was 27% of the head of the families, regardless of their gender, had between eleven and
fourteen years of education (IBGE, 2001-2011).

Regarding the working situation of the parents in the participating families, it was observed
that 86% (22) of the total population was employed, and 14% (2) of them were for some
reason out of the workforce. Among the families of children with NH, all parents were full-
time employed. However, the situation was slightly different among parents of children with
HI. Among the six participating families of children with HI, five fathers were full time
employed and one was unemployed at the time of the data collection. Among the six mothers
who were interviewed, a total of 81% (4) of the participating mothers were employed and
19% (2) of them were full-time stay-home mothers. One mother of the children with HI
worked full-time, two were staying-home moms, three worked part-time, and one worked
from home. This suggests the increasing participation of women joining the workforce, which
is in line with the data of the Demographic census 2010 (IBGE, 2010).

Parents’ participation in childcare

It was observed among the eleven participating families that mothers represented 100% of the
main respondents of the parental checklists and the forms used for collecting data. Among the
families of children with NH, only the female caregivers actively co-operated with this
research. In time, it should be taken into consideration that all of them were visited at their
workplace during working hours. Perhaps, the scenery would have been different under other

circumstances. Future research should investigate this factor.
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Among the six participating families of children with HI, mothers were the main respondent.
However, two fathers collaborated in the data collection. The two fathers who were present at
the interview provided relevant comments and examples about their offspring’s language and
listening development. They complemented their wives input, usually in accordance with
what they said.

Considering that in most of the participating families both mothers and fathers worked, it was
observed the dominance of women in charge of childcare, which is in line with Dessen’s
study (2010). However, all of the mothers reported that their spouses were seriously
committed to their child’s listening and language development at home, regardless of the

child’s hearing condition.

Outsourced children

Of the group of fourteen children, thirteen of them were enrolled at a daycare
center/kindergarten unity, one of them was watched full time by the mother, and one of them
was taken care by a nanny. When not at the daycare/kindergarten, it was reported that three of
these children were at the mother care, five of them with both parents, two of them with their
mother and the help of a nanny, and one with a nanny. This result is in line with earlier
studies which suggested that parents have the need to rely the care their child on third parties
while they are at work (Martins Filho, 2012; Wagner et al., 2017).

In this study, three grandparents were reported to take care of their grandchildren a few hours
a week. Two of these grandparents (one male and one female) actively participated in the
interview. They reported feeling very comfortable talking about their grandchildren because
they spend time with their grandchild regularly. During the interview, these grandparents
acted as secondary respondents often nodding their head in agreement to what the child’s
mother said. However, they would immediately speak up when they disagreed with their
daughters regarding their grandchild’s level of language development and communication
skills. Because they were not with their grandchild on a daily basis, they could notice subtle
changes in the process and ability to communicate that the child’s mother could not. This
leads to an important subject for discussion, namely the mothers’ expectations on their child’s

achievements despite the biological aspects of language development.
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The diagnostic of HI and its impact on the family structure and emotions

Having a young child diagnosed with HI leads to changes in the family structure. These
changes are made to accommodate the child’s needs and to support her language development
(De Paula Teixeira, Silva, & Lima, 2015). Among the respondents of this study, some
mothers reported having reduced their workload or even quit their jobs, so they could
concentrate on their child’s hearing and language development. Therefore, they have high

expectations on their child’s outcomes.

Regarding mothers expectations on the development of their child with HI, it was observed
among the interviewed mothers that some of them had a more critical view about their child’s
language development. In one case, the mother reported overlooking her child’s attempts at
communicating through vocalizations because she always expected more from the child since
she was engaged in the child’s speech therapy. In some cases, mothers were more critical
because they were so close to the child that they seemed to be blind to subtle advances in the
process. For this reason, they had hard time to accept a relevant and correct word that was not
pronounced clearly. In some other cases, mothers expected their child to achieve higher
milestones within a short period of time due to their effort in supporting their child. Some of
them said they felt responsible to make their child achieve age-level language skills, because
they had either reduced their workload or had quit their jobs to take care of their child. What
was common among all of them was their willingness to support their child as much as
possible, and a believe the language and development outcomes would depend solely on their
effort to see their child succeed.

Parents’, especially mothers’, too high, and somewhat unrealistic expectations of their child’s
language development could cause a feeling of frustration and helplessness (Oliveira, Cunico,
Cunha, Kruel, & Tochetto, 2013). That is because they believe that they are the only one
responsible for their child’s success. What they do not realize is that language acquisition is a
capacity innate to an individual (Chomsky, 1988). It evolves gradually and in due time even
though it is also influenced by the environment (Ramirez-Esparza, Garcia-Sierra, & Kuhl,
2014). Because these children are HI, their acquisition of oral language began after they were

fitted with HA. These children hearing age is therefore lower than their chronological age.
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5.2 Pre-validation study

5.2.1 Part one: Training protocol for human coders

The percentage of matching between raters suggested high interrater reliability for both
measures (AW= 98% and CV=84%), as shown on table 1.

Table 1: Pilot study devised for assessing protocol. Interrater reliability tests.

Rater AW cv
R1 269 165
R2 274 196
M 272 181
Matching % 98 84
Difference -5 -31
SD 3 16

Note: Rater 2 overestimated rater 1 for AW and for CV.

The same measures were used for comparing the means of human counts to the LENA
automated ones (table 2). The percentage of matching was found to be weak to moderate
(CV=41% and AW=64%).

Table 2: Pilot study for assessing protocol. Reliability tests between human and automated counts

Rater AW cv
Human rater 272 181
LENA 426 74
M 349 128
Matching % 64 41
Difference -154 107
SD 77 54

Note: The LENA automated counts overestimated the human counts for AW, but it was underestimated for CV.

5.2.2 Part 2: the inter-rater and agreement study

Reliability analysis between the counts of human raters

A simple reliability analysis demonstrated good interrater consistency for both AW and CV
(0=.993 and o= .842 > .70). ICC estimates and their 95% confidence intervals were
calculated based on a mean-rating (k= 2), consistency, 2-way-random-effects model. Average
measures for ICC were ICC (2, 4) =.993 for AW and ICC (2, 4) = .997 for CV (cf. table 3).
Therefore, we found 99.3% and 99.7% consistency in the means of the raters, which

demonstrated high interrater reliability (cf. tables 4 and 5).
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Table 3: Cronbach's Alpha reliability between human and automated AW and CV estimates respectively
Reliability Statistics Reliability Statistics

Cronbach's Cronbach's
Alpha Based Alpha Based
an an
Cronbach's Standardized Cronbach's Standardized
Alpha ltems M of ltems Alpha ltems M oaf lterms
967 967 2 842 JHES 2

Table 4: ICC of interrater reliability - AW
Intraclass Correlation Coefficient

Q0% Confidence Intenal F Tasiwith True Value 0

ntraclass
Comatation” | oo Bound Upper Bownd  Valus fft 2 Sig
Single Measures gas* T BAT 1336881 fi & jilili]
AVEraQE Meaouras 5a3*® 56 Bas 133881 i i 0o

Two-way mead effects modal whara peopla eflacts are random and magsunes affects are fad.

a. The astimator &2 the sama, whathar the interaction e®2ct 15 prazsamt or not
b, Type Cintraclass corralation coefliciénts using a congistency definiticn. The bebadenmeasur vaiands is

extluded from the denominalor vakants.
<. This eslimata 15 computed assuming the iraracion affect is absand, because il is not astmabls atharaise

Table 5: ICC of interrater reliability - CV
Intraclass Correlation Coefficient

F Tasiwih True Valusa 0

Imtraclass 95% Confdence inlemnal

Coeralation” Lowdr Bound  Wpped Bownd Valua drt dr? Sig
Single Measures qa4qt 63 goa 310,247 & f 000
Ararage Measures gars e G899 310,287 L i 000

Twio-wiay miked effacts modal whare people affetts are random and measuras afeclts are fixad,
A, The eslimalor |8 e sam:, wihather the inleracion affecl is pregsent & not
b. Type C infraclass comalation cosflicients using @ consistency definiion. The betwasn-maasurs vanance is
gxciuded from the danomenaior vananca

. This estirmats is computed assuming e interaction effect s abseant, because A ks nol ssbmable olhenwisa.
Tables 6 and 7 (p. 38) show the reliability between the two transcribers for AW and CV.
Mean matching percentage is 92% for AW and 85% for CV, which is rather strong

(LoBiondo-Wood, & Haber, 2014).
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Table 6: Human and automated estimates for AW.

D | Gender Chronological AW :
age (mo) Rater 1 Rater 2 | Matching % | Average value
c2 F 25 605 586 97 596
C6 M 21 643 605 94 624
c7 M 11 1031 1035 100 1033
C9 M 21 829 841 99 835
Cl1 F 19 379 303 80 341
C12 F 19 529 443 84 486
C15 M 29 335 363 92 349
M 21 622 597 92 609
Min-Max 19-29 335-1031  303-1035 80-100 341-1033
SD 5 227 244 7 235
Table 7: Human and automated estimates for CV
D | Gender Chronological cv _
age (mo) Rater 1 Rater 2 | Matching % | Average value
c2 F 25 317 366 87 342
C6 M 21 123 160 77 142
c7 M 11 43 50 86 47
C9 M 21 77 85 91 81
Cl1 F 19 85 92 92 89
C12 F 19 35 54 65 45
C15 M 29 392 406 97 399
M 21 153 173 85 163
Min-Max 19-29 35-392 50-406 65-97 45-399
SD 5 142 150 10 146

Correlation analysis between human raters counts

A Pearson's correlation analysis was computed to assess the relationship between rater 1 and 2
for AW and CV for each participant family. Statistical analysis indicated a strong, positive
correlation between rater 1 and rater 2 for both AW and CV (r=.988, n=7, p=.000 and r=
995, n=7, p=.000, respectively) as shown on figure 8 (p. 39). It was therefore observed

strong, positive correlation between raters for both measures.
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Table 8: Pearson correlation coefficient for human raters counts of AW and CV

Correlations Correlations
Raleri_AWC  Raler] AWC Ralerl_CVC  Ratar?_Cve
Rateri_AWC  Pearson Carrelation By Ralerl_CVE  Paarson Cotelatian 1 W5
Gig. (-tadad) oo 8l (2-1alled) oo
W 7 7 7 T
Rater? AWC  Pearson Comelation TCl Rater2 CVC  Pearsan Comelation aas” '
Eig. (2tadad) i Sig. (24ailed) 00

** Comelalion is significant at tha 0.01 leval (2Mailed) ** Comelation 1= significant at tha 0.07 laved (2-tailad)

Note: Manual trancription of samples of 15 minutes of the recordings of each participating child with NH (n=7)

Reliability analysis between the automated and the human counts

Table 9 shows the reliability between the means of human counts and the LENA automated
ones for AW and CV. Mean percentage of matching was 84% for AW, which is rather strong
(LoBiondo-Wood, & Haber, 2014). However, the percentage of matching between the human

and the automated counts was 66% for CV, which was regarded as moderate (LoBiondo-
Wood, & Haber, 2014).

Table 9: Reliability between Human transcribers and LENA for AW and CV.

. AW Ccv

D | Gender Chronological

age Human LENA Words matching | Human LENA Words | matching
average Difference 2 % average Difference 2 %

Cc2 F 25 596 655 -59 91 342 150 192 44
C6 M 21 624 700 -76 89 142 58 84 41
Cc7 M 11 1033 1021 12 99 46 49 -3 94
C9 M 21 835 1054 -219 79 81 50 31 62
Cl1 F 19 341 372 -31 92 89 86 3 97
C12 F 19 486 640 -154 76 45 67 -22 67
C15 M 29 349 557 -208 63 399 237 162 60
M 21 610 714 -104 84 163 99,5 64 66
Min-Max 19-29 341-1033 372-1054 12-219 63-99 | 45-399  49-237 3-192 41-97
SD 5 254 245 83 11 146 70 78 20

Note: Words difference @ values reflect rater- minus LENA-based counts. (=7 — NH).

Correlation tests between the automated and the human counts

The average agreement for each participant was measured and compared to LENA automated

estimates for AW and CV. Pearson’s correlation analysis generated strong, positive

correlation between these variables for both AW and CV (r=.936, and r=.932, n=7, p=

.002). Results were reported in figure # (p. #). Overall, there was a strong, positive

correlation between the LENA automated estimates and the human counts. Increases in the
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sample size would generate a stronger correlation between the automated and the human

counts.

Table 10: Pearson correlation LENA vs. Human AW and CV

Cerrelations Cesralations

A scatterplot summarizes the results (cf. figure 3).

Figure 3: Scatterplots between LENA and Human counts for AW and CV (n=7 - NH).
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5.3 Comparative pilot study

5.3.1 Results produced by the language assessment tools

Tables 11 and 12 (p. 41-2) show the results for 11 participating families who responded on
the DevSnap regarding the performance of the 14 participating children (NH=7 and HI=7).
Great variability was observed on the level of language development among children

regardless of their hearing condition.

The group of children with HI varied much with regards to their chronological, hearing, and
developmental age. Yet, two children (C15 NH, and C4 HI) could not have their
developmental age calculated, for their developmental performance was above to what the

software could calculate (max. 36-month).
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These tables also show the AV A scores (Table 11 and 12, p. 41-2) of the participating
children. The AVA assesses children expressive language development as recorded. The
LENA automated counts suggested that one child with NH could be at-risk of experiencing
delay on expressive language development, namely C11. Among the participants with HI,
three children were reported as at-risk of expressive language delays, namely C1, C8, and
C13.

The DevSnap is an assessment tool used for investigating children’s expressive and receptive
language development based on parental report. As for the group of children with NH, the
DevSnap score and percentile varied greatly (Table 11 and 12, p. 41-2). Among the
participants with NH, two of them were reported to be at-risk of experiencing developmental
delays (C11 and C12). Due to the advanced age of three children with HI, the DevSnap
standard score and its percentile could not be calculated (C3, C4, and C8). Among the
participants with HI, three children were reported as at-risk of language delays, namely C1,
C8, and C13.

Due to the incomplete normalization process of the CDI for Brazilian Portuguese, the raw
score for each participating child was here presented without its assigned standardized score
and percentile value. Hopefully making these data available would contribute to the
completion of the work done by Padovani & Teixeira (2004).

Table 11: Children with NH (n=7): CDI, DevSnap, and AVA scores. *CDI Words and gestures. **Children at
risk of language delay.

ID/NH Gender z(a:gheronO. (I;)GSV age S[ig score ’Sbt\;/.ASCOFG ol

Cc2 F 25 33 116 122 373
C6 M 21 16 83 84 20
Cr** M 11 11 109 71 98*
C9 M 21 16 80 90 19
Cl1** F 19 11 74 92 51
Cl2** F 19 11 74 114 64
C15 M 29 36+ 123 112 587
M 21 16 94 98 186
Min-Max 11-29  11-36+ 74-123 71-122  19-587
SD 6 9 21 18 238

Note: C7, C11, C12 were referred as being at-risk of language development.
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Table 12: Children with HI: CDI, DevSnap, and AVA scores. *Children at risk of language delay. **n=4.

£ DS Ipgstd, [AVA
ID/HI | Gender |C.age |H.age |fitting | dev. x5 | Std. CDI

HA age Score score
C1* M 37 8 29 12 <65 71 2
C3 F 43 27 16 32 N/A 92| 223
C4 F 38 34 4| 36+ N/A 114| 459
C5 M 41 23 18 30 87 101| 268
Cc8* F 42 12 30 6 N/A 78 8
C10 M 19 13 6 17 93 87 54
C13* M 20 4 16 14 81 68 3
M 34 17 19 82 34 145
Min-Max 19-43  4-34 6-36+ <65-93 68-114 2-459
SD 10 11 10 12 5 177

Note: The DevSnap is sensitive up to the expressive and receptive language of children up to 36 months. The
developmental age of C4 was estimated over 36 months. For this reason, it could not be calculated. The
DevSnap standard score was equal or below <65, which is the minimum calculated by the DevSnap. The
DevSnap standard score could not be calculated for C3, C4, and C8 due to their chronological age be above 36
months.

Group differences

A Mann-Whitney U test was conducted for comparing the results of the language assessment
tools between the two groups of participants. The results suggested that there was no
significant differences on chronological age (Md= 23 mo, U= 40, p= .53), developmental age
(Md= 16 mo, U= 28, p=.71), CDI (Md= 54, U= 16, p=.53), AVA standard score (Md= 91,
U= 17, p=.38), or DevSnap (Md= 83, U= 11, p=.65).

Gender differences

To investigat possible gender differences on children’s language performance was also an
objective of this thesis. There were no significant differences between male and female
participants for chronological age (Md= 23 mo, U= 31, p= .41), developmental age (Md= 16
mo, U= 23, p= .85), CDI (Md= 54, U= 28, p=.37), AVA standard score (Md= 91, U= 39, p=
.59), and DevSnap (Md= 83, U= 9, p=.63), regardless of children’s hearing condition.
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5.3.2 Comparative analysis of the language environment

The total recording time, the age of each child, and the number of CV, CT, AW, MAN and

FAN words measured by the LENA system composite view are presented in tables 13 and 14

(p. 43-4). The data were gathered according to the child hearing condition. The Mann-

Whitney U test was conducted for verifying any significant difference between-group

performances. Differences within groups regarding children’s exposure to FAN and MAN

words was measured with paired samples tests.

The total recording time of the participating children varied between 10 hours 53 minutes and
15 hours 14 minutes (M= 12:47). For this reason, the total number of CV, CT, and AW

needed to be evenly distributed within the period of 12 hours. Being so, the total recording

time of each participant was counted in minutes. Then, the total number of CV, CT, and AW

was divided by the number of minutes to find the number of CV, CT, and AW per minute.

Subsequently, those numbers were multiplied by 60 min to find out the number of CV, CT,

and AW per hour. Then, those numbers were multiplied by 12 hours as shown in tables 13

and 14 (p. 43-4). Similar procedure was followed by Nilsson and Olsson (2015).

Table 13: Total number of CV, CT, and AW divided by 12 hours for each child with NH (n=7)

Total Ccv CT AW
ID/NH recording C. age per hour | per hour per hour x FAN Word MAN Word
time x 12h x 12h 12h
Cc2 12:56 25 2676 840 16608 16331 4374
C6 15:14 21 2256 372 9936 11080 1537
C7 12:58 11 660 300 19476 14658 6398
C9 13:01 21 1944 372 6876 9832 2407
Cl11 13:00 19 1068 240 7152 5861 1889
C12 12:49 19 1728 396 10392 8723 2380
C15 11:43 29 4128 1248 15864 9500 6903
M 13:05 21 2066 538 12329 10855 3698
Min-Max 11:43-15:14 11-29 660-4128 240-1248  6876-19476 5861-16331 1537-6903
SD 01:02 6 1137 369 4965 3579 2212
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Table 14: Total number of CV, CT, and AW divided by 12 hours for each child with HI (n=7)

Total cv CT AW
ID/HI recording C. age per hour | per hour per hour x FAN Word MAN Word
time x 12h x 12h 12h
c1 12:27 37 384 144 13668 7541 6644
C3 11:38 43 2244 648 15888 11348 5967
C4 14:29 38 4565 852 14100 11710 5311
Cc5 10:53 41 3528 1548 30252 20733 6709
Cc8 13:23 42 636 180 10068 8224 3820
C10 11:03 19 1752 564 22176 14926 3741
C13 13:35 20 852 204 10848 7898 5899
M 12:29 34 1994 591 16714 11769 5442
Min-Max 10:53-14:29 19-43 384-4565 144-1548 10068-30252  7541-20733 3741-6709
SD 1:22 10 1572 501 7170 4759 1230

Group differences

Results of the Mann-Whitney U test showed no significant difference between groups

regarding the characteristics of their language environment (Cf. table 13 and 14, p. 43-4). It
means that the amount of CV (Md= 1848, U=21, p=.71), CT (Md= 384, U= 23, p=.90), AW
(Md= 13884, U= 34, p=.25), FAN (Md= 10456, U=26, p=.90) and MAN (Md= 4843, U=35,

p=.20) words were similar regardless of the children’s hearing condition.

Gender differences

As for the whole cohort (cf. figure 4, p. 45) , no significant difference the median was found
for CV (Md= 1848, U= 26, p= .86), CT (Md= 384, U= 26, p=.86), AW (Md= 13884, U= 19,
p=.57), FAN (Md= 10456, U=21, p=.75), and MAN (Md= 4843, U=15, p=.28) regarding

the gender of the participating children regardless of their hearing condition (n= 14).
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Figure 4: Gender differences observed on the language environment of the participating children, whole cohort
(n=14).
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No difference in the median of CV (Md= 1944, U=5, p=.86), CT (Md= 372, U= 6, p=1.0),
AW (Md=12238, U= 3, p=.40), FAN (Md= 9831, U= 4, p= .63, and MAN (Md= 2406, U=
4.0, p=.63) was found between gender among the participants with NH (n= 7).

Regarding the analysis of the language environment of children with HI (n=7), no significant
difference was observed in the medians of CV (Md= 1752, U= 8.0, p=.63), CT (Md= 564,
U= 7.0, p= 1.0), AW (Md= 14100, U= 4.0, p= .63), FAN (Md= 11348, U= 6.0, p= 1.0), and
MAN (Md= 5898, U= 4.0, p=.63) words between male and female participants. Figure 4 (p.
45) shows the characteristics of the participating children’s language environment based on

their gender.
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Figure 5: Distribution of the CV, CT, AW, FAN, and MAN words between-groups and gender. Clinical group (n=
7), control group (n=7).
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Note: Subgroups differences on the language environment (gender differences). There was a total of four boys
and three girls in each group.

The role of gender on childcare

Paired samples tests suggested that children with NH were significantly more exposed to
FAN words (M=10855, SD= 3579) than to MAN words (M=3968, SD= 2212); t(6)= 5.9, p=
.001. Significant difference in means was also observed among children with HI. They were
significantly more exposed to FAN words (M= 11769, SD= 4759) than to MAN words
(M=5442, SD=1230); t (6) = 3.5, p=.013 (Cf. figures 4 and 5, p. 45-6). Such results
confirmed the hypothesis that Brazilian mothers or female caregivers talk more to their child

than fathers or male caregivers do.
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5.3.3 Comparative analysis of the audio environment

LENA system analyzed the AE of the participant families under the following categories:
silence, noise, TV/radio, distant, and meaningful language. Tables 15 and 16 show the
descriptive statistics and the estimates of the AE variables provided in percentage for each
group of participants.

Table 15: Audio environment — control group (n=7)

ID/NH | Gender | Age | Silence | Noise | TV | Distant | Meaningful
c2 F| 25 50 3 4 22 21
C6 M| 21 42 4 1 34 19
Cc7 M| 11 29 3 2 48 18
C9 M| 21 32 3 2 41 22
C11 F 19 54 3 11 19 13
C12 F| 19 46 2 18 18 16
C15 M| 29 55 2 1 19 23
M 44 3 6 29 19
Min-max 29-55 2-4 1-18 18-48 13-23
Range 26 2 17 30 10
SD 10 1 7 12 4
Median 46 3 2 22 19
Table 16: Audio environment — Clinical group (n=7)

ID/HI Gender | Age | Silence | Noise | TV | Distant | Meaningful
C1 M 37 50 7 20 14
C3 F| 43 23 4 41 24
c4 F| 38 20 2 11 40 27
C5 M| 41 18 5 10 36 31
C8 F| 42 46 6 4 31 13
C10 M| 19 20 4 10 42 24
C13 M| 20 23 7 17 39 14
M 29 5 10 36 21
Min-max 18-50 2-7 4-17 20-42 13-31
Range 32 5 13 22 18
SD 13 2 4 8 7
Median 23 5 10 39 24

Group differences

A Mann-Whitney comparative analysis of the audio environment of the participating children
have suggested that children in both groups were exposed to a similar amount of time of
TV/radio (Md= 9%, U= 36, p= .17) exposure to language spoken close to the child (Md=
20%, U= 31, p= .46) and distant from them (Md= 35%, U= 34, p=.26).
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However, their environment diverged in relation to their time of exposure silence (Md= 37%,

U= 8, p=.04) and noise in the environment (Md= 4%, U= 42, p=.03) as shown on figure XX

(p. XX).

Figure 6: Characteristics of the audio environment of children with NH in comparison to the audio environment of children

with HI.
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No significant differences in the audio environment of the participating children were

observed based on their gender as shown below.

Table 17: Gender differences in the audio environment of the participating children (n= 14).

Mann-Whitney U test

Md U p-value
AE_Close to 20% 20 57
AE_distant from 35% 15 .28
AE_TV/radio 9% 34 .23
AE_noise 4% 15 .28
AE_silence 37% 30 49
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5.4 Correlational analysis

5.4.1 Child age vs. language environment variables

The results of the Spearman correlation analysis for child age (chronological, developmental
and hearing age) and the language environment variables (CV, CT, AW, FAN, and MAN)

was presented below.

Control group

As for the group of children with NH (n=7), children’s chronological age strongly correlated
with number of CV (rs= .98, p=.04), and with the amount of CT (rs= .79, p=.04), and to the
amount of language spoken close to the child (rs= .82, p=.02). Chronological age strongly
correlated with child developmental age (rs= .97, p=.00). No correlation was found between
child age and the amount of AW, FAN, and MAN words recorded.

Considering these children developmental age, similar results were found. Statistical analysis
indicated that developmental age strongly correlated with the amount of language spoken
close to the child (rs= .89, p=.01), with the amount of CV (rs= .95, p=.00), and with the
amount of CT (rs= .77, p=.04). No correlation was found between child age and the amount
of AW, FAN, and MAN words recorded.

Clinical group

When taking into consideration children’s longer hearing age, a positive, strong correlation
was found with higher number of CV (rs= .86, p=.01), and with the number of CT (rs=.79,
p=.04). A strong, positive correlation was found between child developmental age and the
amount of language that was spoken close to the child (rs= .86, p=.01), with the number of
CV (rs= .93, p=.00), and with the number of CT (rs= .86, p=.01). No correlation was found
between the chronological age and any of variables related to the language environment as for
children with HI, and no correlation was found between child age (chronological,

developmental, and hearing age) and the number of AW, FAN, and MAN words recorded.
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Whole cohort

A strong, positive correlation was found between children’s developmental age and the
amount of language spoken close to them (rs= .83, p=.00), with the number of CV (rs= .88, p=
.00), with the number of CT (rs= .83, p=.00). A positive, moderate correlation was found
between children developmental age and the number of FAN words they heard (rs= .56, p=
.04). No correlation was found between the chronological age and any of variables related to
the language environment as for whole cohort or between child age and the number of AW
and MAN words recorded (n=14).

5.4.2 Child age vs. language performance

The results of the Spearman correlation analysis for child age (chronological, developmental
and hearing age) and the language performance (CDI, AVA, and DevSnap) was presented

below.

Control group

The correlational analysis between child age their level of language performance yielded the
following results for the control group (n= 7). A very strong, positive correlation was found
between children’s chronological age and developmental age (rs= .97, p=.00). A strong,
positive correlation was found between children’s developmental age and DevSnap standard
score (rs= .77, p=.04). No correlation was found between child age and CDI, and child age
and AV A standard score.

Clinical group

The Spearman correlational analysis between child age and child language performance for
children with HI (n=7) took in consideration their chronological age, developmental age, and
hearing age. A very strong correlation was observed between hearing developmental age (rs=
.86, p=.01). No correlation was found between chronological age and CDI, AVA, and
DevSnap standard score. As of hearing age, very strong correlation was found with children’s
performance on CDI (rs= .93, p=.00), and with AV A standard score (rs= .96, p=.00). No
correlation was found between hearing age and DevSnap standard score. Children
developmental age strongly correlated with CDI (rs= .86, p=.01) and with AVA (rs= .82, p=

.02). No correlation was found between developmental age and DevSnap standard score.
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Whole group

The language performance of all participants (n= 14) was analyzed in relation to their
chronological and developmental age. No correlation was found between child chronological
age and CDI, AVA, and DevSnap standard score. A strong correlation was found between
developmental age and CDI (rs= .78, p=.00). A moderate correlation was observed between
child developmental age and AV A (rs= .57, p=.04) and DevSnap (rs= .68, p=.02).

5.4.3 Language environment vs language performance

The results of the Spearman correlation analysis between language performance (CDI, AVA,
and DevSnap) and the language environment variables (the language spoken close to the
child, CV, CT, AW, FAN, and MAN) was presented below.

Control group

The results of the correlational analysis indicated a strong to a very strong correlation between
the CDI and the number of CT (rs= .81, p=.05) and the number of AW (rs= .89, p=.02). No
correlation was found among any of the other variables.

Clinical group

It was observed on the results of the correlational analysis that children’s performance on CDI
strongly correlated with CV (rs= .96, p=.00), CT (rs= .93, p=.00), and FAN words (rs= .82,
p=.02). The CDI neither correlated with AW nor with MAN words.

Children’s expressive language (AV A score) strongly correlated with CV (rs= .89, p=.01),
CT (rs= .86, p=.01), and FAN words (rs= .79, p=.03). No correlation was found with AW or
with MAN words. The DevSnap did not correlate with any of the language environment

variables.

Whole group

Data of the whole cohort (n= 14) suggested a very strong correlation between the CDI and the
number of CV (rs= .87, p=.00) and CT (rs= .94, p=.00). A moderate correlation was
observed between the CDI and the number of AW (rs= .57, p=.04) and FAN words (rs= .63,

p=.02). No correlation was found between the CDI and the amount of MAN words.
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The AVA standard score strongly correlated with the amount of CV (rs= .73, p=.00) and with
the amount of CT (rs= .77, p=.00). The AVA standard score did not correlate with AW,
FAN, and MAN words.

The DevSnap moderately correlated with CT (rs= .66, p=.03), AW (rs= .61, p=.05), and
FAN words (rs= .69, p=".02). No correlation was found between DevSnap and CV and
between DevSnap and MAN word.

5.4.4 Language spoken close to the child

Control group

The results of the correlational analysis indicated a strong correlation between the number of
words spoken close to the child and the number of CV (rs= .79, p=.04). As for the control
group, the number of words spoken close to the child did not correlate with any of the other
variables related to children’s language performance and the characteristics of their language
environment.

Clinical group

The number of words spoken close to the child strongly correlated with the CDI (rs= .84, p=
.02) and to the AV A scores (rs= .84, p=.02). It was also found strong correlation to CV (rs=
.89, p=.01), CT (rs= .93, p=.00), AW (rs= .87, p=.10), and FAN word (rs= .82, p=.02). No
correlation was found between the amount of words spoken close to the child and MAN word

and DevSnap.

Whole group

A correlational analysis including the data of the whole cohort indicated moderate to strong
correlation among the variables taken into consideration. The amount of language spoken
close to the child moderately correlated with the results of the CDI (rs= .69, p=.01), the
DevSnap (rs= .64, p=.03), and the amount of AW (rs= .60, p=.02). A strong correlation was
found between the amount of language spoken close to the child and CV (rs= .81, p=.00), CT
(rs= .87, p=.00), and FAN words (rs= .79, p= .00). The amount of language spoken close to
the child neither correlated with the AV A standard score nor to the amount of MAN words.
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5.4.5 Parental education

Control group

The group of children with NH was rather homogeneous in regards to the level of parental
education, for all of the participating parents had a college degree. The Spearman
correlational analysis could not compute the correlation between the level of parental
education and children’s language performance on the selected assessment tools. Likewise,
the correlation analysis yielded no results for the level of parental education in correlation to
the number of words spoken close to the child and to the amount of AW directed to the child.
Clinical group

As presented in section 4.1 (p. 22), 69% of the participating parents had a college degree and
31% of them had a high school diploma. The correlational analysis yielded no result at a
significant level for the correlation between the level of parental education and any other
variable.

Whole group

Taking in the whole cohort, the correlational analysis between the level of parental education

and all the other variables did not yield significant results.
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6 Discussion

6.1 Theoretical background

The LENA system allows researchers to gather more knowledge about the interactions
between the developing children and their parents in their home environment. It provides
relevant data for supporting our understanding of how much parent-child interaction in their
home environment has contributed to a child’s language development by the recording day.
Bronfenbrenner’s (1979) and Chomsky’s (1998 and 2011) theories were relevant for this
study because it provided the theoretical background for understanding how parent-child
interactions and the home settings influenced on the child’s level of language development in

relation to their chronological, developmental, and hearing age as of the recording day.

The theory of ecological system (Bronfenbrenner, 1979) and the nativist theory for language
acquisition (Chomsky, 1998 and 2011) provided grounds for urging Brazilian authorities to
strengthen public policies for supporting individuals with HI soon after birth. The existing
policies focuses on the early identification of HI and on providing adequate support for the
families and the developing child with HI pre- and post- fitting of HA/CI (cf. section 1.3, p.
3). However, these services have been provided to only 8.4% of the population with HI
(IBGE 2015). Strengthening these policies should increase the number of children receiving
adequate support, reduce the period the child spends in silence, support their language

development, and improve their quality of life.

6.2 Pre-validation study

The LENA system is a speech streaming technology developed in the USA for primarily
measuring the characteristics of the listening and language environment of toddlers. This
system has so far been deemed sensitive to the acoustic features of seven other languages as
discussed in section 3.2 (p. 16). The current study was the known first study devised for
testing and pre-validating the LENA system to BP. As part of the pre-validation process, it
was necessary to devise a coding protocol for manually transcribing samples of 15-min
recording of the participants with NH. The devised protocol was adapted from coding

protocol for European French (Canault et al., 2016).
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An intraclass correlation coefficient was calculated for measuring the degree of agreement
between the human raters’ counts. High interrater agreement for the AW and CV counts were
very high (0= .993 and a=.842 > .70) and showed a consistency value of 99.3% for and
99.7% for AW and CV, respectively. Thus, research findings were in line with Canault et al.
(2016) and suggested that the devised protocol was valid and should be used in the pre-

validation study.

The reliability analysis between the LENA and the means of human raters’ estimates for AW
and CV yielded a moderate to strong mean percentage of matching (84% and 66%,
respectively). Contrary to the French reliability study (Canault et al., 2016), the LENA system
tended to overestimate the human count for AW, but underestimate it for CV for BP. Such
result suggests a type of labeling error that should be further investigated. However, it did not
compromise the good reliability between the LENA automated and human counts for BP.

The above-mentioned differences were not observed on the correlation analysis between the
automated and human counts for both variables (r=.936, p=.002 and r=.932, p=.002, AW
and CV respectively). The correlation between the LENA automated and the human counts
for AW and CV found in this study were stronger than the results from previous studies (cf.
section 3.2, p. 16). Despite the small sample (n=7 and 105 min samples), the very strong,
positive correlation found between the LENA automated and the human counts suggested that
the LENA system was sensitive to the acoustic features of BP, and therefore, it generated
reliable counts of AW and CV (Canault et al., 2016).

6.3 Comparative study

No significant difference was observed on chronological and developmental age between the
children in the children with NH and in the clinical group (HI). For this reason, the
comparative analysis of the language performance, the language and the listening
environment between the two groups could be conducted without major restrictions. A Mann-
Whitney analysis of the group performance on the language assessment tests yielded no

significant differences between groups (cf. section 5.3.1, p. 40).

It was observed that children’s performance on the language assessment tests (DevSnap, CDI,
and AVA) varied greatly within groups regardless of children’s hearing condition. The age of

the fitting of HA/CI accounted for the language performance in children with HI. Those who
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were fitted with HA/CI at younger age displayed better language skills than their peers older
age at fitting. This result was in line with Ambrose et al. (2015) who observed that the amount
linguistic input provided by parents to children with HI increases as child age. As of the
performance of the participants in the control group, the varied level of language skills was
associated with the very young age of three of the participants (11 to 19 months).
Investigating subgroups differences in language skills and language environment was not

within the scope of this study. Yet, it should be further investigated in future studies.

Although it was not the objective of the study, it was observed a difference in the language
performance of children with moderate to profound HI. Among the children with HI, those
with moderate HI (C4, C5, and C10) presented better language skills than the ones with
profound HI (C1, C8, and C13)’. Subgroup differences in language performance and
environment should be further investigated in a future study.

No significant difference was observed in the language environment between the two groups.
It suggested that children with HI were exposed to a similar number of AW, got involved in a
similar number of CT, and produced a comparable number of CV. They have also been
exposed to a similar number of FAN and MAN words. The present results suggested that
children with HI need a higher amount of input to develop language level comparable to
children with NH (Aragon & Yoshinaga-Itano, 2012). The similarities of the language
environment in the participating families is possibly a consequence of the fact that parents of
children with HI have been oriented by their child’s speech therapist on how to interact with
their child with HI (Ganek & Eriks-Brophy, 2017).

As of the characteristics of the audio environment, between-groups comparison analysis
suggested that the audio environment of the participating children was similar with regards to
the amount of exposure to TV/radio, and language spoken close to and distant from them.
Yet, it was observed that children with NH spent relatively more time in a silent environment
than their counterparts with HI. Conversely, it was observed that children with HI spent
significantly more time in a noisy environment than their peers with NH. These differences
could be explained by the fact that the group of children with NH was slightly younger than
their counterparts with HI even though this was not a significant difference. Being so, the

7 C3 was the only child with profound HI whose language skills were within the expected range for her
chronological age. Her adequate language performance as associated with the early age of fitting HA.
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children with NH spent more time in silence because they napped in the afternoon whilst the
slightly older children with HI did not.

Regarding gender differences, no difference in language performance was observed between
boys and girls despite their hearing condition. Similarly, the characteristics of the language
and listening environment of male and female children were comparable. It suggests that
Brazilian parents provided the same language and developmental opportunities to their male
and female offspring. However, it was observed a significant difference on the number of
words male and female caregivers directed to their child. Female caregivers spoke
significantly more to their child than their male partners. Such result is in line with previous
studies suggesting that Brazilian women are still the caregiver in charge of childcare (Dessen,
2010; IBGE, 2012) and the LENA studies in the USA (Gilkerson, & Richards, 2008; Johnson,
Caskey, Rand, Tucker, & Vohr, 2014).

6.4 Correlation study

Control group

Evidence from previous studies has suggested that the number of CT and AW would be
predictors of the number of CV (Gilkerson et al., 2015; Nilsson & Olsson, 2015). Gilkerson et
al.’s (2015) observed in their validation study for Chinese that the number of AW correlated
with child age. Contrary to Gilkerson et al.’s (2015) study, no correlation was found between
child age and the number of AW in the present study. However, correlation analysis
suggested that the number of words spoken close to the child, CV and CT was in accordance
with child chronological and developmental age (cf. unit 5.4.1, p. XX). Evidence from
research suggested that increase in child age leads to increase on the exposure to linguistic
input, on the number of involvement in parent-child interaction, and consequently on the

number of vocalizations (Ganek & Eriks-Brophy, 2017).

The amount of language spoken close to the child with NH strongly correlated to the number
of vocalizations produced. It suggested that the amount of linguistic input directed to the child
stimulated the child to produce more vocalizations. A strong, positive correlation was also
found between CT and CV for the group of children with NH, but no correlation was found
between AW and CV and between AW and CT. These findings suggested that the number of
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parent-child interaction was a predictor of child language performance rather than number of
AW heard by the child (Nilsson & Olsson, 2015). Thus, the more conversational turns and
interactions between caregivers and children, the better will the child develop language in
relation to the chronological age (Romeo, Leonard, Robinson, West, Mackey, Rowe, &
Gabrieli, 2018).

A strong correlation between child performance on the CDI and the number of CV and AW
was observed. It suggested that child language performance is in line with the number of CV,
but also the number of AW directed to the child. The present results were in line with Nilsson
& Olsson’s study (2015). These findings suggested that the amount of parent-child directed
talk stimulated children to talk more, which led to improvements in their language skills
(Nilsson & Olsson, 2015; Hart & Risley, 1995).

Clinical group

Contrary to the participants in the control group (n=7), no correlation was found between
chronological age and any of the language environment and performance variables among the
children with HI (n= 7). The LENA system was able to capture the correlation between the
language environment performance and child age after the fitting of the HA. The correlational
analysis between hearing age and the language environment variables indicated that the
number of CT and CV was in accordance with their hearing age. Child expressive language

and communicative development were also in line with children’s hearing age.

Children hearing age strongly correlated with their developmental age. The developmental
age strongly correlated with the same measures as the hearing age did. However, the child
developmental age has also correlated with the amount of language spoken close to the child.
Similar results were observed among children with NH. These findings stressed the

importance of the role of parent-child interaction on children language development.

Just as for the children with NH, the number of CV was dependent on the amount of parent-
child interaction and not the number of AW to which they were exposed. Yet, child exposure
to linguistic input produced close to them have also influenced on their language production,
which was in accordance with their developmental age. Children performance on the CDI and
the AVA was also in accordance with their developmental age. These results suggested that
children language production were at the expected level for their developmental age.
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It was observed that child communicative and expressive language development correlated
with their exposure to linguistic input produced close to them, the number of CV, CT, and
FAN words. This result suggested that both the amount of exposure to linguistic input and
parent-child interaction played a role in the amount of language production of the
participating children with HI.

The number of words spoken by male caregiver did not correlate with any variable. In line
with studies on the role of women in child care in Brazilian context (Dessen, 2010; IBGE,
2010; IBGE, 2012), the present data indicated the influence of female caregivers on their
child language development. Further study should investigate the reason why the number of
MAN words did not influence on child language development in a similar way. Considering
that having the recordings conducted on a weekend, when all the family members were at
home, would it be the case that fathers felt uncomfortable in being recorded? Or would it be a
sign of imbalance in the division of childcare chores? Further investigation is needed.

Whole group

The results of the correlation analysis including all of the participants (n= 14) suggested that
the developmental age of the child was a more appropriate measure for investigating child
language development and language and audio environment. The developmental age was
believed to place all of the participating children on the same grounds. The correlational
analysis indicated that not only the amount of exposure to language input close to the child
but also the number of parent-child interaction contributed to achieve age-related levels of

language development.

The children’s performance on the language assessment tests correlated well with the factors
of their language environments. Both the number of AW and CT were in accordance with
their level of language development. Again, the focus should be given to the role of
interaction with female caregivers to children language development. The results of the
present research challenged the results of earlier studies suggesting the influence of the
number of AW on children’s language performance (Nilsson & Olsson, 2015; Hart & Risley,
1995). Childrens’ language acquisition involves the child’s own active role and more than just
listening to adults talking. Seemingly it relies most on the constant dyadic interaction between
caregivers and the child (Romeo et al., 2018; Nilsson & Olsson, 2015).

59



Language assessment tools

As of the correlation among the CDI, the AVA, and the DevSnap scores, no significant results
were observed among the children with NH. Regarding the data of the cohort of children with
HI, no correlation was found between the DevSnap and any other variable. Yet, the CDI
correlated with AV A scores. The correlation analysis gathering the data of both children with
NH and children with HI, the CDI strongly correlated with the AVA and the DevSnap. This
correlation suggested that the CDI would be a sensitive tool for assessing child
communicative development in BP. Future study should investigate the correlation between
the CDI to the DevSnap adapted to BP with a larger sample. Finding a positive correlation
between these three assessment tests would strengthen the validity of the DevSnap as a

language assessment tool to BP (Nilsson & Olsson, 2015).

Child language and parental education

Previous research has suggested a correlation between children level of language development
to the level of parental education (Ambrose et al., 2015; & Hart & Risley, 1995). Ambrose et
al. (2015) argued that the highly educated parents would use good quantity and quality of
speech in interaction to their children. Results from previous research suggested that children
from low SES families received fewer stimuli for developing their language skills whilst
children from higher SES families received more support for developing language
(Yoshinaga-Itano, 2012; Nilsson & Olsson, 2015; Weisleder & Fernald, 2013; Wood et al.,
2016).

In this study, nine out of 11 participating families came from middle to high SES. The level of
parental education was very high, for 86% (22) of them hold a college degree. It resulted in a
rather homogeneous cohort despite the diverse language environment of these families.
However, no correlation was found between language environment and the level of parental
education/SES. It was observed that both child language performance and adult input varied
greatly between both groups of participants regardless of the level of parental education.
Consequently, the profile of language profile of Brazilian children from low SES families is

still unknown. A similar pattern was observed in Pae et al. (2016). Thus, future study should
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further investigate the SES of the participating families in relation to their children language
skills.
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7 Conclusion

The present research results suggested that LENA system is a reliable tool for investigating
the language environment of Brazilian families, monolingual speakers of BP. The present
results were in line with earlier studies testing the LENA system for other languages (Aragon
& Yoshinaga-Itano, 2012; Canault et al., 2016; Da Prato, 2016; Gilkerson et al. 2015).
Replicating this study with a larger cohort would provide us a more consistent and detailed
insight of the audio and language environment in Brazilian families, and preferable in a

cohort that consists of all levels of SES.

The correlation between early age of fitting HA/CI and child language development stressed
the need to diagnose and take care of HI soon after birth. Therefore, it would minimize the
negative impact of the period that deaf children spent in silence during early years when their
language development is emerging (Chomsky, 1998 & 2011, Heart & Risley, 1995). The
present findings strengthened the importance of parent-child interaction on child language
development. Children learn the language from the environment they are immersed by

interacting with competent speakers of that language (Romeo et al., 2018).

The current findings highlight the need for creating public policies to support validation and
implementation of the LENA system in a Brazilian context. The investigation of the natural
language environment of Brazilian children in a large scale would generate the normative data
of the LENA system to BP. If so, it would allow researchers and clinicians (1) to understand
what a typical language environment of Brazilian families looks like, (2) identify children at-
risk of language delay, (3) to elaborate personalized, family-centered intervention for the
developing child, and (4) to support parents to stimulate their child with HI at home, based on
their family routines and with a more ecological assessment tool that can measure the
progress of both the children and families. Consequently, the impact of language delay on the
child, i.e. due to HI, would be diminished whilst stimulating their communicative, cognitive,

and social development.
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Cornigides e apresenades,

Recomendagbes:
Corngir TCLE

Conclusdes ou Pendéncias ¢ Lista Ge Inadequagdes:
Aptavado, Os apontamentos para corresdo de erros da tighazdo o espacamento no TCLE ndo impedem a

porém o TCLE sgresenta erros de digiagdo e espogameanto. Sugiro comegao,

apravagho,
Consideragdes Finais a critério do CEP:
Apravada com recomendapbes.
Este parscer fol elaborado basoado nos documentos abalxo refackonades:
- Tipo Documanio Y, L L T “Postagem [~ Autoe Siluagdo
| Informagses Basicas _INF _BASICAS_DO_P | 28082017 Acuito
ROJETO 954527 pdf __ 13:35:55
TCLE ! Termos de | TCLE paf 22082017 [Cirnara crising slves Aceito
Assentiments / 133453  |da costa lenvy
Justficativa de
Outras ParecarcersubstanciadccoCEP doo 28082017 | Glmara cristing ales | Aceito
10:08:12 a
Outros inventanoanexol pdr 2%0:1720;7 Glmara cristina alyes ACEAO
= DR 079 8 !
Outros LiftiEars, pof 28002017 |cimara cnsting aives | Agailo
10:06:14 | da cosla levy
Projeta Detalhado / FrojélodepesquisacomLens docy 2882017 [cimara Criztna alves | Aceito
Ercchurn 10:04:37  [da costa lavy
Dedaracdo de Of_ACPC_1512017.pdl 31NTz2017 Edgar \isirg
nsiicac o 12533 (Rodrigues .
Dedaragao de Digtatzacacaulorizacan pof 220772017 |dimara crisling alvas Aceita
» 18:46:20 |da COSta Jewy
Enderegs:  SANTAISADEL
Bairro: VLA BUARCLY CEP; 01.221-010
UF: &P Muwnlciplec S840 PALLD
Tekefone: m‘ 121767639 Fax: (13)2175-7628 Cmai; COPIRRINILImISY ooy b
Farraoy oy
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SANTA CASA DE W
MISERICORDIA DE SAO
Infrgestrutura Cigilalzacacoutonzaceo, pof 2200772017 |cimara crstng alves | Aceilo
18:4620 | da costs vy
Declaraco do [Digtalizacaocompromisso pal Z2)0712017 |cilmara cristna alves | Acello
- 18:4533 _|da
olha de Rosto Digitaizacacfolhaderostoassrada.pd! | 2207/2017 |cilmar cristna aves | Aceito
13:44:13 | da costs lavy
Cranograma Cronograma.cocx 140772017 [dimara cristing atves | Aceito
Z1:1550 |da costa levy |
Orcamento arcamenio.pdt 140772017 |cilmara cristing alves | Acedo
na;g._m lavy
de autonzacaodepanamento, paf 140072017 |cilmara crisling alves | Aceilo
Instituigio & 21:02:53 | da costa levy
Situagdo do Parccer:
Apravado
Necessita Apreclagdo da CONEPR:
Nio
SA0 PAULO, 11 da Setembro da 2017
Assinado por:
Pollyana Qliveira Lira
{Coordenador)
Endoroge:  SANTA ISASEL
Balro; VLA BUARCUE CEP: 01221010
UF: S Nunicipio: SAD PAULGO
Tolfone: (11)2176-7689 Fac (112176702 .
( o E-mail; MMWM
e —
Pigirn 00 0o 23




Appendix Ill - Term of Consent to parents/caregivers

i0 % Universitetet i Oslo
TERMIO DE CONSENTIMEMNTO LIWRE E ESCLARECIDO

Eu Miriam da Silva Ferreira, portadora do B.G 130534651-1, graduanda do programa de Mestrado
em Educacio Eszpecial da Universidade de Ozlo, sob crientacZc da Prof Dra. Tlpka Loflonst,
professora adpmta do programa de pds-graducacio em Educagdo Especial da Universidade de
Ozlo, & Prof Dra. Cilmara Cnsting Alves Costa Levy, portadora do BG 135349322-7.
coordenadora do Curso de Especializacdo Lato Sensu em Andiologia da FCMSCSE, venho
convida-lo para participar da minha pesquisa infitulada Anslize do ambiente nguisten de crisngas
brasilemras com deficiencia audiiva.

O objetivo da pesquisa € analisar o ambiente anditive e lingnistico de criancas de 18 a 30 meses
de 1dade com deficiéncia auditiva em comparagéo com o ambiente de linpuagem dos contreles de
criancas com andigio normal, n:c-mhlbadas em idade no comtexto brasileiro. Para alcancar esse

objetivo, o sisterna [LEMAT serd usado para coletar, analizar e classificar oz dados com base em
trés variaveis: (1) vocalizacdes infantis, (2 jpalarras de adultos e (3) turnos conversacionais.

O sistema automético LENA™ é um programa de computador desenvolvido para medir e
analizar as gravagdes do idioma vtilizado no ambiente domeéstico de criancas entre (-4
anos. Serd realizado gravagdes durante um dia inteiro (cerca de 12 horas) feitas com a

metodologia [ENAS

O=s paiz receberfo gratuitamente oz coletes contendo wm  mini-gravador-PLD
(processador de linguagem digital) que ird identificar e medir o ambiente de avudigio
durante o dia de acordo com a porcentagem de ziléncio, sons eletrémicos [TV, [Pad). fala
significativa (conversas a distincia préxima 3 crianga chave) e distante (conversas a
distancia ou sobreposicio da fala) e, as devidas orientagdes de manuseio.

Og documentos no serfo utilizades para qualquer outro fimm sendo o proposto por essa pesquisa,
sendo gue somente 3 pesquizadora do trabalho terd acesso as respostas, preservando desta forma
2 identidade do participante.

O participants nio tera despesa, remuneragio ou ajuda financeira referente 3 sua participagio 2 o
mesmo tem a liberdade de, em qualquer momento, refirar seu consenfimento & deixar de parficipar
da pesquisa sem nenbuom prejuizoe no atendimento realizado na Instituigo.

A pesquisadora acima citada pode ser encontrada no Setor de Foncaudiclogia da Imnandade de
mizsericordia da Santa Casa de 580 Paulo, sitmado a Bua Jasuaibe 353, Vila Buarque/SE, CEP:
01221-020, Telefone 11 217673939 ou 11 909884927 Podendo esclarecer dimvidas no Comité de

Etica em Pesquiza dz Irmandade da Santz Casa de Mizericdrdia de 580 Paulo, situado a Fus Santa
Izabel, 305, 4° andar, Santa Cecilia’SP, CEP: 01221-010, Telefone (11 2176-7689.

En Jportador do BG
mirmers , declaro que fil devidaments wfamnade (2) sobre o
procedimentos que deverel realizar & autorizo utilizagdo dos materiais contendo meus dados
para a realizagio deste estudo.

Sdo0 Paulo, de de 20

Assinatura do Participante Assinatura do Pesquisador

75



Appendix IV - Developmental Snapshot checklist
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@ Ui Universitetet | Oslo L‘:'Ilﬁﬁﬂﬂ m

"Palavras fazem a diferenga” - questionario para os pais

Nome da crianga; Nitmero do DLP;

Data de Nascimento: [ | Gémers: Masculing ) Feminino () Data do implamte: /| (

1. {mande vooé conversa com sen fithe (a), ele (a) procura primeiro por wm constate visnal e depois pela sua voz? Sim  Ainda nio
Ex. Vocé toci na sen () filho fi) para que ele fa) alhe para vocs? 00

2. Quando vock ri para seu (a) filho (a) ou o chama an voz alta, ele (2) normalmente responde a0 s chamado? S Ainda oo
od

5 O(n) seu () filbo (a) 52 comporta de maneirns diferentes dependendo do que ele (a) quer? Sim  Ainda nio
Ex.; O sew fa) filla fa) Jirz sons difereies quanids esid com fame ou casad (a)? O O

&, O sen () filbo (a) demonsics esiar satisfiento oa insaiisfento com sons que o seja grite ou rsa? Sim  Adnda nia
Ex @ seir il fa) pode firzer sons que demorsiren sarfimde o frisfragdo” 00

5 O{a) seu () filbo (a) coshama colocar brmguedes ou outros objetos na boca? S Ainda nio
g

6. O () s {a) filbo (a) costuma nr! Sun Adnda o
0d

7. O{a) sen (3} fillo {a) costuma brincar com s voz fazendo sons diferenes? S Ainda nio
Ex.. O {a) seu{a) fillso (a) produz s leves (sons de alla frequénein, sons batror‘aurdas e extala a5 lbios come 0o

s etivesse mmdkmds win beljo?

8. O weu da) filbo () fala mazs de disas vogas, ex. faf ou fe? S Ainda nda
0o

9. O {n)sew{n) filho (o) reconhece o propno nome oo apelido? Sim  Ainda nio
Ex.; Qi vocé fal o nowe o sen (o) fillso {n, efe fal s vezes para o que esid fazends para e albar? Od

10, €0 () sewn (i) filloos () proocz sons/Tala oar grita para chaniar sua atengho” S Ainda nda




@ vorvemeaion (@) sz JEENS

O 0 |
18, O fa) men {a) il { o) sl oo on wotm qus vocd ol ctibi pesaos pepdus® Sms  Adads gio
o o
1.2 ) e ) filbo {a) pode Bl wilabor: como: “habobe” ou “dadada? Sms  Amidapio
O 0O
J.l.ﬂ-ﬂnwﬂ:E:l:-lnl;-lrnll;lrinl;-lruimrm"'.m:pl’wh'ul'qi'.lh[ljhﬂmmmt Sm Amds pdo
\ehretmb® 0.0
T4, 00 (2] s (] filho ) consegue combemar soe dderenies guanda i baltocsmde? B Auwia ndo
Fox.: e vond ol “hr-ka-lr ', ot ol én s ol cosioandes ¢ okar vapan” O a
15, O ) s n) Tl ) s @ Vo2 € gesticuls oy Comimmice o e ele quar® Sn  Aunda sbo
Ex - Ok e {a) filkc {8 docm ou se move s ofiregdo oo cliin desgionk espumedo: awnds @ vag* oo
18, 00w st f n) Tilkay { &) Dala oantyen palivess aléin de "™, "papai™ Tim  Awds sho
Ex - Ovi ) e ] Tilbo m) Sl o on g~ iendonslo afcer e o o
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&:ﬂlﬂlﬁ_ﬁﬂhﬂﬂ“ﬂ“m'ﬂﬂm'hpﬂ'H'ﬂiﬁqﬂ!"." O O
T O {a) e () kb | ) evatenihe e pedtin smgple B Amida ko
Ex Cowo quanchs 100 oz . S s n !
15, L3 a) s {x) { 8] Epoata pars o COTe (ks oo pergimta "rade & boda” o0 "voos v o camunkde” oo Sum  Amida ko
far pergrmlas. jewecudas’ imn]
30, ViOCE convegte perceber I mioteke 1 Vo do {1) #61 (1) Bl (1) qrasde ele {a) (G Ui pergumia” T umda mlo
o g
20, O] e ) Millay {8 sbe apsotlar purn s peics do corga quatlo solcilads (a1 Rim A sio
Ex - Eie jor sobe apossior perer o ofbor, st dealns, cobels, eic 0 0
Y Oria) i ) Gl d) sabe b el 141 jaal e void comenee ailaudaT Sadd Al glo
‘l_hﬂ!mlﬂ'ﬂn o eta il
&:.‘jMBwaMmpwjmﬁ'mﬁﬁuMm T I s referir @ |t T’ O O
# comuidiroks vy palnTa
T80, 0w e g filbo {n) aponts pera shicios na pégina de om o i vood 1§ s miena? Sima Amada nfc
L Pk voed M s fveo fanee oo sew e (o o permosts ol eSR] 0 o o e R () O o 0
e peara v fieo o gt
24, O ia) s fa) ilka { ) cosiumia unilar palavre que de oudtilon cn wma Seavena? [T
a 0
38, 0 e wew ) filko ) consepse separ matrugies complexas T Sma Admda nle
Ex Pagur o1 R0 Ggatic ¢ rokanise-on i i’ o0 e i SO @ S0 et d K _Ei____l;l
mﬁm&n[ﬂnﬂkp&umnﬂhmﬂm&pﬂcﬁum—ﬂnﬂ S Aussds sl
Ex £ pew filbe faf anieode pedmeran fome (pala’ oo o dorae © mens guondd vecd mde d nesdumes oo
iz dho sdpnficads desia poalm ren
37,0 neny [l (ah evdende pogeilas com "o oque”, "quem” ¢ Coeade’? S A i
o o
1%, Vool consep idenhdicer o olyelon sos quais s (8 filho {a) w rele? S Amds ndo
Ex | Ble fral bewitcs dizer palunos o idro | caller ' ¢ Pl an
19, ik VoS RpOnEa paa fons & peaisd £ a0, 56 (1) Gk {K) WS Sousear 0 que gk vET S e b
o o
33, i) dani () Nillss (A} conncpens aalaida a Efeiaigh aubie "dealne, Tora®, “abie’, “rin clima’, “rii bakin'? Bawm  Asls wls
o O
0w sen () Bl o) consepess Fermar freses. smaples com duss palnras? Sme  Amds nlc
Er il ol au e sl O o0
32 Sew(a) o () sabe falsr peio menos %0 palmaes” S s ko
g o
A3, D dw) sen de) filley &) csnaude o difsiawe anre um'a, e s, o'’ Riga  Austals mles
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X5, Or ) ncm (ap il (2) bisa s paliivad o', "mis’ @ "ol 'Y Sim  Ainda plo
O O
18 Sen () filbo (a) wsbe o mame des cone?? Smm  Ainds nio
. v o filiher apaike poro o odieta verowele quessde vocd o riool® o verenio 7 O o
37, 0 ) wn (ah o (3) jh abe e palivess joe se Telos 50 Desiailio (o, objelas Sim  Arda nbo
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o0
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£ weama’ e chapée’, ow o belm oo
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O 0O
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o El g e~
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O a
IT.‘D{I}‘NWE‘I}H.'MNI“EM Sun  Ainda sl
Ex - ale (o) neo padmeray coe moobon | ‘raru’ e o o
£ O apwen (a) Bl (o) far epronlencamicnle lrases com s de 10 palavras? S Airida mho
o d
&9 Seu {a) filhe (a) sbe shenibifcar & cotepom de obpoiosT S Al i
Ex - Bl il gneincde guomclo vod s oo 2 fnitin " on ol wximapdon dy  peumat O 0o
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Appendix V —Words make difference Parental
Questionnaire

Universitetet i Oslo

”Palavras fazem a diferenca”
Formulario dos pais

Nome da crianca:

Nome da mie:

Nome do pai:

Data de nascimento da crianga: Data do implante: /

Género da crianca: masculino () feminino () Data: /|

Sim, qual? Nio

Seu (2) filho (2) tem algum problema de
sande?

Se sim, por favor indigue a idade da crianga quando o problema foi identificado.

Grau de escolaridade?

Mie Pai

Educagio basica

Enszino fundamental

Ensino médio ou profissionalizante

Nivel superior

Mie Pai

Em que pais vocé nasceu?

Se vocé ndo nasceu no Brasil, em que
idade voceé veio para o Brasil?

Que idioma vocé fala principalmente com seu (a) filho (a)?

Mie Pai

Sozinho (a) com a crianca

Tunto com o outro responsavel (pai ou
mae)




Appendix VI — Words make difference - Daily
Activities log

”Palavras fazem a diferenca”
Relatorio de atividades diarias

Nome da crianca:

Data de implante: /.

Diata de Nascimento da crianga:
Diata: / f

Hora | Presentes no
ambiente (Ex.: Arividade continua, o que acontece?
irmiios, pais, etc.)

06:00-
07:00

07:00-
08:00

08:00-
09:00

09:00-
10:00

10:00-
11:00

11:00-
12:00

12:00-
13:00

13:00-
14:00

14:00-
15:00

15:00-
16:00

16:00-
17:00

17:00-
18:00

18:00-
19:00

19:00-
20:00

20:00-
21:00

21:00-
22:00
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Appendix VIl — Instruction sheet - Recording with
LENA™

’:} UiO 2 Universitetet i Oslo Ll

”Palavras fazem a diferenca™ —

Gravacao com o LENA

Durante a gravacgdo: verifique se o equipamento esta funcionando
adequadamente ao longo do dia. Gravar de 12 a 16 horas, isto &, o dia intetro.

Assim € o gravador LENA:

| POWER

liga/desliga
Tela
REC [gravar
i Microfone
Entrada

USB

Para gravar:

1. Ligue o LENA pressionando o botio POWER. Segure o botZo por alguns segundos.

2. Esperar até que apareCa a palavra SLEEPING (dormindo) na tela.
1. Pressione e segure

2. Sleeping

(V5]

Pressione o botiao REC por 4 segundos até que apareca a palavra RECORDING
(gravando) na tela. A gravacdo tera ent3o iniciado.

= 3. Pressione e segure
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SANTA CASA

5',) UiO 2 Universitetet i Oslo

O colete

Para gravar com o LENA, vocé precisara usar um colete para armazenar o gravador.
Certifique-se de iniciar a gravaC3o antes de inserir o gravador no colete.

O gravador deve sempre ser inserido no bolso do colete com a figura do elefante de cabeca
para cima e o microfone virado para a frente, antes de vestir o colete na crianca! O colete
deve ser colocado na crianCa de forma que o gravador fique na altura do seu peito ou da sua
barriga.

R O elefante deve ser inserido
"', primeiro!

Microfone

Pausa

Pressione REC para pausar a gravagao. Inicie a gravag3o apretando REC novamente.

Pressione e segure

Pausar

Parar a gravacado

Ao fim do dia, foram registrados de 12 a 16 horas de gravacdo. Desligue o gravador
pressionando o botio POWER. Segure o botdo por alguns segundos.




Appendix VIII - LENA Composite Review, AVA
Report, and Developmental Snapshot by case

Nome da crianca: C1 Género: Masculino
Nome da Mae: XXX
Data de nascimento: 07/2014 Idade no dia da gravacao: 37 meses

Data do implante: 11/2016 Idade auditiva: 8-9 meses

Relatorio da avaliacao automatica de vocaliza¢io
AVA pontuacdo padréao: 71pts  AVA percentil: 2%
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Nome da crianca: C1
Nome da Mae: XXX

Data de nascimento: 07/2014
Data do implante: 11/2016 Idade auditiva: 8-9 meses

Areas de avali¢éo

Género: Masculino

Idade no dia da gravacéo: 37 meses

Ambiente sonoro (%)

Siléncio: 50%°
Barulho: 7%e

9%

Fala distante: 20%
Fala significativa:
TV/radio/eletronicos: o | 14%

Tempo total de gravacdo: 12h27m
Vocalizagdes infantis: 384

Turnos conversacionais:144

Palavras enunciadas por adultos: 13668

Composite View
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Nome da crianca: C1

Género: Masculino

Nome da Mae: XXX

Data de nascimento: 07/2014

Idade no dia da gravacéo: 37 meses

Data do implante: 11/2016 Idade auditiva: 8-9 meses

Ponto de desenvolvimento

Idade de desenvolvimento: 12 meses — risco de atraso no desenvolvimento

DevSnap pontuacéo padréo: <65 pts

Developmental Snapshot

LENA BRASIL
(o ol

L4

DevSnap percentil: 1%
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Nome da crianga: C2 Género: Feminino
Nome da Mée: XXX
Data de nascimento: 07/2015 Idade no dia da gravacao: 25 meses

Relatorio da avaliacao automatica de vocaliza¢io
AVA pontuacdo padrao: 122 pts. AVA percentil: 92%
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Nome da crianca: C2 Género: Feminino
Nome da Mae: XXX

Data de nascimento: 07/2015 Idade no dia da gravacao: 25 meses
Areas de avalicio
Ambiente sonoro (%) Tempo total de gravacdo: 12h 56m
Siléncio: 50%° Fala distante: 22% Vocalizacdes infantis: 2676
Barulho: 3%e Fala significativa: | Turnos conversacionais: 840
TV/radio/eletrbnicos: o | 21% Palavras enunciadas por adultos: 16608
4%
1B | E s
15 | L H
B | H =P
|s | s £
B E s s
| g £ £
E 5| E s
J
Mnnnnnu ;:‘— %— [ : z
m.ll.llllllllllll i i ;
Minlllllulllll "; "; R
MIIIIIIIIIIIIII M| -i - .
m“nlu ': f ; d
T, o i
\E o 5
5] H | 3 i
mlllullllll 5 i : ;Z i"
m_llllllllllln B & ]
% mn'lluuuu ; \ f i
% MIIIIHIIIIIE ; | ; —g
% Litidss llllllllll! 5 | :5 ;
2 s B s f
g :E ; s s
= [ B s :
E g 5 s%
|E 8| s Bt
B o s s
2 o s 1
B B B <
B B < 2
iE 5| s s
B | L g
§ 11 q i f
i 18 r 1 s
E Bl E L H
|8 H | H i
]i s & | . g i
= < “E = 8 o= 3 = w ~fis - ¥ v
L}
= é i 5 =
T | ‘[ i i
i 3 g $ =1 H 5

87



25 meses

DevSnap percentil: 86%

Idade no dia da gravacéo:

6 pt

ao: pts

Ponto de desenvolvimento
1

Género: Feminino
Idade de desenvolvimento: 33 meses — desenvolvimento avangado
ao: 1

Nome da crianca: C2

Nome da Mae: XXX

Data de nascimento: 07/2015
DevSnap pontuacéo padr
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Nome da crianca: C3 Género: Feminino

Nome da Mae: XXX

Data de nascimento: 01/2014 Idade no dia da gravacao: 43 meses
Data do implante: 05/2015 Idade auditiva: 27 meses

Relatorio da avaliacao automatica de vocaliza¢io
AVA pontuacdo padréao: 92 pts  AVA percentil: 29%
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Nome da crianca: C3 Género: Feminino

Nome da Mae: XXX

Data de nascimento: 01/2014 Idade no dia da gravacao: 43 meses
Data do implante: 05/2015 ldade auditiva: 27 meses

Areas de avalicao

Ambiente sonoro (%)

Siléncio: 23%° Fala distante: 41%
Barulho: 4%e Fala significativa:
TV/radio/eletrénicos: o | 24%

8%

Tempo total de gravacdo: 11h 38m
Vocalizacdes infantis: 2244

Turnos conversacionais: 648

Palavras enunciadas por adultos: 15888
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Nome da crianca: C3 Género: Feminino

Nome da Mae: XXX

Data de nascimento: 01/2014 Idade no dia da gravacao: 43 meses
Data do implante: 05/2015 Idade auditiva: 27 meses

Ponto de desenvolvimento
Idade de desenvolvimento: 32 meses — desenvolvimento dentro do esperado
DevSnap pontuacgédo padréo: idade > 36 meses  DevSnap percentil: ndo calculado
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Nome da crianca: C4 Género: Feminino
Nome da Mae: XXX
Data de nascimento: 06/2014 Idade no dia da gravacdo: 38 meses
Datadoimplante: _ / /  ldade auditiva: 34 meses

Relatorio da avaliacao automatica de vocaliza¢io
AVA pontuacdo padréo: 114 pts  AVA percentil: 82%
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Nome da crianca: C4 Género: Feminino
Nome da Mae: XXX

Data de nascimento: 06/2014 Idade no dia da gravacdo: 38 meses
Datadoimplante: _ / /  ldade auditiva: 34 meses
Areas de avalicio
Ambiente sonoro (%) Tempo total de gravacao: 14h 29m
Siléncio: 20%° Fala distante: 40% Vocalizagdes infantis: 4565
Barulho: 2%e Fala significativa: | Turnos conversacionais: 852
TV/radio/eletrbnicos:  «| 27% Palavras enunciadas por adultos: 14100
11%
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Nome da crianca: C4

Género: Feminino

Nome da Mae: XXX

Data de nascimento: 06/2014
Datadoimplante: /[

Idade no dia da gravacdo: 38 meses
Idade auditiva: 34 meses

Ponto de desenvolvimento

Idade de desenvolvimento: +36 meses — desenvolvimento dentro do esperado

DevSnap pontuacdo padréo: idade > 36 meses
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Developmental Snapshot

LENA BRASIL
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DevSnap percentil: ndo calculado

......................................

.............

.
2 X 8§ 8 8 8 3 82 e T2 oo =

(syjuow) a8y Jejuawdolaaa

56

4

16 18 20 22 24 26 26 30 32 34 36 38 40 42 44 46 48 50 52

=

=)
......................................

.............. b

—

=

=

..... o

"t T £l

=

el

1

Chronological Age (months)

Snapshot

il

M

GjEgreT===

LENA

it i I

Developmental

Snapshot

Tha LIMA Dervalopaen L
{radh i b
develapmerial progress
ease ched e bau |

Check

i iy findd Mat your chlkd




Nome da crianca: C5 Género: Masculino
Nome da Mae: XXX
Data de nascimento: 08/2014 Idade no dia da gravacao: 41 meses
Datadoimplante: _ / /  ldade auditiva: 23 meses

Relatorio da avaliacao automatica de vocaliza¢io
AVA pontuacdo padrao: 101 pts AVA percentil: 52%
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Nome da crianca: C5
Nome da Mae: XXX

Data de nascimento: 08/2014

Datadoimplante: /[

Género: Masculino

Idade no dia da gravacao: 41 meses
Idade auditiva: 23 meses

Areas de avalicio

Ambiente sonoro (%)

Siléncio: 18%°

Barulho: 5%e
TV/rédio/eletronicos: o
10%

Fala distante: 36%
Fala significativa:
31%

Tempo total de gravacao: 10h 53m
Vocalizagdes infantis: 3528

Turnos conversacionais: 1548

Palavras enunciadas por adultos: 30252
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Nome da crianca: C5

Género: Masculino

Nome da Mae: XXX

Data de nascimento: 08/2014
Datadoimplante: /[

Idade no dia da gravacao: 41 meses
Idade auditiva: 23 meses s

Ponto de desenvolvimento

Idade de desenvolvimento: 30 meses

DevSnap pontuacéo padréo: 87 pts

Anipmytic o pinstion
Grarari

Developmental Snapshot

LENA BRASIL
(5. C5
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DevSnap percentil: 18%
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Nome da crianca: C6 Género: Masculino
Nome da Mae: XXX
Data de nascimento: 11/2015 Idade no dia da gravacao: 21 meses

Relatorio da avaliacao automatica de vocalizacio
AVA pontuagéo padréo: 84 pts  AVA percentil: 14%
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Nome da crianca: C6
Nome da Mae: XXX

Data de nascimento: 11/2015

Género: Masculino

Areas de avalicao

Idade no dia da gravacao: 21 meses

Ambiente sonoro (%)

Tempo total de gravacdo: 15h 14s

Siléncio: 42%-° Fala distante: 34% Vocalizagdes infantis: 2256
Barulho: 4%e Fala significativa: | Turnos conversacionais: 372
TV/radio/eletrbnicos: - | 19% Palavras enunciadas por adultos: 1668
1%
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Idade no dia da gravacao: 21 meses
Ponto de desenvolvimento

Idade de desenvolvimento: 16 meses - desenvolvimento dentro do esperado

Género: Masculino
DevSnap pontuacéo padréo: 83 pts
|
T
[
&

Data de nascimento: 11/2015

Nome da crianca: C6
Nome da Mae: XXX

| m E 3

PR 0 I i A o

some (syjuow) a8y |eatdojouoiy) 0 e

PP Dt e U
1k i T e RO .

85 ¥5 26 05 Bk OF b Zb O BE OF E OC Of 82 OF P2 20 OC 8L OL #L ZL OL 8 9
| f ] | f _7 .—_ T4 3t <1 jou, Pep
e
__ _ _ _*_ . 4 "W
f 1
! -

o Y I B U AU (ARG
} ) PR G
W PYp oA s
o DR 100 O (340N @
Y S m
i §n e e g
] Qi R s
Al Uy O g mog, e
gl
AL
T P B0 .

0 4 0 4 Mol w..&_ %

| { I . 8
T [ | | i T | 7t L @
1 et = e -
T
|

4

| I A
e e T A

s ]l 4 L] s i o b L m..l 00 "4 0 S )
e e, T i SR8 B R SRR R ¥l
..._ U R 1 1 e B B B ﬂ_.

1 b )

e

B nsuneg igonsum
o PD 04 1T )
Tayripes) ) viash s
5 X0 i a1 HiTa

DevSnap percentil: 12%

B L A

5, PP o e

o U 10 dmsa s
LIS [Py

1 T i
ook gy resfiog agy

]
! 5
!
]
|
| L
= =
(syauouw) a8y jejuawdojanaq

yindinf D TFEny
sy g | 5 m i ake sz
ey _H e inad, g
i o ok s ey
aanucenb meydosdde
- o Jogdn
oy T

Arpegpay

I.i_l .................. .,x... £ !
4 W R S VS NS NI U NS SN SUSS S T U S S U U N S T S S S U S S S S N U S S S T

T joysdeus
joysdeug || 1vewdojanag
N3
& 1'%
jJoysdeus |ejuawdolaraq TISv¥E T

L] I — 1y Ty
iy bt e e L=ty it LT

100



Nome da crianca: C7 Género: Masculino
Nome da Mae: XXX
Data de nascimento: 09/2016 Idade no dia da gravacdo: 11 meses

Relatorio da avaliacao automatica de vocalizacio
AVA pontuagéo padrdo: 71 pts  AVA percentil: 2%
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Nome da crianca: C7 Género: Masculino
Nome da Mae: XXX

Data de nascimento: 09/2016 Idade no dia da gravacéo: 11 meses
Areas de avalicdo
Ambiente sonoro (%) Tempo total de gravacdo: 12h 58m
Siléncio: 29%° Fala distante: 48% Vocalizacdes infantis: 660
Barulho: 3%e Fala significativa: | Turnos conversacionais: 372
TV/radio/eletrbnicos: - | 18% Palavras enunciadas por adultos: 9936
2%
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Idade no dia da gravacdo: 11 meses
Ponto de desenvolvimento

Idade de desenvolvimento: 11 meses - desenvolvimento dentro do esperado

DevSnap pontuacéo padr

Género: Masculino

Data de nascimento: 09/2016

Nome da crianca: C7
Nome da Mae: XXX
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Nome da crianca: C8 Género: Feminino

Nome da Mae: XXX

Data de nascimento: 02/2014 Idade no dia da gravacao: 42 meses
Datado implante: _ / [/ Idade auditiva: 12 meses

Relatorio da avaliacao automatica de vocaliza¢io
AVA pontuacdo padrao: 78 pts  AVA percentil: 6%
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Nome da crianca: C8 Género: Feminino
Nome da Mae: XXX

Data de nascimento: 02/2014 Idade no dia da gravacao: 42 meses
Datado implante: _ / [/ Idade auditiva: 12 meses
Areas de avalicdo
Ambiente sonoro (%) Tempo total de gravacao: 13h 23m
Siléncio: 46%-° Fala distante: 31% Vocalizagdes infantis: 636
Barulho: 6%e Fala significativa: | Turnos conversacionais: 180
TV/radio/eletrbnicos: o | 13% Palavras enunciadas por adultos: 10068
4%
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Nome da crianca: C8

Género: Feminino

Nome da Mae: XXX

Data de nascimento: 02/2014
Datado implante: _ / [/

Idade no dia da gravacao: 42 meses
Idade auditiva: 12 meses

Ponto de desenvolvimento

Idade de desenvolvimento: 6 meses — risco de atraso no desenvolvimento

DevSnap pontuacdo padréo: idade > 36 meses
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Nome da crianca: C9 Género: Male
Nome da Mae: XXX
Data de nascimento: 11/2015 Idade no dia da gravacao: 21 meses

Relatorio da avaliacao automatica de vocalizacao
AVA pontuacao padrdo: 90 pts ~ AVA percentil: 25%
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Nome da crianca: C9 Género: Male
Nome da Mae: XXX

Data de nascimento: 11/2015 Idade no dia da gravacao: 21 meses
Areas de avalicdo
Ambiente sonoro (%) Tempo total de gravacdo: 13h 01m
Siléncio: 32%° Fala distante: 41% Vocalizacdes infantis: 1944
Barulho: 3%e Fala significativa: | Turnos conversacionais: 372
TV/radio/eletrbnicos: o | 22% Palavras enunciadas por adultos: 6876
2%
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Idade no dia da gravacao: 21 meses
Ponto de desenvolvimento

Idade de desenvolvimento: 16 meses — desenvolvimento dentro do esperado

Género: Male
DevSnap pontuacéo padréo: 80 pts

Data de nascimento: 11/2015

Nome da crianca: C9
Nome da Mae: XXX
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Nome da crianca: C10 Género: Masculino

Nome da Méae: XXX
Data de nascimento: 01/2016
Datadoimplante: /[

Relatorio da avaliacao automatica de vocaliza¢io

AVA pontuacdo padréo: 87 pts  AVA percentil: 18%

Idade no dia da gravacdo: 19 meses
Idade auditiva: 13 meses
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Nome da crianca: C10 Género: Masculino
Nome da Mae: XXX

Data de nascimento: 01/2016 Idade no dia da gravacdo: 19 meses
Datadoimplante: _ / /  ldade auditiva: 13 meses
Areas de avalicdo
Ambiente sonoro (%) Tempo total de gravacao: 11h 03m
Siléncio: 20%° Fala distante: 42% Vocalizagdes infantis: 1752
Barulho: 4%e Fala significativa: | Turnos conversacionais: 564
TV/radio/eletrbnicos: o | 24% Palavras enunciadas por adultos: 22176
10%
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Nome da crianca: C10
Nome da Mae: XXX
Data de nascimento: 01/2016
Datadoimplante: /[

Género: Masculino

Idade no dia da gravacdo: 19 meses
Idade auditiva: 13 meses

Ponto de desenvolvimento
Idade de desenvolvimento: 17 meses - desenvolvimento dentro do esperado
DevSnap pontuacéo padréo: 93pts DevSnap percentil: 32%
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Nome da crianca: C11 Género: Feminino
Nome da Mae: XXX

Data de nascimento: 01/2016 Idade no dia da gravacdo: 19 meses
Relatorio da avaliacao automatica de vocalizacio

AVA pontuagéo padréo: 92 pts  AVA percentil: 28%
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Nome da crianca: C11 Género: Feminino
Nome da Mae: XXX

Data de nascimento: 01/2016 Idade no dia da gravacdo: 19 meses
Areas de avalicio
Ambiente sonoro (%) Tempo total de gravacdo: 13h 00m
Siléncio: 54%° Fala distante: 19% Vocalizagdes infantis: 1068
Barulho: 3%e Fala significativa: | Turnos conversacionais: 240
TV/radio/eletrbnicos: o 13% Palavras enunciadas por adultos: 7152
11%
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Género: Feminino

Nome da crianca: C11
Nome da Mae: XXX

Data de nascimento: 01/2016

Idade no dia da gravacdo: 19 meses

mento

Ponto de desenvolvi

Idade de desenvolvimento: 11 meses — risco de atraso no desenvolvimento

DevSnap pontuacéo padréo: 74pts

DevSnap percentil: 4%
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Nome da crianca: C12 Género: Feminino
Nome da Mae: XXX
Data de nascimento: 01/2016 Idade no dia da gravacdo: 19 meses

Relatorio da avaliacao automatica de vocalizacao
AVA pontuacdo padréo: 114 pts  AVA percentil: 82%
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Nome da crianca: C12 Género: Feminino
Nome da Mae: XXX

Data de nascimento: 01/2016 Idade no dia da gravacdo: 19 meses
Areas de avalicao
Ambiente sonoro (%) Tempo total de gravacdo: 12h 49m
Siléncio: 46%° Fala distante: 18% Vocalizacdes infantis: 1728
Barulho: 2%e Fala significativa: | Turnos conversacionais: 396
TV/radio/eletrbnicos: < 16% Palavras enunciadas por adultos: 10392
18%
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Género: Feminino

Nome da crianca: C12
Nome da Mae: XXX

Data de nascimento: 01/2016

Idade no dia da gravacdo: 19 meses

Ponto de desenvolvimento

Idade de desenvolvimento: 11 meses — risco de atraso no desenvolvimento

DevSnap pontuacéo padréo: 74 pts
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Nome da crianca: C13 Género: Masculino
Nome dos pais: XXX
Data de nascimento: 12/2015 Idade no dia da gravacao: 20 meses
Datadoimplante: _ / /  ldade auditiva: 4 meses

Relatorio da avaliacao automatica de vocaliza¢io
AVA pontuacdo padrao: 67 pts  AVA percentil: 1%
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Nome da crianca: C13
Nome dos pais: XXX

Data de nascimento: 12/2015
Datadoimplante: /[

Género: Masculino

Idade no dia da gravacao: 20 meses
Idade auditiva: 4 meses

Areas de avali¢éo

Ambiente sonoro (%)

Siléncio: 23%°
Barulho: 7%e

Fala distante: 39%
Fala significativa:

TV/rédio/eletronicos: | 14%

17%

Tempo total de gravacao: 13h 35m
Vocalizagdes infantis: 852

Turnos conversacionais: 204

Palavras enunciadas por adultos: 10848
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Nome da crianca: C13 Género: Masculino
Nome dos pais: XXX

Data de nascimento: 12/2015 Idade no dia da gravacao: 20 meses
Datado implante: __ / / Idade auditiva: 4 meses

Ponto de desenvolvimento
Idade de desenvolvimento: 14 meses — risco de atraso no desenvolvimento
DevSnap pontuacédo padréo: 81 pts DevSnap percentil: 10%
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Nome da crianca: C15 Género: Masculino
Nome da Mae: XX
Data de nascimento: 03/2015 Idade no dia da gravacao: 29 meses

Relatorio da avaliacao automatica de vocalizacio

AVA pontuagéo padrédo: 67 pts  AVA percentil: 1%
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Nome da crianca: C15 Género: Masculino
Nome da Mae: XX

Data de nascimento: 03/2015 Idade no dia da gravacéo: 29 meses
Areas de avalicdo
Ambiente sonoro (%) Tempo total de gravacdo: 11h 43m
Siléncio: 55%° Fala distante: 19% Vocalizacdes infantis: 4128
Barulho: 2%e Fala significativa: | Turnos conversacionais: 1248
TV/radio/eletrbnicos: o | 23% Palavras enunciadas por adultos: 15864
1%
|
i | |
|
!
3

—
fam Tom Hom Sam 1Wem 1gm, Wam | u

m tem Qe Tom dpn Sem wym Tom Som bsm 1pm Viemiiem iul

£
£
£
3
£
£
5
£ £
£ g 15
, g £ o>
] | : .
£ & £
| £ £ 5
B s s s
{5 : : s
.f § § 5
B : : [
; ,E £ § EF
£ s 8 s EE
@ S 3 3 L
S s s s s
a s s : £
g EI E‘ £ S
= A s s C
ol s 3 § 5|
| ! = e o =
m—— B £ b £
| 1} s * g 5
|| 1 i I8 [ =
£ £ E &
| 111! 4 |
£ £ £
g | g
i il 3
£} £ £
AR i o
4 £ £
s [ BERRN 18k
£ £ g
] TR 3 M B i
! £l H | 3
11 s E s
11113
i £ i
L | i
i H' 5| i?’ £l
>  brrare = = ) = !
; = e s 3 =8 = ] = z = = . 1 g
if
= M 28 L
Fe ] :
= 2 = E 3
!5.:_: 3 ol
L=

123



Idade no dia da gravacao: 29 meses
DevSnap percentil: 93%

Ponto de desenvolvimento

Idade de desenvolvimento: +36 meses — desenvolvimento avangado

DevSnap pontuacéo padr

23 pt

ao: pts

Género: Masculino
1

Data de nascimento: 03/2015

Nome da crianca: C15
Nome da Mae: XX

b0 | g

TR TR T

aivn (syjuow) a8y |ea18ojouoiy) g

PR S ey
Jad joul vy i im0y @

95 ¥5 &5 05 8¢ 9 ¥ ¢ OF
5 1 B i B 7l S Ay,

8 BE ¥E ¢ OE 82 82 ¥C ¢ 02 8L 9L kL &L 0L 8 9
| {41 I I F-t

=t _. +

F g

r—red

|
B

|
i B Bl bkl bl G et et

fals o T S - —

..._

N. W

B BHU TRy

B PR AR

T i e SSaaun
it WD Y0 D) 100N #
SR S 0 uo
et ey e o A
Y R PR R
SR TRy P RO
ML
| 8 g R e
gy iy g B w

|
|

. vl BT S
|

[
LEER il dl

or
i
th

i e P

"N AL

By suoussp A um
¥ P Shod 10 0 g
Bupoipin wontash pes
10 WO Y DD FEH

i pr vk
g med

o] Um0 daas sus
Fatie e L]

3 YHT1 RG 5 epe
mod. e el s

i D .
el & alle g uslodpaay
Py ._ 1, e o
i ar iod sl ing
miyruunyank e ekl
ol e 3 Josgidvus
VIR YHTY S

i R i
— | oysdeus || 1esudoiareg
WN3T

- 513613

joysdeus |ejusidojaraq 5w VI

= pemaymng ey g
ienisj sl il copbiiriey niseee (g i it i)

SO/t
hapurg

(syjuow) a8y jejuawdojaaaq

124



Appendix IX — Article

Pre-validation of the LENA system for Brazilian Portuguese in the homes of toddlers with
normal hearing and comparison of the language environment in children with hearing

impairment
Miriam Ferreiral, Cilmara Levy?, Ulrika Lofkvist! 2

1. Department of Special Needs Education, University of Oslo. Postbox 1140, Blindern
0318, Oslo, Norway

2. Department of Audiology and Speech Pathology, Santa Casa Hospital. Rua Apinajés,
1818, S&o Paulo, SP — Brazil 1258000

3. Department of CLINTEC, Karolinska Institutet, Cochlear Implant Section, Huddinge,
M43, 141 86, Stockholm, Sweden

*Corresponding to:

Ulrika Lofkvist

Department of Special Needs Education
University of Oslo

Postbox 1140, Blindern 0318, Oslo, Norway
E-mail: ulrika.lofkvist@isp.uio.no

Tel: +4722859165

The authors have no conflicts of interest to declare with regard to this paper.

125


mailto:ulrika.lofkvist@isp.uio.no

Pre-validation of the LENA system for Brazilian Portuguese in the homes of toddlers
with normal hearing and comparison of the language environment in children with

hearing impairment

126



Abstract

Objective: The purpose of the present study was to pre-validate the Language Environment Analysis
(LENA) system (www.lena.org) for Brazilian Portuguese (BP).The pre-validation process consisted of
the investigation of the language and audio environment of Brazilian families of children with normal
hearing (NH). Another aim was to compare their results to a sample of age-matched children with
hearing impairment (HI). Methods: The LENA system was the speech streaming technology used for
segmenting the sounds recorded in the home environment of the participating families. A pre-
validation study was devised for verifying the accuracy of the LENA automated counts to the manual
transcriptions done by two linguists in BP. The relationship between children language development
and the automated measure of adult words (AW) and child vocalizations (CV) was investigated. A
comparative cohort study including a correlation analysis of the language and audio environment of
children with HI and children with NH were conducted. Results: Moderate to strong interrater
agreement was found for CV and AW. Weak to moderate agreement was found between the LENA
automated results and the means of the human counts for the same variables. The LENA system
tended to overestimate human counts for AW and underestimate it for CV. Comparative analysis
suggested similarities on the language and listening environment of the two groups (normal hearing vs
HI). The audio environment of the two groups of children differed only in relation to their exposure of
silence (Md= 37%, U= 8, p=.04) and noise (Md= 4%, U= 42, p=.03) in their home environment.
Children with NH spent more time in silence and children with HI spent more time in noisy
environments. Children’s language development was supported by parent-child interaction. Earlier age
of 1% fitting of HA/CI influenced positively on the language development of children with HI.
Conclusion: The LENA system was sensitive to BP. Therefore, it should be used in Brazilian settings.

The implications for use of the LENA system in Brazilian clinical settings were discussed.

Keywords: LENA system, hearing impairment, language development, natural environment,

validation
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1. Introduction

The Language Environment Analysis (LENA) system [12] is an advanced speech streaming
technology, which provides metrics on the language and audio environment of children aged
between 0 and 48 months. Although its normative data is for American English, a number of
studies have been conducted to validate the LENA system in other languages [2, 3, 4, 6, 8, 14,
15, 17]. This study is so far the first to use the LENA system in BP speaking settings.

Pre-validating the LENA system for BP is of scientific and clinical importance for three
reasons. First, it could be deemed as a reliable tool for data collection which respects the
ecological validity of the linguistic environment. Second, it would provide understanding of
the characteristics of natural language and audio environment of Brazilian families. Last, a
validated LENA method could be used as key component of family-centered programs for
accelerating language development of at-risk children in Brazilian settings, e.g. children with

hearing impairment.
1.1. The LENA™™system

As an advanced speech streaming technology, the LENA system is known for being a non-
invasive instrument for data collection. This unique system enables the researcher to collect a
large amount of high-quality audio recordings collected in a naturalistic fashion. It is also
known for facilitating the data analysis because all of the recordings are processed within a
matter of minutes by the LENA software for analyzing linguistic and acoustic information.
Therefore, the LENA system allows scholars to conduct large-scale research and to collect
12-16-hour long naturalistic samples of linguistic and auditory information in younger

children’s home environment.

The LENA System is composed by a recorder and an advanced software, developed to
measure and analyze the recordings of the spoken language used in the home environment of
younger children. This software relies on statistical algorithms that turn voice and sound
recordings into measurable data. The basic LENA measures are numbers of Adult Words
(AW), parent-child conversational turns (CT) and child vocalizations (CV), uttered per hour.
LENA also measures children’s expressive language development with the Automated
Vocalization Assessment (AVA). In addition, the software identifies the characteristics of the

audio environment, which is measured in percentage of silence, electronic sounds (TV, IPad),
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meaningful language (spoken language presented on close distance to the key child) and
distant language (spoken language on distance or overlap of speech). The recordings are

usually done during a whole day, in all-day recordings for about 12-16 hours.

The LENA system has three main purposes. The first one is to evaluate the listening and
language development of children in their everyday environment. Second, LENA results can
demonstrate the importance of early language input for parents by tracking the amount of talk
and interaction between i.e. parents and their children [3]. Last, this system is used with a
purpose of contributing to the development of family-centered intervention programs aiming

to enhancing parent-child daily close interaction.
1.2.  Previous LENA studies

A number of studies have focused on validating the LENA system to other languages besides
AE, i.e. Spanish, French, Italian, Vietnamese, Korean, Chinese, and Swedish [2, 3, 4, 6, 8, 14,
15, 17]. A common concern among these scholars was whether this automated, algorithm-
driven system was sensitive to differences in geographically, linguistically and culturally
diverse environments. For this reason, it was argued the LENA system is not language
dependent because it measures speech segmentation of the audio stream by identifying the
sound sources [8].

The existing validation studies tested the accuracy of the LENA system on three measures,
namely the number of AW, CV and CT. A correlational analysis between the automated and
the human counts was conducted on each of these studies. In the French study, Canault et al.
[3] observed a significant correlation for AW (rs=.64, p<.001) and CV (rs=.71, p<.001). A
strong correlation in CT (r=.72, p< .001) and AWC (r= .73, p< .001) was found in the
validation study for Chinese [6]. Ganek & Eriks-Brophy [6] validated the LENA system for
Vietnamese. Statistical analysis showed a strong correlation in CT (rs (18) = .70, p<.001) and
no significant difference between the human and the automated counts (U= 143, p=.12).

A pilot study conducted by Pae et al. [15] verified the validity of the LENA system for
Korean. LENA and human estimates on AW and CV were significantly correlated at baseline
(r=.72, p=<.001 and r= .67, p=.001, respectively). The purpose of the pilot study conducted
by Schwarz et al. [17] was to evaluate the reliability of the LENA system for Swedish.

Pearson's correlations coefficient indicated high interrater reliability for AW (r= .95, p<.01)
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and moderate correlation with LENA AW (r= .67, p< .05). These findings suggested that the
reliability of the data would strengthen with a greater volume of data. For this reason, Canault
et al. [3] and Ganek & Eriks-Brophy [6] suggested that no large samples were needed for
validating the LENA system based on measures of AW, CV, and CT.

Other relevant results were also observed in the previous validation studies of the LENA
system to other languages than AE. Gilkerson et al. [8] observed that the LENA system
sometimes mixed up the voice of the mothers with the key child. This was mainly explained
by the rise in pitch associated with motherese voice, although the system was sensitive
enough in identifying adult and child voice patterns. Contrary to the French validation study
[3], noise-related factors such as overlapping speech, whining noises, and noise in the
environment did affect the LENA automated counts both on the Vietnamese and on the
Korean study [6, 15].

1.3.  The LENA™ system in clinical settings

Two validating studies investigated the feasibility of the LENA system in Italian and Spanish-
speaking households of children with HI [2, 4]. Da Prato [4] compared the listening and
language environment in Italian-speaking households of children with NH and in children
with HI. The analysis of the LENA 12-projections on AW, CV, and CT indicated an
association between hearing and linguistic stimulation measured with LENA and the
children’s spoken language development [4]. Her results were in line with similar results for

American children in a comparative study by Aragon and Yoshinaga-Itano [2].

Aragon and Yoshinaga-Itano [2] compared the LENA results for children in English-speaking
households and in a cohort of children from Spanish-speaking households with children who
either had HI or who were NH (four groups; English-speaking with HI, English-speaking with
NH, Spanish-speaking with HI and Spanish-speaking with NH). Research results indicated a
relationship between the HI and NH groups, regardless of their linguistic background. As a
matter of fact, all children with HI were more exposed to more AW than the English- and
Spanish-speaking controls. The number of CT for children with HI was also comparable to
the results for English-speaking controls with NH. However, Spanish-speaking children with
HI produced fewer vocalizations than the Spanish-speaking controls with NH. Aragon and
Yoshinaga-Itano [2] concluded that children with HI need a higher amount of language input

to develop spoken language levels comparable to NH peers.
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LENA results (CV, AW, and CT measures) has previously been associated to the socio-
economic status level (SES) of families [2, 14, 18, 20, 21]. It has also been suggested that an
increased amount of parental-directed speech to infants of families of lower SES level could
boost the children’s e.g. vocabulary outcomes and real-time language processing skills [18]. It
is important to have a cohort representative of the whole population in order to achieve more
valid results. In the Swedish pre-validation study, there were 25 % of the parents (aged 25-44)
who hold a high school diploma whereas the distribution based on the Census 2012 was
52.5% in the sample [14].

1.4.  Children with hearing impairment in Brazil

Brazilian National Health Research [16] has estimated that 0.2% of the population are born
deaf. In addition, an unknown number of children acquire hearing loss early in life. For this
reason, the early diagnose of HI in Brazilian infants is of paramount importance. Due to the
implementation of the Federal Law # 12,303 of August 2010, it is now possible to screen
Brazilian children for HI after birth. The text of this law demanded that every hospital and
maternity clinic should offer the otoacoustic emissions test (OAE) to every family of a
newborn. The rehabilitation services is provided by the public health services through the
Neonatal Auditory Screening Program. Although individuals with severe levels of HI
represented 20.6% of the population, only 8.4% of the total population with HI received

rehabilitation services [16].

The Early Hearing Detection and Intervention (EHDI) guidelines suggest that children should
have their hearing screening by 1 month of age, diagnosis of hearing loss by 3 months and
intervention actions no later than at 6 months at age [11, 13]. The Neonatal Auditory
Screening Program in Sao Paulo, Brazil, aim to follow these guidelines. Following the EHDI
guidelines would potentially minimize the impact of the HI on children’s language
development [5, 19, 22]. If the LENA system would be validated in BP and implemented in
the clinical settings it could be a useful tool for more objective evaluation of the early
language and audio environment of families to children with HI. In addition, LENA
recordings could be used to support these families with new strategies for stimulating their
child’s listening and language development from a very early age. Thereby, in combination
with hearing technology it could minimize the impact of the hearing impairment on their early

and later spoken language outcomes.
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1.5.  Research hypothesis and objectives

Based on the evidence from previous research, it was hypothesized in this study that (1) the
LENA system would be sensitive to measure speech segments of BP regardless of diverse
linguistic and cultural characteristics observed among of Brazilian families [8], and (2) that
children with HI need more child-directed language input than age-matched peers with NH in

order to achieve better language abilities.

The objectives of this study were threefold. The first objective was to pre-validate the LENA
system to BP by investigating the listening and language environment of children with NH
with focus on the number of AW and CV. The second aim was to compare the language and
audio environment of children with NH in comparison to children with HI. The third
objective was to correlate the environmental variables to children’s general language
performance, measured with a parent questionnaire and an automatic assessment of speech
ability. Demographic factors like the level of parental education was also examined in relation

to the children’s language abilities.

2. Materials and Methods

This research project is part of a larger research project that evaluates the listening and
language environment in children with HI in different linguistic contexts, which is called
Words Make a Difference (Karolinska Institutet & University of Oslo). The present research
was developed in cooperation with the University of Oslo, Norway, and the Santa Casa
Hospital-SP, Brazil.

2.1. Participants

The inclusion criteria for participation was that all children must be a monolingual speaker of
BP. The exclusion criteria was that none of the children had a known neurodevelopmental
diagnose or multi-handicap. The families of children with HI were recruited from the case-
load and network from two different centers for Speech-Language-Pathology (SLP) and
Audiology in Sdo Paulo, Brazil, namely the Santa Casa Hospital and the Centro Especializado
Paulista. The families of children with NH were recruited from the network of professionals
working at the centers. Twelve families were asked to participate and all of them volunteered
in participating in this study, resulting in fifteen children (including two twin pairs and two

brothers). All families lived either in the city of S&o Paulo or in the Metro area. They were all
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monolingual speakers of BP. The sample was relatively homogeneous regarding their SES
level (parent education level). Seventy-nine percent of the participating parents had a college

degree.

There were seven children with NH aged between 11 to 29-months (M= 21 mo, SD= 6 mo)
who participated in the study (table 1). Among these children, there were two sets of twins,
being one set of twin boys and one set of twin girls. Another eight children with moderate to
profound HI, aged between 20 to 43-month-old (M= 34 mo, SD=10 mo) comprised the
clinical group (table 2). The causes of HI varied. In the sample, there was one case with
congenital CMV infection, two cases with genetic causes (siblings), one who were preterm,
one case of Waardenburg syndrome, and two cases of unknown cause. Due to diverse causes
of HI, only two of these children were identified as HI at birth, but all of them had been fitted
with hearing technology at the time of data collection (one Cls, four HA+CI, and one HAS).
Their hearing age ranged from 4 to 34-months (M= 17 mo, SD= 11 mo). Brazilian Portuguese
was the primary language of communication for both groups (NH and HI). However, two of

the children with HI also knew and used some Brazilian sign language.

At the time of the recording, one family faced some difficulties in handling the Digital
Language Processor (DLP), a recording device. Consequently, only two hours of their day
were recorded. Due to incomplete recording, that child with HI had to be excluded from the

research after the recording had been processed by the LENA software.
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Table 18: Table of demographics, children with NH (n=7)

Table of demographics
Age Parental
ID | Gender (Mor%ths) education
C2 F 25 College
C6 M 21 College
C7 M 11 College
C9 F 21 College
Cl1 F 19 College
C12 F 19 College
C15 M 29 College
Mean 21
Median 21
SD 6
Min-max 11-29

Note: Child age as of the recording day (28-31 August 2017). The level of parental education is a combination
of both mother and father level of education. As of the control group, all of the participating parents had a
college degree.

Table 19: Table of demographics, children with HI (n=7)

Table of demographics
ID | Gender Age Hearing | Hearing Degree of Cause of Parental
(Months) Age | Technology HL HL education
CmMV
C1 M 37 8 Cl Profound infection College
C3 F 43 27 HA+CI Profound Unknown High
School
C4 M 38 34 HA Moderate Preterm College
C5 F 41 23 Moderate Genetic College
C8 F 42 12 HA+CI Profound Unknown College
OCl M 19 13 Moderate Genetic College
¢l M 20 4 HA+CI Profound | /aadenburg High
3 syndrome School
Mean 34 17
Median 38 13
SD 10 11
Min-max 19-43 4-34

Note: Child age as of the recording day (28-31 August 2017). The level of parental education is a combination
of both mother and father level of education. As of the clinical group, the participating parents had either a
combination of college degree or a combination of high school diploma.

2.2.  LENA technology

The LENA system consist of an advanced software that is used for analyzing linguistic
information (PC compatible), and of special clothing (vests or t-shirts) that are used for

placement of the DLP. The DLP is a small recording device, which is able to capture up to 16
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hours of a child’s natural audio and language environment. The LENA software analyzes the
audio file and organizes the data into different composite views. The data was sorted by the
number of CV, AW, CT, and AE characteristics, such as the amount of exposure to silence,
noise, screen time (TV, Ipad), meaningful speech (speech presented close to the key child)
and distant speech (speech heard from longer distances from the key child or overlapping
speech) (www.lena.org). The AV A is an automatic measurement of the children’s expressive
language ability (type of consonant and vowel use) that is screened and compared with
American norms (0-48 months) [12].

In addition to the LENA recording, the participating families were asked to complete the
translated developmental snapshot (DevSnap) (from AE to BP), the Words Make a Difference
(WMD) demographic background form and a LENA activity log (diary from the recording
day). The DevSnap was developed as part of the LENA method and is a parental checklist
designed for assessing children’s general language abilities at the time of recording [12]. It
measures the development of children up to 36 months of age. The WMD is a form that yields
demographic information about the child health condition and the SES level of the family.
The LENA activity log allows parents to keep a record of the activities the key child was
involved in throughout the recording day, hour by hour, if they were in- or outside and who

was nearby in the environment together with the key child.

2.3. Data collection in Brazil

Parents were first personally informed by a local clinician before the study about the study
and received written information. Thereafter a meeting with interested families was arranged
at the clinic with the Brazilian test administrator (an experienced teacher and linguist, from
University of Oslo). All the recruited families decided to participate in the study and were
asked to sign a letter of informed consent. After that, they also completed the DevSnap and
the WMD form together with the test administrator (an experienced teacher and linguist).
Then, parents received a DLP and a special vest for placing the DLP in and they were taught
in how to operate the recording device. An activity log was also given to each family. Each
family was given the chance to ask questions about the study, of adding comments about their
child's development, and of practicing using the DLP. The families were informed that they
could withdraw from the study at any time and that their data would be deleted if they already

had done the recording.
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The recordings were completed on the next-coming weekend after the meeting with the
parents. The participating families were requested to follow their regular routine during the
day. The key child had the DLP placed in the pocket of the vest designed by the LENA
Foundation. Parents were instructed not to pause the recording, but to place the vest close to
the child during bath and nap time. Each participant was recorded for 12 consecutive hours on
average. A total of 176 hours of recordings were collected (M= 12:47, SD= 1:12, 10:53-
15:14) from 14 participants. The recordings were transported to Norway and then transferred
and analyzed at a dedicated computer with LENA Pro, at the Oslo Assessment Intervention &
Learning Lab (OAILL), Department of Special Needs Education, University of Oslo,

Norway.

2.4. Pre-validating study

A pre-validating study was initially conducted with the objective of testing the reliability of
the LENA system in BP by comparing the computer-generated estimates to the human counts.
For this reason, a 15-minute sample of the recording for each child with NH (n=7). The
disclosure of the content in the recordings would allow the researchers to manually do blinded
human transcripts of the variable counts (CV and AW) and then check them against the
automated count done by the LENA software. Two linguists in BP transcribed the data
following the same coding protocol for human coders of BP. The BP protocol was adapted by
the main author (MF) in similar ways as the one created to conduct the LENA validation for
European French [3]. The percentage of matching between human transcripts and LENA
results and a correlation analysis measuring the reliability between the means of the average
of the two raters and the LENA automated estimates of CV and AW.

The 15 min samples were initially selected based on the analysis of the LENA composite
view (hourly). One of the authors (UL) identified the hour, when the software indicated that
there were the highest numbers of CT during the day. It was then necessary to identify and
select the 5-min region which had the highest CT within that hour as indicated by the LENA
composite view — 5-minute. Then, the two subsequent 5-min regions were selected, regardless
of the number of CT, in similar way as in the LENA norm study (AE) [7].
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2.5.

Results of the pre-validating study

The average agreement between raters was measured and compared to LENA automated

estimates for AW (84%) and CV (66%). Pearson’s correlation analysis generated strong,

positive correlation between these variables for both AW and CV (r=.936 and r=.932, n=7,

p=.002). Overall, there was a strong, positive correlation between the LENA automated

estimates and the human counts. Increases in the sample size would generate a stronger

correlation between the automated and the human counts.

Table 20: Interrater agreement based on AW and CV, control group (n=7)

Interrater percentage of matching
AW CcVv

Gende | Chronologic | HUMa | ) ena - | words | Huma o eNa | words .

1D r al age n . . Matchin n . X Matchin
Y estimate | Differenc estimate | Differenc
averag s ea g% averag s ea g%
e e
C2 F 25 596 655 -59 91 342 150 192 44
C6 M 21 624 700 -76 89 142 58 84 41
Cc7 M 11| 1033 1021 12 99 46 49 -3 94
C9 M 21 835 1054 -219 79 81 50 31 62
Ci F 19 341 372 -31 92 89 86 3 97
C; F 19 486 640 -154 76 45 67 -22 67
Cé M 29 349 557 -208 63 399 237 162 60
M 21 610 714 -104 84 163 99,5 64 66
. 341- 372-

Min-Max 1929 1033 1054 12219 639905399 49237 3192 4107
SD 5 254 245 83 11 146 70 78 20

Note: Percentage of matching between the means of the human raters and the LENA estimates. Human average
represents the mean counts of the manual transcriptions done by two rates. The negative results suggested that
the LENA counts overestimated the human ones.
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Figure 7: Correlational analysis between child age and CV, CT, and AW (NH)
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Figure 8: Correlational analysis between child age and CV, CT, and AW (NH)

2.6. Statistical analysis

An analysis of the language environment of children with HI in comparison to the group of
children with NH was conducted. This analysis was based on the estimates the LENA system
provided for the variables presented. The Mann-Whitney U nonparametric test was used to
compare the medians between these two groups with the purpose to identify any significant

differences between them.

Paired sample t-test was used for calculating the possible differences in the amount of
exposure to female (FAN) and male (MAN) words to which children were exposed during the
recording. A Spearman’s rank analysis investigated if an increase in numbers of LENA results
(CV, CT and AW) correlated with an increase in child age (chronological, hearing, and

developmental).
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2.7. Ethical issues that were discussed and taken into consideration

This research received the approval from the Committee on Ethics in Research of the Santa
Casa Hospital in Séo Paulo® (nbr 2.216.543) and the Norwegian Regional Committees for
Medical and Health Research Ethics® (nbr 2016/2235) prior to its commence. After we had
received the approval from both committees, families were recruited and informed about the
purpose of this study and the terms of taking part of it. These families were aware that their
participation was voluntary and that they could withdraw from participating in the research

study, at any time.

Those families who chose to take part in the study were also asked to sign an informed
consent. In the consent, it was guaranteed to decode personal information and to keep the
code list separated from the data files. It was guaranteed that all the collected data, including
the recordings, would be deleted upon the final completion of the study or upon their request.

Thus, protecting their personal data, integrity, and privacy.

After the finalizing of the LENA analyzes, the participating families received one-to-one
feedback from the researchers in the local clinics in Sao Paulo. The feedback regarded the
individual patterns of their child’s language and listening environment. It was also given
suggestions on how parents could stimulate their child’s listening and language environment

and development even more.

3. Results

3.1. Comparative pilot study

3.1.1. Language environment

The total recording time of the participating children varied between 10 hours 53 minutes and
15 hours 14 minutes (M= 12:47). For this reason, the total number of CV, CT, and AW
needed to be evenly distributed within the period of 12 hours, as in Nilsson and Olsson
(2015). Descriptive results for the total recording time, chronological age of each child, and

& Comité de Etica em Pesquisa em Seres Humanos — Santa Casa Hospital, S3o Paulo
(http://www.santacasasp.org.br/portal/site/administracao/gerencias/comissoesmedicas/pub/2579/comite-de-etica-
em-pesquisa-em-seres-humanos)

% Regionale Komiteer for Medisinsk og Helsefaglig Forskningsetikk (https://helseforskning.etikkom.no/)
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the number of CV, CT, AW, MAN and FAN words measured by the LENA system is

presented in table 4 and 5.

Table 21: The LENA estimates for CV, CT, AW, FAN and MAN words, control group (n=7)

Total
ID/NH rei?rr;j;ng C. age 1CZY1 1(:2-[] 'i‘;/r\]/ FAN Word MAN Word
c2 12:56 25 2676 840 16608 16331 4374
C6 15:14 21 2256 372 9936 11080 1537
c7 12:58 11 660 300 19476 14658 6398
C9 13:01 21 1944 372 6876 9832 2407
Cl11 13:00 19 1068 240 7152 5861 1889
C12 12:49 19 1728 396 10392 8723 2380
C15 11:43 29 4128 1248 15864 9500 6903
M 13:05 21 2066 538 12329 10855 3698
Min-Max 11:43-15:14 11-29 660-4128 240-1248  6876-19476  5861-16331 1537-6903
SD 01:02 6 1137 369 4965 3579 2212

Note: the total number of CV, CT, and AW estimated by the LENA system as recorded were averaged to the total
of 12 hours [14].

Table 22: Total number of CV, CT, and AW divided by 12 hours for each child with HI (n=7)

Total

ID/HI re(;ciJrrT:jeing C. age 1Cz\r/1 1CZ-IP—1 'i‘;’r\]/ FAN Word MAN Word
C1 12:27 37 384 144 13668 7541 6644
C3 11:38 43 2244 648 15888 11348 5967
C4 14:29 38 4565 852 14100 11710 5311
Cc5 10:53 41 3528 1548 30252 20733 6709
C8 13:23 42 636 180 10068 8224 3820
C10 11:03 19 1752 564 22176 14926 3741
C13 13:35 20 852 204 10848 7898 5899
M 12:29 34 1994 591 16714 11769 5442
Min-Max 10:53-14:29 19-43 384-4565 144-1548 10068-30252  7541-20733 3741-6709
SD 1:22 10 1572 501 7170 4759 1230

Results from a Mann-Whitney U test showed no significant differences between groups

regarding the characteristics of their language environment (Cf. table 4 and 5). This mean that
the amount of CV (Md= 1848, U=21, p=.71), CT (Md= 384, U= 23, p=.90), AW (Md=
13884, U= 34, p=.25), FAN (Md= 10456, U=26, p=.90) and MAN (Md= 4843, U=35, p=

.20) words were similar in the two groups, regardless of the children’s hearing condition.

No significant differences between male and female participants were found in the medians
for CV (Md= 1848, U= 26, p=.86), CT (Md= 384, U= 26, p=.86), AW (Md= 13884, U= 19,
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p=.57), FAN (Md= 10456, U=21, p=.75), and MAN (Md= 4843, U=15, p=.28), regardless
of their hearing condition (n= 14).

Figure 9: Comparative analysis of the language environment of male and female participants regardless of their
hearing condition (n= 14)
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Note: Distribution of the CV, CT, AW, FAN, and MAN words by child gender (8 male and 6 female). No

significant difference was observed between male and female participants among these variables.

Paired samples tests suggested that children with NH were significantly more exposed to
FAN words (M=10855, SD= 3579) than to MAN words (M=3968, SD=2212); t (6) = 5.9, p=
.001. Significant difference in means was also observed among children with HI. They were
also significantly more exposed to FAN words (M= 11769, SD= 4759) than to MAN words
(M=5442, SD=1230); t (6) = 3.5, p=.013 (Cf. figure XX, p. XX). Such results confirmed the
hypothesis that mothers or female caregivers talk more close to their child than fathers or

male caregivers do [8].
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Figure 10: Comparative analysis between female and male voice counts directed to children with NH (n=7) and
to children with HI (n=7)
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Note: No significant difference was observed between subgroups regarding their exposure to MAN and FAN
words. However, significant difference was observed on the number of FAN words were significantly higher
than the number of MAN words directed to children, regardless of their hearing condition.

3.1.2. LENA language assessment tools

Tables # and # show the results for the DevSnap and AV A scores of the 14 participating
children (NH=7 and HI=7). Great variability was observed on the level of language ability
among children regardless of their hearing condition. Among the participants with NH, two of
them were reported to be at-risk of experiencing language delay both on the results on
DevSnap and on AV A scores (C7, C11, and C12). Furthermore, one of the participating
children could not have the developmental age calculated due to higher chronological age
than the DevSnap norms for AE (C15).

The group of children with HI was heterogeneous and varied with regards to their observed
chronological-, hearing-, and developmental ages. Child four (C4) with HI could not have her
developmental age calculated, because her developmental performance was estimated to be
above of a 36-month old child. Due to the advanced age of three children with HI, the
DevSnap standard score and its percentile could neither be calculated (C3, C4, and C8).
Among the participants with HI, three children were reported as at-risk of having language
delays according to results from AVA and DevSnap, namely C1, C8, and C13.
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A Mann-Whitney U test was then conducted for comparing the results of the language

assessment tools between the two groups of participants (NH and HI). The results suggested

that there was no statistical significant differences in the two groups regarding chronological

age (Md= 23 mo, U= 40, p=.53), developmental age (Md= 16 mo, U= 28, p=.71), AVA

standard score (Md= 91, U= 17, p=.38), or DevSnap (Md= 83, U= 11, p=.65). Furthermore,

no significant difference between male and female participants in chronological age (Md= 23

mo, U= 31, p=.41), developmental age (Md= 16 mo, U= 23, p=.85), AVA standard score

(Md= 91, U= 39, p=.59), and DevSnap (Md= 83, U= 9, p=.63), regardless of the children’s

hearing condition.

Table 23: Language assessment tests, children with NH (n=7)

ID/NH Gender ggheronO. dDeSV age 32 score CE;)S QXAS\COI’E 'OA/\OVA

Cc2 F 25 33 116 | 86 122 92
C6 M 21 16 83| 12 84 14
C7** M 11 11 109 73 71 2
c9 M 21 16 80| 8 9| 25
C11** F 19 11 74| 4 92 28
C12%* F 19 11 74| 4 114| 82
C15 M 29 36+ 123| 93 112 78
M 21 16 94 41 98 46
Min-Max 1129 1136+ ;oo 5‘3 71-122  2-92
SD 6 9 21 42 18 37

Note: The developmental age of C15 could not be calculated, for his performance on the DevSnap was equal or
above 36 months, which is the age limit the DevSnap is able to calculate.
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Table 24: Children with HI: CDI, DevSnap, and AVA scores. *Children at risk of language delay. **n=4.

Age DS pggrg, |AVA
ID/HI | Gender | C. age |H. age |fitting | dev. s | Std. CDI

HA age Score score
C1* M 37 8 29 12 <65 71 2
C3 F 43 27 16 32 N/A 92 223
C4 F 38 34 4 36+ N/A 114 459
C5 M 41 23 18 30 87 101 268
Cc8* F 42 12 30 6 N/A 78 8
C10 M 19 13 6 17 93 87 54
C13* M 20 4 16 14 81 68 3
M 34 17 19 82 34 145
Min-Max 19-43  4-34 6-36+ <65-93 68-114 2-459
SD 10 11 10 12 5 177

Note: The DevSnap is sensitive up to the expressive and receptive language of children up to 36 months. The
developmental age of C4 was estimated over 36 months. For this reason, it could not be calculated. The
DevSnap standard score was equal or below <65, which is the minimum calculated by the DevSnap. The
DevSnap standard score could not be calculated for C3, C4, and C8 due to their chronological age be above 36
months.

3.1.3. Audio environment

Tables 8 and 9 show the descriptive statistics and the estimates of the AE variables provided
in percentage for each group of participants.

Table 25: Audio environment, control group (n=7)

ID/NH Gender | Age | Silence | Noise | TV Distant | Meaningful
2 F 25 50 3 4 22 21
6 M 21 42 4 1 34 19
7 M 11 29 3 2 48 18
9 M 21 32 3 2 41 22
11 F 19 54 3 11 19 13
12 F 19 46 2 18 18 16
15 M 29 55 2 1 19 23
M 44 3 6 29 19
Min-max 29-55 2-4 1-18 18-48 13-23
Range 26 2 17 30 10
SD 10 1 7 12 4
Median 46 3 2 22 19

Note: The audio environment in children with NH was measured in %.
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Table 26: Audio environment — Clinical group (n=7)

ID/HI | Gender | Age | Silence | Noise | TV | Distant | Meaningful
1 M| 37 50 7 9 20 14
3 F| 43 23 4 41 24
4 F| 38 20 2 11 40 27
5 M| 41 18 5 10 36 31
8 F| 42 46 6 4 31 13
10 M| 19 20 4 10 42 24
13 M| 20 23 7 17 39 14
M 29 5 10 36 21
Min-max 18-50 2-7 4-17  20-42 13-31
Range 32 5 13 22 18
SD 13 2 4 8 7
Median 23 5 10 39 24

Table 27: Audio environment in children with HI, measured in %.

Figure 11: Characteristics of the audio environment of children with NH in comparison to the audio
environment of children with HI.
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A Mann-Whitney comparative analysis of the audio environment of the participating children
have suggested that children in both groups were exposed to a similar amount of; screen time
(TV/radio) (Md= 9%, U= 36, p=.17), exposure to language spoken close to the child
(meaningful listening) (Md= 20%, U= 31, p=.46) and distance listening (Md= 35%, U= 34,
p=.26). However, the listening environment differed between groups (NH vs HI) in relation
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to the time of silence exposure (Md= 37%, U= 8, p=.04) and noise in the environment (Md=
4%, U= 42, p=.03) as shown in figure XX (p. XX) with more silence and less noise exposure

in the NH group.

Table 28: Gender differences in the audio environment of the participating children (n= 14).

Mann-Whitney U test

Md U p-value
AE_Close to 20% 20 .57
AE_distant from 35% 15 .28
AE_TV/radio 9% 34 .23
AE_noise 4% 15 .28
AE_silence 37% 30 49

3.2.  Correlation study

The correlation analysis was organized in three parts. First, it analyzed the correlation
variables based on the data from the participants with NH, a second analysis considered only
the data of the children with HI, and a third analysis consisted of the combined data of the two
groups. The focus of this analysis was on how well child age (chronological, developmental,
and hearing) correlated with the language environmental variables, and with the results of the

language assessment tools.
Normal Hearing (n=7)

Children’s chronological age strongly correlated with number of CV (rs= .98, p=.04), and
with the amount of CT (rs= .79, p=.04), and to the amount of language spoken close to the
child (rs= .82, p=.02). Chronological age strongly correlated with child developmental age
(rs= .97, p=.00). A strong, positive correlation was found between children’s developmental
age and DevSnap standard score (rs= .77, p=.04). No correlation was found between child age
and the amount of AW, FAN, and MAN words recorded. No significant results were observed

between the investigated variables and the SES of the participating families.
Hearing impaired (n=7)

No correlation was found between the chronological age and any of variables related to the
language environment. Children hearing age strongly correlated with the number of CV (rs=
.86, p=.01), and with the number of CT (rs= .79, p=.04). A strong, positive correlation was
found between child developmental age and the amount of language spoken close to the child
(rs= .86, p=.01), with the number of CV (rs= .93, p=.00), and with the number of CT (rs= .86,
p=.01). A very strong correlation was observed between hearing and developmental age (rs=

146



.86, p=.01), between hearing age with AV A standard score (rs= .96, p=.00), and between
developmental age and AVA (rs= .82, p=.02).

No correlation was found between child age (chronological, developmental, and hearing age)
and the number of AW, FAN, and MAN words recorded. Similarly, no correlation was found
between child age (chronological, hearing, and developmental) with DevSnap standard score,
and between chronological age and AV A standard score. No significant results were observed
between the investigated variables and the SES of the participating families.

Whole cohort (n= 14)

A strong, positive correlation was found between children’s developmental age and the amount of
language spoken close to them (rs= .83, p=.00), with the number of CV (rs= .88, p=.00), with the
number of CT (rs= .83, p=.00). A positive, moderate correlation was found between children
developmental age and the number of FAN words they heard (rs= .56, p=.04). A moderate
correlation was observed between child developmental age and AVA (rs= .57, p=.04) and
DevSnap (rs= .68, p=.02).

No correlation was found between the chronological age and any of variables related to the
language environment as for whole cohort (n= 14). The correlation analysis between child
chronological age and AVA, and DevSnap standard score yielded no significant results.
Taking in the whole cohort, the correlational analysis between the level of parental education
and all the other variables did not yield significant results.

4. Discussion

The objective of the present pilot study was (1) to pre-validate LENA™ in a Brazilian
context, (2) to explore the listening and language environment in Brazilian toddlers with NH,
and (3) to compared it to children with different types and degrees of hearing impairment, and

in in relation to language abilities.

4.1.  Pre-validation of LENA™in a Brazilian Portuguese context

In the present pre-validation of LENA, it was investigated whether AW and CV could be
assessed in BP by using the results from the LENA system and compare with human
transcripts. Reliability tests showed a strong degree of agreement between the LENA

system’s automated estimates and the means of the two blinded, human raters’ counts, and
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with a high interrater reliability. The current research provided reasonably accurate estimates
for AW and CV for the selected recordings and sample of children. Therefore the devised
coding protocol for BP was deemed valid and could preferable be used in a prospective, larger
validation study of the same LENA variables (AW and CV) in a BP context with more

subjects, and with a higher variability in ages and variety in SES level.

Despite the strong, positive correlation between human and LENA estimates, the differences
in AW and CV counts should be viewed at with caution. LENA tended to overestimate human
AW and to underestimate CV. Taking in consideration that LENA relies on automated
signal-processing algorithms and human transcribers rely on intelligible speech signal for
judgment, differences between the automated and the human counts might indicate some
degree of labeling error produced [8]. According to Canault et al. [3], difficulties in labeling
speech productions might be related to differences between human and automated forms of
assessing speech. Human coders relied on speech intelligibility for making qualitative
perceptual judgments of the data whilst LENA relied on automated signal processing

algorithms [3]. The same pattern was observed in other pilot studies [3, 4, 6, 8, 15, 17].
4.2.  Comparative pilot study

No significant difference was observed on chronological and developmental age between the children
in the control and in the clinical groups. It was observed that children’s performance on the language
assessment tests (DevSnap, CDI, and AVA) varied greatly within groups regardless of children’s

hearing condition.

The age of fitting HA/CI accounted for children with HI level language performance. Those who were
fitted with HA/CI at younger age displayed better language skills than their peers. This result was in
line with Ambrose et al. (2015) who observed that the amount linguistic input provided by parents to
children with HI increases as child age. As of the performance of the participants in the control group,
the varied level of language skills was associated with the very young age of three of the participants
(11 to 19 months). Investigating subgroups differences in language skills and language environment

was not within the scope of this study. Yet, it should be further investigated in future studies.

Children expressive and receptive language abilities were assessed with the DevSnap and
AVA [7]. First, the DevSnap score and percentile for three children with HI could not be
calculated because they were older than 36 months. Consequently, the analysis of group

results on DevSnap performance relied on the data of only four of the seven children with HI.
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AV A score results indicated that one child with NH and three children with HI were believed

to be experiencing a possible expressive language delay.

At the follow-up occasion with parents (when they were informed about their individual
child’s LENA results) it was obvious that the majority of the children in the cohort used
pacifier on a regular and frequent basis. This was not formally investigated in parent
questionnaires, but could potentially contribute to the somewhat unexpected variation in
expressive ability in some of the participating children with low AV A scores (one child with
NH and one with HI).

Interestingly, it was observed among the three children with HI that all of them had profound
HI and that they were exposed to less AW per 12 hours, than children whose language
development was on track. These results suggest that children expressive language was
dissociated to the level of HI and associated with the amount of AW they were exposed to. In
other words, Brazilian children with moderate HI tended to have better expressive language

than those with profound HI in the current study.
4.3.  The SES level of the participating families

Evidence from a previous study has shown a correlation between children expressive
language and family SES level [8]. Research results suggested that children from low SES
families received fewer stimuli for developing their language skills whilst children from

higher SES families received more support for developing language [2, 14, 20, 21].

In this study, nine out of eleven participating families came from middle to high SES
background. The level of parental education was very high (86% of them hold a college
degree). It resulted in a rather homogeneous cohort despite the diverse language environment
of these families. However, no correlation was found between language environment and the

level of parental education/SES.

It was observed that both children’s language performance and adult input varied greatly
between both groups of participants, regardless of the level of parental education.
Consequently, the profile of language profile of children from low SES families is still
unknown. A similar pattern was observed in Pae et al. [15]. Thus, future study should further
investigate the SES of the participating families in relation to their children language skills.

149



4.4. Gender differences

Regarding gender differences, the performance of male and female children in language
assessment tests was alike despite their hearing condition. Similarly, the characteristics of the
language and listening environment of male and female children were comparable. It suggests
that Brazilian parents provided the same language and developmental opportunities to their

male and female offspring.

A statistical significant gender-related difference was found between the amount of FAN and
MAN words in this study. This result indicated that mothers or female caregivers talked
significantly more to their children than fathers or male caregivers, regardless of children
hearing condition. Future studies should be done with a larger cohort with focus on subgroup

differences in relation to their exposure to male vs. female adult-child directed speech.

As observed in this cohort, women had a major role in stimulating children’s language
development regardless of the children’s hearing condition. These findings highlighted the
need of fathers having more verbal interactions with their children. Fathers’ involvement in
childcare could support not only the child’s language development, but it would also
strengthen the father-child relationship. Such result was in line with the data from the latest
demographic census in Brazil [9], which indicated that women still have major responsibility
for family/childcare affairs.

4.5. Audio environment

Regarding the characteristics of the audio environment, evidence from statistical analysis
suggested that there was no difference between the two groups as for children’s exposure to
meaningful language, distant language, and TV/radio. However, their environment differed as
for their exposure to noise and silence in the environment. Children with NH were more
exposed to a silent environment whereas those with HI were more exposed to noise in the
environment. Their longer exposure to silence in the environment is explained by their young
age. Those children were reported to take naps in the afternoon and going to bed early in the

evening.

4.6. Correlation study
Evidence from previous studies has suggested that the amount of interaction and the number

adult-child directed words would be predictors of children’s language skills in relation to their
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age [8, 14]. However, in the present study it was observed that child age was in line with the

exposure to linguistic input close to the child, parent-child interaction, and CV.

Evidence from research suggested that increase in child age leads to increase on the exposure
to linguistic input, on the number of involvement in parent-child interaction, and consequently
on the number of vocalizations [6, 14]. The impact of exposure to linguistic input and parent-
child interaction was observed on the results of the language assessment tools. Therefore, it
suggested that the amount of linguistic input directed to children stimulated them to speak
more, which consequently impact on their performance on assessment tests. The more
caregivers interact with their child; the better will be the child’s language outcomes in relation
to her age [9, 14].

As for the cohort of children with HI, it was observed that oral language development only
takes place after the fitting of HA/CI. Due to the advanced age of fitting HA/CI, aspects of
their language environment and development did not correlate with their chronological age.
Such result suggests that measures should be taken to urge the early diagnosis and treatment

of HI following the 1-3-6 guidelines [13] in Brazilian context.

The correlational analysis combining the data of the whole cohort suggested that children’s
chronological age did not correlate with any of the examined factors. It was here suggested
that these factors were (1) the large age range of the participating children (11-43 mo), (2)
their diverse environment, and (3) varied levels of language development. Therefore, child
developmental age was considered as a more reliable measure to investigate the aspects of the

language environment and development in such diverse scenario.

5. Conclusion

The findings of this research study suggests that the LENA system is a promising tool to be
used also in the Brazilian cultural settings. LENA results demonstrated the importance of the
active participation of parents in stimulating their young children’s language acquisition and
auditory stimulation soon after birth, especially in cases of children with any degree of
hearing loss. Future research should focus on the natural language development of Brazilian
children so that the LENA normative data for BP could be established. Therefore, the LENA
system could be implemented as a tool to be used in screening and habilitation settings

nationwide. The implementation of the LENA system could empower Brazilian professionals
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with new knowledge that is needed for the evaluation of family-centered intervention
programs, with focus on empowering both female and male caregivers, for promoting optimal
stimulation of their child’s overall language development, immediately from infancy, both in
clinical groups and typical hearing children with caregivers who are poor in interactive

communication.
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