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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 
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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 HI, 

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 dB1 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 

                                                 
1 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 Brazil 

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 Health2 (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 Research3 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 Único de Saúde – 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 

reabilitação…, Portal Brasil, 2015). 

                                                 
2 Ministério da Saúde 
3 Pesquisa Nacional de Saúde 
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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.    
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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 espaço…, 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 criança 

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. 
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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/
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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 Löfkvist 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 (São Paulo, Brazil). The Santa Casa Hospital is a philanthropic health care unit and 

center of reference for CI in São Paulo. This hospital provides health services and CI to 

children from low-income families with the support of the Brazilian Integrated Health 
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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 
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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. 
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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-Itano, 2012; Gilkerson & Richards, 2009; Hart & Risley, 

1995; Kirk et al. 2011; Van 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. 
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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  

 

Note: Retrieved from: https://www.psychologynoteshq.com/bronfenbrenner-ecological-theory/, on 12 May 2018.  

 

https://www.psychologynoteshq.com/bronfenbrenner-ecological-theory/
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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 LENATM system in Spanish-speaking household of children 

with HI. The objective was to investigate the possible differences of LENATM 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 LENATM 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 LENATM 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 

LENATM 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 LENATM 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 LENATM 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 LENATM system is not language dependent because it 

measures speech segmentation of the audio stream by identifying the sound sources. Research 

results suggested that the LENATM 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 LENATM 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 IQ 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 São 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 São 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.   

 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 CIs, four 

bimodal4, 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.  

 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. 

 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-Itano, 

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. 

 LENATM Software for analyzing linguistic information (PC compatible) 

 LENATM 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) 

 Specialized LENATM 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. 

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 ½ 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 
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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, I 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 VIII). 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 AVA standard score and percentile. AVA 

standard scores are bounded between 65 and 135, and results outside this range are 

displayed as <65 and >135. AVA 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. 

 McArthur-Bates Communicative Development Inventories (CDI): The CDI 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 BP5 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).  

https://mb-cdi.stanford.edu/adaptations.html
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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.  

 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).  

 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). 

 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).  

 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 consent6 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.  

                                                 
6 Termo de Consentimento Livre e Esclarecido (TCLE). Cf. appendix III. 
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Once the data collection was completed, the recorded data were transferred, analyzed and 

processed automatically by the LENATM 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.  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. 

2. 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. 

3. Every word with at least 1 syllable was considered as meaningful speech, and 

therefore, counted as a word. For example: 'sim' (yes), 'não' (no). 

4. Formal spelling of Portuguese was used except when there was a difference in number 

of syllables between spoken and written form, i.e. 'tá' as short for 'está' (he/she/it is), 

'tô' as short for 'estou' (I am) 'dá' (give), and 'cê' or 'ocê' as short for 'você' (you) 

(Schwartz et al, 2017). 

5. Free morphemes, such as determiners (o, a, os, as, um, uma, uns, umas), prepositions 

(para, pra, após, antes), and pronouns (ele, ela, eu, você/ocê/cê, a gente) were counted 

as 1 word each. 

6. Bound morphemes, such as prefixes and suffixes, were not counted independently. For 

example, desempregado (unemployed) was counted as 1 word.  

7. 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. 

8. Apócopes 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'. 

9. Elipses, such as 'copo d'água' instead of 'copo de água' (glass of water), 'casa d'Alice' 

instead of 'casa da Alice' (Alice's house) were counted as 2 words instead of 3.  

10. Onomatopeias were counted as 1 word each. For example: 'auau' (dog), 'cocó' 

(chicken), 'miau' (cat), and 'oinc-oinc' (pork). 

11. 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 AVA 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. 

 



35 

 

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, Cúnico, 

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 (Ramírez‐Esparza, García‐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 % 

Difference 

98 

-5 

84 

-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 % 

Difference 

64 

-154 

41 

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 

(α= .993 and α= .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 

         

 

Table 4: ICC of interrater reliability - AW 

 

 

Table 5: ICC of interrater reliability - CV 

 

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. 

ID Gender 
Chronological 

age (mo) 

AW 

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 

C11 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 

ID Gender 
Chronological 

age (mo) 

CV 

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 

C11 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 

          

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.  

ID Gender 
Chronological 

age 

AW CV 

Human 

average 
LENA 

Words 

Difference a 

matching 

% 

Human 

average 
LENA 

Words 

Difference a 

matching 

% 

C2 F 25 596 655 -59 91 342 150 192 44 

C6 M 21 624 700 -76 89 142 58 84 41 

C7 M 11 1033 1021 12 99 46 49 -3 94 

C9 M 21 835 1054 -219 79 81 50 31 62 

C11 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 a  values reflect rater- minus LENA-based counts. (n= 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  

     

  

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

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

  

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 AVA 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 
Chrono. 

age 

DS  

dev. age 

DS  

std. score 

AVA  

std. score 
CDI 

C2 F 25 33 116 122 373 

C6 M 21 16 83 84 20 

C7** M 11 11 109 71 98*  

C9 M 21 16 80 90 19 

C11** F 19 11 74 92 51 

C12** 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. 

ID/HI Gender C. age  H. age  

Age 

fitting 

HA 

DS 

dev. 

age  

DS std. 

Score** 

AVA 

std. 

score 

CDI 

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 

C8* 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) 

ID/NH 

Total 

recording 

time 

C. age 

CV  

per hour 

x 12h 

CT  

per hour 

x 12h 

AW  

per hour x 

12h 

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 

C11 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) 

ID/HI 

Total 

recording 

time 

C. age 

CV  

per hour 

x 12h 

CT  

per hour 

x 12h 

AW  

per hour x 

12h 

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 

C5 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 

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). 

 

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).  

  

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 

C7 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 9 20 14 

C3  F 43 23 4 8 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. 

  

Gender differences 

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 AVA 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 AVA 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 AVA (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 (AVA 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. 



52 

 

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 AVA 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 AVA 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 (α= .993 and α= .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)7. 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). 
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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 AVA 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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Appendix VIII - LENA Composite Review, AVA 

Report, and Developmental Snapshot by case 

Nome da criança: C1 Gênero: Masculino 

Nome da Mãe: XXX 

Data de nascimento: 07/2014 Idade no dia da gravação: 37 meses               

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

Relatório da avaliação automática de vocalização 
AVA pontuação padrão: 71 pts AVA percentil: 2% 
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Nome da criança: C1 Gênero: Masculino 

Nome da Mãe: XXX 

Data de nascimento: 07/2014 Idade no dia da gravação: 37 meses               

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

Áreas de avalição 

Ambiente sonoro (%) Tempo total de gravação: 12h27m 

Vocalizações infantis: 384  

Turnos conversacionais:144  

Palavras enunciadas por adultos: 13668 

Silêncio: 50% 

Barulho: 7%  

TV/rádio/eletrônicos: 

9% 

Fala distante: 20% 

Fala significativa: 

14% 
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Nome da criança: C1 Gênero: Masculino 

Nome da Mãe: XXX 

Data de nascimento: 07/2014 Idade no dia da gravação: 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 pontuação padrão: <65 pts   DevSnap percentil: 1% 
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Nome da criança: C2  Gênero: Feminino 

Nome da Mãe: XXX 

Data de nascimento: 07/2015 Idade no dia da gravação: 25 meses  

Relatório da avaliação automática de vocalização 
AVA pontuação padrão: 122 pts. AVA percentil: 92% 
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Nome da criança: C2  Gênero: Feminino 

Nome da Mãe: XXX 

Data de nascimento: 07/2015 Idade no dia da gravação: 25 meses  

Áreas de avalição 
Ambiente sonoro (%) Tempo total de gravação: 12h 56m 

Vocalizações infantis: 2676  

Turnos conversacionais: 840  

Palavras enunciadas por adultos: 16608  

Silêncio: 50% 

Barulho: 3%  

TV/rádio/eletrônicos: 

4% 

Fala distante: 22% 

Fala significativa: 

21% 
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Nome da criança: C2  Gênero: Feminino 

Nome da Mãe: XXX 

Data de nascimento: 07/2015 Idade no dia da gravação: 25 meses  

Ponto de desenvolvimento 
Idade de desenvolvimento: 33 meses – desenvolvimento avançado 

DevSnap pontuação padrão: 116 pts   DevSnap percentil: 86% 
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Nome da criança: C3  Gênero: Feminino 

Nome da Mãe: XXX 

Data de nascimento: 01/2014 Idade no dia da gravação: 43 meses  

Data do implante: 05/2015 Idade auditiva: 27 meses 

Relatório da avaliação automática de vocalização 
AVA pontuação padrão: 92 pts AVA percentil: 29% 
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Nome da criança: C3  Gênero: Feminino 

Nome da Mãe: XXX 

Data de nascimento: 01/2014 Idade no dia da gravação: 43 meses  

Data do implante: 05/2015 Idade auditiva: 27 meses 

Áreas de avalição 
Ambiente sonoro (%) Tempo total de gravação: 11h 38m 

Vocalizações infantis: 2244  

Turnos conversacionais: 648 

Palavras enunciadas por adultos: 15888 

Silêncio: 23% 

Barulho: 4%  

TV/rádio/eletrônicos: 

8% 

Fala distante: 41% 

Fala significativa: 

24% 
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Nome da criança: C3  Gênero: Feminino 

Nome da Mãe: XXX 

Data de nascimento: 01/2014 Idade no dia da gravação: 43 meses  

Data do implante: 05/2015 Idade auditiva: 27 meses 

Ponto de desenvolvimento 
Idade de desenvolvimento: 32 meses – desenvolvimento dentro do esperado 

DevSnap pontuação padrão: idade > 36 meses  DevSnap percentil: não calculado 
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Nome da criança: C4  Gênero: Feminino 

Nome da Mãe: XXX 

Data de nascimento: 06/2014 Idade no dia da gravação: 38 meses  

Data do implante: ___/___/___ Idade auditiva: 34 meses  

Relatório da avaliação automática de vocalização 
AVA pontuação padrão: 114 pts AVA percentil: 82%
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Nome da criança: C4  Gênero: Feminino 

Nome da Mãe: XXX 

Data de nascimento: 06/2014 Idade no dia da gravação: 38 meses  

Data do implante: ___/___/___ Idade auditiva: 34 meses  

Áreas de avalição 
Ambiente sonoro (%) Tempo total de gravação: 14h 29m 

Vocalizações infantis: 4565  

Turnos conversacionais: 852  

Palavras enunciadas por adultos: 14100 

Silêncio: 20% 

Barulho: 2%  

TV/rádio/eletrônicos: 

11% 

Fala distante: 40% 

Fala significativa: 

27% 
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Nome da criança: C4  Gênero: Feminino 

Nome da Mãe: XXX 

Data de nascimento: 06/2014 Idade no dia da gravação: 38 meses  

Data do implante: ___/___/___ Idade auditiva: 34 meses  

Ponto de desenvolvimento 
Idade de desenvolvimento: +36 meses – desenvolvimento dentro do esperado 

DevSnap pontuação padrão: idade > 36 meses  DevSnap percentil: não calculado 
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Nome da criança: C5 Gênero: Masculino 

Nome da Mãe: XXX  

Data de nascimento: 08/2014 Idade no dia da gravação: 41 meses  

Data do implante: ___/___/___ Idade auditiva: 23 meses  

Relatório da avaliação automática de vocalização 
AVA pontuação padrão: 101 pts AVA percentil: 52% 
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Nome da criança: C5 Gênero: Masculino 

Nome da Mãe: XXX  

Data de nascimento: 08/2014 Idade no dia da gravação: 41 meses  

Data do implante: ___/___/___ Idade auditiva: 23 meses 

Áreas de avalição 
Ambiente sonoro (%) Tempo total de gravação: 10h 53m 

Vocalizações infantis: 3528   

Turnos conversacionais: 1548 

Palavras enunciadas por adultos: 30252 

Silêncio: 18% 

Barulho: 5%  

TV/rádio/eletrônicos: 

10% 

Fala distante: 36% 

Fala significativa: 

31% 
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Nome da criança: C5 Gênero: Masculino 

Nome da Mãe: XXX  

Data de nascimento: 08/2014 Idade no dia da gravação: 41 meses  

Data do implante: ___/___/___ Idade auditiva: 23 meses s 

Ponto de desenvolvimento 
Idade de desenvolvimento: 30 meses 

DevSnap pontuação padrão: 87 pts   DevSnap percentil: 18% 
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Nome da criança: C6  Gênero: Masculino 

Nome da Mãe: XXX 

Data de nascimento: 11/2015 Idade no dia da gravação: 21 meses  

Relatório da avaliação automática de vocalização 
AVA pontuação padrão: 84 pts AVA percentil: 14% 
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Nome da criança: C6  Gênero: Masculino 

Nome da Mãe: XXX 

Data de nascimento: 11/2015 Idade no dia da gravação: 21 meses  

Áreas de avalição 
Ambiente sonoro (%) Tempo total de gravação: 15h 14s 

Vocalizações infantis:  2256 

Turnos conversacionais: 372 

Palavras enunciadas por adultos: 1668 

Silêncio: 42% 

Barulho: 4%  

TV/rádio/eletrônicos: 

1% 

Fala distante: 34% 

Fala significativa: 

19% 
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Nome da criança: C6  Gênero: Masculino 

Nome da Mãe: XXX 

Data de nascimento: 11/2015 Idade no dia da gravação: 21 meses  

Ponto de desenvolvimento 
Idade de desenvolvimento: 16 meses - desenvolvimento dentro do esperado 

DevSnap pontuação padrão: 83 pts   DevSnap percentil: 12% 
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Nome da criança: C7 Gênero: Masculino  

Nome da Mãe: XXX 

Data de nascimento: 09/2016 Idade no dia da gravação: 11 meses  

Relatório da avaliação automática de vocalização 
AVA pontuação padrão: 71 pts AVA percentil: 2% 
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Nome da criança: C7 Gênero: Masculino  

Nome da Mãe: XXX 

Data de nascimento: 09/2016 Idade no dia da gravação: 11 meses   

Áreas de avalição 

Ambiente sonoro (%) Tempo total de gravação: 12h 58m 

Vocalizações infantis:  660 

Turnos conversacionais: 372 

Palavras enunciadas por adultos: 9936 

Silêncio: 29% 

Barulho: 3%  

TV/rádio/eletrônicos: 

2% 

Fala distante: 48% 

Fala significativa: 

18% 
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Nome da criança: C7 Gênero: Masculino  

Nome da Mãe: XXX 

Data de nascimento: 09/2016 Idade no dia da gravação: 11 meses  

Ponto de desenvolvimento 

Idade de desenvolvimento: 11 meses - desenvolvimento dentro do esperado 

DevSnap pontuação padrão: 109 pts   DevSnap percentil: 73% 
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Nome da criança: C8 Gênero: Feminino 

Nome da Mãe: XXX 

Data de nascimento: 02/2014 Idade no dia da gravação: 42 meses  

Data do implante: ___/__/___ Idade auditiva: 12 meses  

Relatório da avaliação automática de vocalização 
AVA pontuação padrão: 78 pts AVA percentil: 6% 
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Nome da criança: C8 Gênero: Feminino 

Nome da Mãe: XXX 

Data de nascimento: 02/2014 Idade no dia da gravação: 42 meses  

Data do implante: ___/__/___ Idade auditiva: 12 meses  

Áreas de avalição 

Ambiente sonoro (%) Tempo total de gravação: 13h 23m 

Vocalizações infantis: 636 

Turnos conversacionais: 180  

Palavras enunciadas por adultos: 10068  

Silêncio: 46% 

Barulho: 6%  

TV/rádio/eletrônicos: 

4% 

Fala distante: 31% 

Fala significativa: 

13% 
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Nome da criança: C8 Gênero: Feminino 

Nome da Mãe: XXX 

Data de nascimento: 02/2014 Idade no dia da gravação: 42 meses  

Data do implante: ___/__/___ Idade auditiva: 12 meses  

Ponto de desenvolvimento 

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

DevSnap pontuação padrão: idade > 36 meses  DevSnap percentil: não calculado 
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Nome da criança: C9 Gênero: Male  

Nome da Mãe: XXX 

Data de nascimento: 11/2015 Idade no dia da gravação: 21 meses  

Relatório da avaliação automática de vocalização 
AVA pontuação padrão: 90 pts AVA percentil: 25% 
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Nome da criança: C9 Gênero: Male  

Nome da Mãe: XXX 

Data de nascimento: 11/2015 Idade no dia da gravação: 21 meses  

Áreas de avalição 

Ambiente sonoro (%) Tempo total de gravação: 13h 01m 

Vocalizações infantis: 1944  

Turnos conversacionais: 372 

Palavras enunciadas por adultos: 6876 

Silêncio: 32% 

Barulho: 3%  

TV/rádio/eletrônicos: 

2% 

Fala distante: 41% 

Fala significativa: 

22% 
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Nome da criança: C9 Gênero: Male  

Nome da Mãe: XXX 

Data de nascimento: 11/2015 Idade no dia da gravação: 21 meses   

Ponto de desenvolvimento 

Idade de desenvolvimento: 16 meses – desenvolvimento dentro do esperado 

DevSnap pontuação padrão: 80 pts   DevSnap percentil: 8% 
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Nome da criança: C10 Gênero: Masculino 

Nome da Mãe: XXX 

Data de nascimento: 01/2016 Idade no dia da gravação: 19 meses  

Data do implante: ___/___/___ Idade auditiva: 13 meses  

Relatório da avaliação automática de vocalização 
AVA pontuação padrão: 87 pts AVA percentil: 18% 
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Nome da criança: C10 Gênero: Masculino 

Nome da Mãe: XXX 

Data de nascimento: 01/2016 Idade no dia da gravação: 19 meses  

Data do implante: ___/___/___ Idade auditiva: 13 meses 

Áreas de avalição 

Ambiente sonoro (%) Tempo total de gravação: 11h 03m 

Vocalizações infantis: 1752  

Turnos conversacionais: 564 

Palavras enunciadas por adultos: 22176 

Silêncio: 20% 

Barulho: 4%  

TV/rádio/eletrônicos: 

10% 

Fala distante: 42% 

Fala significativa: 

24% 
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Nome da criança: C10 Gênero: Masculino 

Nome da Mãe: XXX 

Data de nascimento: 01/2016 Idade no dia da gravação: 19 meses  

Data do implante: ___/___/___ Idade auditiva: 13 meses 

Ponto de desenvolvimento 
Idade de desenvolvimento: 17 meses - desenvolvimento dentro do esperado 

DevSnap pontuação padrão: 93pts   DevSnap percentil: 32% 
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Nome da criança: C11 Gênero: Feminino 

Nome da Mãe: XXX 

Data de nascimento: 01/2016 Idade no dia da gravação: 19 meses 

Relatório da avaliação automática de vocalização 
AVA pontuação padrão: 92 pts AVA percentil: 28% 
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Nome da criança: C11 Gênero: Feminino 

Nome da Mãe: XXX 

Data de nascimento: 01/2016 Idade no dia da gravação: 19 meses 

Áreas de avalição 
Ambiente sonoro (%) Tempo total de gravação: 13h 00m 

Vocalizações infantis: 1068  

Turnos conversacionais: 240 

Palavras enunciadas por adultos: 7152 

Silêncio: 54% 

Barulho: 3%  

TV/rádio/eletrônicos: 

11% 

Fala distante: 19% 

Fala significativa: 

13% 
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Nome da criança: C11 Gênero: Feminino 

Nome da Mãe: XXX 

Data de nascimento: 01/2016 Idade no dia da gravação: 19 meses 

Ponto de desenvolvimento 
Idade de desenvolvimento: 11 meses – risco de atraso no desenvolvimento 

DevSnap pontuação padrão: 74pts   DevSnap percentil: 4% 
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Nome da criança: C12 Gênero: Feminino 

Nome da Mãe: XXX 

Data de nascimento: 01/2016 Idade no dia da gravação: 19 meses 

Relatório da avaliação automática de vocalização 
AVA pontuação padrão: 114 pts AVA percentil: 82% 
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Nome da criança: C12 Gênero: Feminino 

Nome da Mãe: XXX 

Data de nascimento: 01/2016 Idade no dia da gravação: 19 meses 

Áreas de avalição 
Ambiente sonoro (%) Tempo total de gravação: 12h 49m 

Vocalizações infantis: 1728  

Turnos conversacionais: 396 

Palavras enunciadas por adultos: 10392 

Silêncio: 46% 

Barulho: 2%  

TV/rádio/eletrônicos: 

18% 

Fala distante: 18% 

Fala significativa: 

16% 
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Nome da criança: C12 Gênero: Feminino 

Nome da Mãe: XXX 

Data de nascimento: 01/2016 Idade no dia da gravação: 19 meses 

Ponto de desenvolvimento 
Idade de desenvolvimento: 11 meses – risco de atraso no desenvolvimento 

DevSnap pontuação padrão: 74 pts   DevSnap percentil: 4% 
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Nome da criança: C13 Gênero: Masculino 

Nome dos pais: XXX 

Data de nascimento: 12/2015 Idade no dia da gravação: 20 meses  

Data do implante: ___/___/___ Idade auditiva: 4 meses  

Relatório da avaliação automática de vocalização 
AVA pontuação padrão: 67 pts AVA percentil: 1% 
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Nome da criança: C13 Gênero: Masculino 

Nome dos pais: XXX 

Data de nascimento: 12/2015 Idade no dia da gravação: 20 meses  

Data do implante: ___/___/___ Idade auditiva: 4 meses  

Áreas de avalição 

Ambiente sonoro (%) Tempo total de gravação: 13h 35m 

Vocalizações infantis: 852  

Turnos conversacionais: 204 

Palavras enunciadas por adultos: 10848 

Silêncio: 23% 

Barulho: 7%  

TV/rádio/eletrônicos: 

17% 

Fala distante: 39% 

Fala significativa: 

14% 
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Nome da criança: C13 Gênero: Masculino 

Nome dos pais: XXX 

Data de nascimento: 12/2015 Idade no dia da gravação: 20 meses  

Data do implante: ___/___/___ Idade auditiva: 4 meses  

Ponto de desenvolvimento 

Idade de desenvolvimento: 14 meses – risco de atraso no desenvolvimento 

DevSnap pontuação padrão: 81 pts   DevSnap percentil: 10% 
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Nome da criança: C15 Gênero: Masculino 

Nome da Mãe: XX 

Data de nascimento: 03/2015 Idade no dia da gravação: 29 meses  

Relatório da avaliação automática de vocalização 
AVA pontuação padrão: 67 pts AVA percentil: 1% 
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Nome da criança: C15 Gênero: Masculino 

Nome da Mãe: XX 

Data de nascimento: 03/2015 Idade no dia da gravação: 29 meses  

Áreas de avalição 

Ambiente sonoro (%) Tempo total de gravação: 11h 43m 

Vocalizações infantis: 4128  

Turnos conversacionais: 1248 

Palavras enunciadas por adultos: 15864 

Silêncio: 55% 

Barulho: 2% 

TV/rádio/eletrônicos: 

1% 

Fala distante: 19% 

Fala significativa: 

23% 
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Nome da criança: C15 Gênero: Masculino 

Nome da Mãe: XX 

Data de nascimento: 03/2015 Idade no dia da gravação: 29 meses  

Ponto de desenvolvimento 

Idade de desenvolvimento: +36 meses – desenvolvimento avançado  

DevSnap pontuação padrão: 123 pts   DevSnap percentil: 93% 
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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 
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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 1st 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 LENAtm 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 LENAtm 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 São 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 São 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 CIs, 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 

ID Gender 
Age 

(Months) 

Parental 

education 

C2 F 25 College 

C6 M 21 College 

C7 M 11 College 

C9 F 21 College 

C11 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 

(Months) 

Hearing 

Age 

Hearing  

Technology 

Degree of  

HL 

Cause of  

HL 

Parental  

education 

C1 M 37 8 CI Profound 
CMV 

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  

C1

0 
M 19 13  Moderate Genetic College  

C1

3 
M 20 4 HA+CI Profound 

Waadenburg 

syndrome 

High 

School 

Mean 

Median 

SD 

Min-max 

34 

38 

10 

19-43 

17 

13 

11 

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 AVA 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. 



136 

 

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 

ID 
Gende

r 

Chronologic

al age 

AW CV 

Huma

n 

averag

e 

LENA 

estimate

s 

Words 

Differenc

e a 

Matchin

g % 

Huma

n 

averag

e 

LENA 

estimate

s 

Words 

Differenc

e a 

Matchin

g % 

C2 F 25 596 655 -59 91 342 150 192 44 

C6 M 21 624 700 -76 89 142 58 84 41 

C7 M 11 1033 1021 12 99 46 49 -3 94 

C9 M 21 835 1054 -219 79 81 50 31 62 

C1

1 
F 19 341 372 -31 92 89 86 3 97 

C1

2 
F 19 486 640 -154 76 45 67 -22 67 

C1

5 
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: 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) 

 

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 São Paulo8 (nbr 2.216.543) and the Norwegian Regional Committees for 

Medical and Health Research Ethics9 (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 

                                                 
8 Comitê de Ética em Pesquisa em Seres Humanos – Santa Casa Hospital, São Paulo 

(http://www.santacasasp.org.br/portal/site/administracao/gerencias/comissoesmedicas/pub/2579/comite-de-etica-

em-pesquisa-em-seres-humanos) 
9 Regionale Komiteer for Medisinsk og Helsefaglig Forskningsetikk (https://helseforskning.etikkom.no/)  

http://www.santacasasp.org.br/portal/site/administracao/gerencias/comissoesmedicas/pub/2579/comite-de-etica-em-pesquisa-em-seres-humanos
http://www.santacasasp.org.br/portal/site/administracao/gerencias/comissoesmedicas/pub/2579/comite-de-etica-em-pesquisa-em-seres-humanos
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) 

ID/NH 

Total 

recording 

time 

C. age 
CV  

12h 

CT  

12h 

AW  

12h 
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 

C11 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) 

ID/HI 

Total 

recording 

time 

C. age 
CV  

12h 

CT  

12h 

AW  

12h 
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 

C5 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) 

 

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) 

 

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 AVA 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 AVA 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 
Chrono. 

age 

DS  

dev. age 

DS  

std. score 

DS 

% 

AVA  

std. score 

AVA 

% 

C2 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 90 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 11-29 11-36+ 
74-123 

4-

93 
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. 

ID/HI Gender C. age  H. age  

Age 

fitting 

HA 

DS 

dev. 

age  

DS std. 

Score** 

AVA 

std. 

score 

CDI 

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 

C8* 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 8 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. 

  

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= 
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.86, p= .01), between hearing age with AVA 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 AVA 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 LENATM 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 LENATM 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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AVA 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 AVA 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. 
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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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