
﻿

University of Helsinki
Dissertationes Universitatis Helsingiensis

11/2023

LANGUAGE ENVIRONMENT AND  
PARENT-INFANT CLOSE CONTACT IN  

THE NEONATAL INTENSIVE CARE UNIT,  
AND EARLY LEXICAL ABILITIES OF  

VERY PRETERM CHILDREN

METHODOLOGICAL CONSIDERATIONS AND 
LONGITUDINAL ASSOCIATIONS

Eva Ståhlberg-Forsén

DOCTORAL DISSERTATION

To be presented, with the permission of the Faculty of Medicine of  
the University of Helsinki, for public examination in Lecture Hall 3,

Biomedicum, on 24 November 2023, at 12 noon.

HELSINKI 2023



﻿

Supervisors

Associate Professor Suvi Stolt
Department of Psychology and Logopedics
University of Helsinki

MD PhD Reija Latva
Department of Child Psychiatry
Tampere University Hospital

Reviewers 

Adjunct Associate Professor Susan Foster-Cohen
Linguistics Department
University of Canterbury

Docent Leila Paavola-Ruotsalainen
Research Unit of Logopedics
University of Oulu

Opponent

Professor Caroline Rowland
Language Development Department
Max Planck Institute for Psycholinguistics

Department of Psychology and Logopedics
Faculty of Medicine
Doctoral Programme in Cognition, Learning, Instruction and Communication

Publisher: University of Helsinki 
Series: Dissertationes Universitatis Helsingiensis 11/2023

ISBN 978-951-51-9058-1 (print)
ISBN 978-951-51-9059-8 (online)
ISSN 2954-2898 (print)
ISSN 2954-2952 (online)
PunaMusta, Joensuu 2023

The Faculty of Medicine uses the Ouriginal system (plagiarism recognition) 
to examine all doctoral dissertations.



3

﻿

ABSTRACT

Very preterm children (born <32 gestational weeks) are at risk for weak language 
skills, including delayed lexical processing and development. Because preterm 
children show broad variation in language development, it is important to 
develop methods to identify the children who need additional support for their 
development. More information on factors that may optimize language outcomes 
in this at-risk group is also needed, including the effects of language environment 
in the neonatal intensive care unit (NICU). 

The present dissertation was performed as part of the Auditory environment 
by Parents of Preterm infants, Language development and Eye movements 
research project. The focus of the dissertation was to gain knowledge on the 
role of early language environment on very preterm children’s lexical abilities 
during the second year of life. The first main aim was methodological, to 
investigate the validity of the Language Environment Analysis (LENA) system 
in the neonatal intensive care units (NICUs) in Turku, Finland, and Tallinn, 
Estonia. The usability and validity of an eye tracking-based processing task, to 
assess early lexical processing of Finnish-acquiring very preterm children, were 
also evaluated. The second main aim was clinical, to investigate the longitudinal 
associations between language environment and parent-infant closeness in the 
NICU and later lexical abilities of very preterm children.

The total number of participants was 43 very preterm infants. The dissertation 
is based on three studies. Study I, the LENA validation study, compared LENA 
and human coder labels and estimated counts. In Study II, very preterm children’s 
lexical processing (reaction time and correct looking time) was assessed with 
an eye tracking-based processing task at 18 months’ corrected age, and the 
associations between lexical processing and development were investigated. 
The study also provided information on the lexical processing task. Lexical 
development was assessed with validated and normed parental report form 
screening methods at 12, 15 and 18 months’ corrected age. Study III investigated 
the possible associations between the language environment and parent-infant 
closeness in the NICU and very preterm children’s later lexical abilities. LENA 
was utilized to measure language environment (adult word, conversational 
turn and child vocalization counts). Parent-infant closeness was documented 
with parental closeness diaries. Lexical processing was assessed with the eye 
tracking-based processing task and lexical development with parental report 
form screening methods.

Study I, the LENA validation study, showed high agreement between LENA 
and human coder estimated adult and female word counts (r = 0.95 and 0.91), 
and conversational turn count in Turku (r = 0.73). Based on Study II, the very 
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preterm children’s lexical processing was associated with lexical development 
during the first part of the second year of life (r = 0.43−0.58). In a linear 
regression model, lexical processing correct looking time and gender explained 
40% of expressive lexical development at 18 months. Based on the longitudinal 
data from Study III, NICU conversational turn count and parent-infant close 
contact (skin-to-skin contact and holding) were positively associated with lexical 
development at 15 and 18 months (r = 0.37−0.46). The adult word count was 
negatively associated with lexical processing correct looking time at 18 months 
(r = -0.40). In linear regression models, conversational turn count, close contact, 
and gender explained 34%−35% of receptive lexical development at 18 months.

The main findings showed that LENA provides valid information from the 
NICU contexts on adult word count. The findings also indicate that the lexical 
processing task can provide useful and valid information on lexical processing 
of very preterm children at 18 months. Adult-infant conversational turns and 
both parents’ close contact with the infant in the NICU were positively associated 
with later lexical development. However, high measures of adult words near the 
infant in the NICU may not promote later lexical processing. More research is 
needed to investigate the connections between the NICU language environment 
and lexical abilities of very preterm children in larger samples and at a later age. 

Keywords: eye tracking, language environment, Language Environment 
Analysis, lexical development, lexical processing, neonatal intensive care unit, 
parent-infant closeness, skin-to-skin contact, very preterm
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SAMMANFATTNING

Mycket för tidigt födda (<32 graviditetsveckan) barn har en ökad risk för språkliga 
svårigheter, inklusive försenad lexikal processerings- och ordförrådsutveckling. 
Eftersom för tidigt födda barn uppvisar en stor variation i språkutvecklingen är 
det viktigt att utveckla metoder för tidig identifikation av de barn som behöver 
stöd för utvecklingen. Det finns även behov av mer information om de faktorer 
som kan optimera språkutvecklingen hos denna riskgrupp, såsom om effekterna 
av den tidiga språkmiljön.

Denna avhandling utfördes som en del av forskningsprojektet the Auditory 
environment by Parents of Preterm infants, Language development and 
Eye movements. Avhandlingens övergripande syfte var att utreda den tidiga 
språkmiljöns roll för lexikala förmågor hos mycket för tidigt födda barn under 
det andra levnadsåret. Den första huvudmålsättningen var metodologisk. 
Avhandlingen granskade validiteten hos the Language Environment Analysis 
(LENA) system som ett instrument för att undersöka språkmiljön på 
intensivvårdsavdelningarna för nyfödda i Åbo, Finland och Tallinn, Estland. 
Därtill undersöktes användbarheten och validiteten hos en eye tracking-
baserad lexikal processingsuppgift som användes för att undersöka tidig lexikal 
processingsförmåga hos mycket för tidigt födda barn som lär sig finska. Den 
andra huvudmålsättningen, med kliniskt fokus, var att utreda det longitudinella 
sambandet mellan språkmiljö samt föräldra-barn närhet på den neonatala 
intensivvårdsavdelningen och senare lexikala förmågor hos mycket för tidigt 
födda barn. 

Deltagarna var totalt 43 mycket för tidigt födda barn. Avhandlingen 
baserar sig på tre studier. Studie I jämförde LENAs och den mänskliga 
kodarens bedömning av talsegment och antalet ord i omgivningen. I Studie 
II undersöktes barnens lexikala processeringsförmåga (reaktionshastighet och 
korrekthet) vid 18 månaders korrigerad ålder med en eye tracking-baserad lexikal 
processeringsuppgift. Även sambandet mellan den lexikala processingsförmågan 
och ordförrådsutvecklingen analyserades. Ordförrådsutvecklingen vid 12,15 
och 18 månaders korrigerad ålder bedömdes med validerade och normerade 
föräldraskattningsformulär. Studie III undersökte det möjliga sambandet 
mellan språkmiljön samt föräldra-barn närheten på intensivvårdsavdelningen 
för nyfödda och senare lexikala förmågor hos mycket för tidigt födda barn. 
LENA användes för att mäta språkmiljön (vuxenord, verbala turtagningar och 
barnyttranden). Föräldra-barn närheten dokumenterades med närhetsdagböcker. 
Den lexikala processeringen kartlades med processeringsuppgiften och 
ordförrådsutvecklingen med föräldraskattningsformulären. 
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Resultaten från Studie I visade ett starkt samband mellan LENAs och den 
mänskliga kodarens bedömning av antalet ord av vuxna och kvinnor (r = 0.82–
0.96) samt verbala turtagningar i Åbo (r = 0.73). Resultaten från Studie II visade ett 
positivt samband mellan den lexikala processeringsförmågan och den expressiva 
ordförrådsutvecklingen under det andra levnadsåret (r = 0.43−0.58). I en linjär 
regressionsmodell förklarade processeringens korrekthet och barnets kön 40 % 
av den expressiva ordförrådsutvecklingen vid 18 månader. Studie III påvisade 
att positivt samband mellan verbala turtagningar och föräldra-barn närkontakt 
på den neonatala intensivvårdsavdelningen och ordförrådsutvecklingen vid 15 
och 18 månaders ålder (r = 0.37−0.46). Antalet vuxenord korrelerade negativt 
med processeringens korrekthet vid 18 månaders ålder (r = -0.40). I linjära 
regressionsmodeller förklarade verbala turtagningar, föräldra-barn närkontakt 
och barnets kön 34–35 % av receptiv ordförrådsutveckling vid 18 månaders 
ålder. 

Avhandlingen visade att LENAs beräkningar av antalet vuxenord på 
intensivvårdsavdelningen för nyfödda är valida. Resultaten tyder även på att 
den lexikala processeringsuppgiften kan ge användbar och valid information 
om mycket för tidigt födda barns lexikala processeringsförmåga vid 18 
månaders ålder. Avhandlingen visade på ett positivt samband mellan vuxen-
barn verbala turtagningar och båda föräldrarnas närkontakt med barnet på 
intensivvårdsavdelningen för nyfödda och barnets senare ordförrådsutveckling. 
Resultaten tyder dock på att ett högt antal vuxenord nära barnet på 
intensivvårdsavdelningen inte är gynnsamt för barnets senare lexikala 
processeringsförmåga. Mer forskning i större sampel och i senare ålder behövs 
för att utreda sambandet mellan språkmiljön på intensivvårdsavdelningen för 
nyfödda och lexikala förmågor hos mycket för tidigt födda barn. 

Nyckelord: eye tracking, föräldra-barn närhet, hud mot hudkontakt, 
intensivvårdsavdelning för nyfödda, Language Environment Analysis, lexikal 
processering, mycket för tidigt födda, ordförrådsutveckling, språkmiljö
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INTRODUCTION

Annually in Finland, approximately 400 children are born very preterm, that is, 
before 32 gestational weeks of age (Kiuru et al., 2022). Preterm birth is linked 
to neurodevelopmental outcomes (Vohr, 2010) and induces an elevated risk for 
delayed language development and weak language skills (Barre et al., 2011; van 
Noort-van der Spek et al., 2012). To optimize the language outcomes in this group of 
children it is important to investigate the factors that may influence development. 
However, individual variation in the language development of preterm children is 
broad, and the group of children is heterogeneous (Nguyen et al., 2018; Stolt et al., 
2016). Thus, to find the children that need support for language development, it is 
also important to develop sensitive methods of measuring early language abilities.

Multiple complex factors impact the language development of preterm children. 
Very preterm infants are born during a sensitive period of brain development (Cheong 
et al., 2020; DeMaster et al., 2019). Due to the neuroplasticity of the developing brain, 
both early intrinsic and extrinsic factors may influence neurodevelopment (Cheong 
et al., 2020; DeMaster et al., 2019). The time before term age especially is a period of 
rapid brain development (Cheong et al., 2020). Identification of the environmental 
factors that may influence very preterm children’s neurodevelopmental outcomes, 
either positively or negatively, is important to optimize the development (Cheong 
et al., 2020). Further, language acquisition occurs in an interactive social context, 
influenced by the amount and type of language input in the environment (Rowe 
& Weisleder, 2020). Very preterm children spend weeks or months in neonatal 
intensive care, and the language environment in the neonatal intensive care unit 
(NICU) may influence their language development (Caskey et al., 2014). However, 
to evaluate the impact of the NICU language environment, valid methods are 
needed to measure and analyze different factors in the environment.

The Language Environment Analysis (LENA®, Boulder, Colorado) system is a 
method of measuring and analyzing the natural language and sound environment 
of young children (Gilkerson & Richards, 2020). The method has been utilized 
in some non-English languages, including in one study with Finnish-acquiring 
children aged 6−12 months (Elo, 2016) and in one study with Estonian-acquiring 
children aged 3−4 years (Tulviste & Tamm, 2021). Further, the method has been 
used in a limited number of studies to investigate the language environment in the 
NICU (Best et al., 2018; Caskey et al., 2011, 2014). However, the method has not 
been examined in Finnish or Estonian NICU settings. More information on the 
validity of the method from less-studied languages and different NICU settings 
is needed. 

The second year of life is an active phase in the development of lexical 
processing (Fernald et al., 2006) and lexical growth (Stolt et al., 2008). Very 
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preterm children show slower early lexical processing (Marchman et al., 2019) 
and lexical development (Foster-Cohen et al., 2007; Sansavini, Guarini, & Caselli, 
2011; Stolt et al., 2009) than full-term children, and both abilities are predictive 
for later language performance (Marchman et al., 2018; Stolt et al., 2016). Preterm 
children’s early lexical processing and development are interrelated (Marchman 
et al., 2019). Still, the connections are complex and not yet fully known. Early 
lexical processing reaction time (speed) and correct looking time (accuracy) can be 
measured and analyzed by utilizing eye movements in the looking-while-listening 
paradigm (Fernald et al., 2006; Fernald et al., 1998). However, the adaptation 
or usability of the procedure for assessing early lexical processing of Finnish-
acquiring children has not previously been described. 

A body of evidence demonstrates that parental talk (Filippa, 2017; Filippa et 
al., 2013; Saliba et al., 2018; Saliba et al., 2020; Williamson & McGrath, 2019) 
and parent-infant closeness (Flacking et al., 2012; Gonya et al., 2017; Pineda et 
al., 2018; Vohr, 2019; Yrjölä et al., 2022) in the NICU provide benefits for the 
preterm infant. However, studies on the potential long-term associations between 
adult talk and parent-infant closeness in the NICU, and preterm children’s later 
language development, are still very limited. In one study, reported in two articles 
(Caskey et al., 2011, 2014), the LENA-estimated adult word count in the NICU 
at 32 weeks of gestational age was positively associated with language scores 
at 18 months. Also, findings from another study suggest that maternal NICU 
involvement (kangaroo care, skin-to-skin contact) was positively associated with 
the language development of preterm children at 18 months (Lester et al., 2016). 
Still, knowledge of the longitudinal associations is scarce and many factors may 
influence the findings. Homogenous guidelines for the optimal type and amount of 
adult talk in the NICU for language outcomes are still missing (Best et al., 2018). 
Furthermore, more information on the long-term effects of parental involvement 
in the NICU on preterm children’s developmental outcomes is needed (Pineda et 
al., 2018).

The main focus of the present dissertation was to gain knowledge on the role 
of early language environment in the NICU on very preterm children’s lexical 
abilities during the second year of life. The dissertation had two main aims. The 
first aim was methodological. The dissertation investigated the validity of the 
LENA system in the NICUs of Turku University Hospital, Finland and Tallinn 
Children’s Hospital, Estonia. Further, the dissertation examined the usability 
of an eye tracking based lexical processing task to assess the lexical processing 
of Finnish-acquiring very preterm children at 18 months of corrected age and 
provided validity information on the task. The second aim was clinical; to study 
the longitudinal associations between language environment and parent-infant 
closeness in the NICU, and lexical abilities of very preterm children during the 
first part of the second year of life.
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1	 REVIEW OF THE LITERATURE

1.1	 Preterm children and their language development

1.1.1	 Preterm children 

A preterm born child is born before 37 gestational weeks of age or with a birth 
weight of 2 500 grams or less. The degree of prematurity can be categorized 
based on the gestational age at birth or based on birth weight. The sub-categories 
based on gestational age at birth are as follows: moderate to late preterm children 
are born at 32−37 weeks, very preterm children are born at <32 weeks, and 
extremely preterm children are born at <28 weeks of gestation (Shapiro-
Mendoza & Lackritz, 2012; World Health Organization, 2022). The classification 
of prematurity based on birth weight is as follows: low birth weight is defined as 
<2500 grams, very low birth weight as <1500 grams, and extremely low birth 
weight as <1000 grams (Mikkola et al., 2009). Some preterm children also have 
a low birth weight compared to their gestational age at birth and thus, are born 
small for gestational age (SGA). The birth weight of children born SGA can be 
defined as falling below 2 standard deviations (SDs) of the reference population 
(Mikkola et al., 2005). Annually, of all children born in Finland, approximately 
3000 children (6%) are born preterm and approximately 400 (1%) are born very 
preterm or with a very low birth weight (Kiuru et al., 2022). Further, multiple 
gestation increases the risk of preterm birth (Shapiro-Mendoza & Lackritz, 
2012). In a Finnish cohort study, approximately 30% of extremely low birth 
weight preterm children were twins (Mikkola et al., 2005).

1.1.2	 Language development 

Preterm children are at risk for delayed language development and language 
impairments (Barre et al., 2011; Nguyen et al., 2018; van Noort-van der Spek 
et al., 2012; Vohr, 2014). However, the group is heterogeneous with a broad 
individual variation in language development (Nguyen et al., 2018; Stolt et 
al., 2016). Weak language skills in preterm children are often observed in 
combination with other impairments, such as cerebral palsy (CP) and hearing 
impairments (Vohr, 2014). However, importantly, weak language skills are also 
frequent in preterm children without major neurological disabilities (Sansavini, 
Guarini, Savini, et al., 2011; Stolt et al., 2009; Stolt, Matomaki, et al., 2014; van 
Noort-van der Spek et al., 2012; Wolke & Meyer, 1999). Studies reveal delays 
or impairments of preterm children in both receptive and expressive language 
skills and in a range of different language domains, including lexicon (Foster-
Cohen et al., 2007; Sansavini, Guarini, Savini, et al., 2011; Stolt et al., 2009), 
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syntax and morphology (Foster-Cohen et al., 2007; Stolt, Matomaki, et al., 2014), 
semantics (Barre et al., 2011) and social communication (Dudova et al., 2014; 
Ritchie et al., 2015; Sanchez et al., 2019; Sansavini, Guarini, & Caselli, 2011). 
The percentage of preterm children at risk for weak language skills (defined 
as below the 10th percentile value of the control group) is reported to increase 
with age, from 16%−18% at age 2 to 20%−27% at age 5 (Stolt, Matomaki, et al., 
2014). In other samples, weak language skills were found in 25%−30% of the 
preterm children at 24 months (Sansavini, Guarini, & Caselli, 2011) and 31% at 
age 4 (Foster-Cohen et al., 2007).

Language difficulties in preterm children are demonstrated to be persistent, 
and at school age, preterm-born children still show weak skills in complex 
language assignments (Barre et al., 2011; Putnick et al., 2017; van Noort-van 
der Spek et al., 2012; Vohr, 2014). In a Finnish cohort study, extremely low 
birth weight preterm children at age 5 showed significantly poorer language 
performance than those in the full-term population, and 26% were enrolled in 
speech-language therapy (Mikkola et al., 2005). However, other studies have 
not found significant differences between preterm and full-term children’s 
early language development (Cattani et al., 2009; Perez-Pereira, 2021; Perez-
Pereira et al., 2014), which may be related to differences in the characteristics 
of the preterm children in the different samples (Perez-Pereira et al., 2014). 
Additionally, inconsistencies between studies in reported percentages of weak 
language skills of preterm children may also be related to differences in age 
points of language assessments, assessment instruments used, or environmental 
factors in different NICUs (Stolt, Matomaki, et al., 2014).

Due to the elevated risk of language impairments in preterm children, studies 
emphasize the importance of early language assessments (Nguyen et al., 2018; 
Stolt et al., 2009; Vohr, 2014). According to the European Standards of Care 
for Newborn Health, standardized language assessments and evaluations of 
preterm children are recommended to be conducted by 2 years of age (Sansavini 
et al., 2018). Early identification of preterm children with weak language skills 
might be challenging. Their early language development might be within low 
average, but their performance will not catch up and will remain on a lower 
level than the language functioning of same-aged peers (Nguyen et al., 2018). 
Thus, studies recommend the use of language-sensitive methods, specifically 
developed to detect language impairments, to ensure early identification of 
preterm children with weak language skills (Stolt, Matomaki, et al., 2014). 

1.1.3	 Factors influencing language development

Complex factors and mechanisms contribute to children’s language development. 
Very preterm infants are born during the third trimester of the pregnancy when 
neural migration and differentiation are still progressing, and the development 



17

Review of the literature

of the networks of the brain is in an active phase (Cheong et al., 2020). Due to 
this critical phase of development, the brain is especially vulnerable to both 
compromised maturation and brain injuries (Cheong et al., 2020; DeMaster 
et al., 2019). During such a period of vulnerability and neuroplasticity, the 
developing brain can be affected by harmful incidents, but can also adapt to 
positively influencing factors (DeMaster et al., 2019). 

Low gestational age and low birth weight are risk factors for language 
impairments in preterm children (Foster-Cohen et al., 2007; Gayraud & Kern, 
2007; Putnick et al., 2017; Vohr, 2014; Yaari et al., 2018). Children born very 
preterm exhibit a higher risk for language impairments than children born 
moderately or late preterm (Putnick et al., 2017). The risk of brain injury is also 
often related to degree of prematurity (Vohr, 2010). Intraventricular hemorrhage 
(IVH) may cause secondary brain injuries of different grades of severity. A severe 
grade of IVH especially may cause neurodevelopmental impairments or CP 
(Mikkola et al., 2005). In a Finnish cohort study, 14% of the extremely low birth 
weight preterm children were diagnosed with CP (Mikkola et al., 2005). In the 
same study, the children born SGA scored lower in language tests at 5 years of 
age than the children born appropriate for gestational age (Mikkola et al., 2005).

Other comorbidities related to language or neurodevelopmental disabilities 
in preterm children are hearing impairments and eye disease retinopathy of 
prematurity (Mikkola et al., 2005; Månsson et al., 2015; Vohr, 2010, 2014). 
Moreover, research shows that the chronic lung disease bronchopulmonary 
dysplasia (BPD) contributed to an increased risk for delayed language 
development of preterm children at 24 months (Sansavini, Guarini, Savini, et al., 
2011). Further, another study reported that preterm children with BPD exhibited 
especially weaker receptive language skills at 8 years than preterm children 
without BPD (Lewis et al., 2002). Male gender is also considered a risk factor 
for an adverse neurodevelopmental outcome in preterm children (Mikkola et 
al., 2005) and studies report poorer early language skills in preterm boys than 
in preterm girls (Månsson et al., 2015; Sanchez et al., 2019; Sansavini et al., 
2006). It is proposed that the male preterm brain may be more at risk for early 
injuries (Vohr, 2010) or that the impact of preterm birth on boys is amplified 
by other risk factors associated with the male gender (Sansavini et al., 2006). 
In contrast, other studies have not found significant gender differences in the 
early language development of preterm children in the samples investigated 
(Foster-Cohen et al., 2007; Gayraud & Kern, 2007; Stolt et al., 2007). However, 
the male gender is still an established risk factor for language impairments in 
full-term children (Rudolph, 2017). 

Models on neuroplasticity describe how environmental factors may influence 
the developmental outcomes of preterm children (DeMaster et al., 2019). Early 
environmental factors include the language environment (Caskey et al., 2014; 
Vohr, 2014) and caregiver-infant closeness or interaction (Cheong et al., 2020; 



18

Review of the literature

DeMaster et al., 2019) in the NICU. Further, studies also recognize the influence 
of family factors and parent-child interaction (Foster-Cohen et al., 2010; Nguyen 
et al., 2019) and parental education level (Nguyen et al., 2019) on preterm 
children’s language skills later in childhood. Moreover, the research emphasizes 
the significance of comorbidity (Mikkola et al., 2005; Vohr, 2014), for example, 
factors such as brain maturation, brain injury, and environment may jointly 
contribute to language outcome in the preterm child. 

To conclude, considering the substantial risk of persistent weak language 
skills in preterm children, it is important to investigate the early language 
environment of preterm children to fully understand its’ possible effects on 
the language development of very preterm children. Additionally, it is essential 
to modify and validate assessment methods, to ensure reliable and efficient 
identification of the individuals that need early follow-up and support. 

1.2	 Language environment and parent-infant closeness in 
the neonatal intensive care unit

1.2.1	 Language environment

The language and sound environment in the NICU are significant factors because 
preterm children are born during a critical period of auditory development. 
The maturation of the auditory system and auditory development start during 
pregnancy (Graven & Browne, 2008; McMahon et al., 2012). The function of the 
auditory system commences around 25 weeks of gestation, which is the onset 
of the most essential time of auditory development (Graven & Browne, 2008). 
In utero, the fetus receives auditory stimuli through bone conduction and high-
frequency sounds are filtered by tissues and fluid (Graven & Browne, 2008). The 
intrauterine auditory environment consists of prosodic speech characteristics 
and low-level sounds (Moon, 2017; Philbin, 2017). The most prominent part of the 
sound environment is the maternal voice (Kisilevsky et al., 2009). Additionally, 
the fetus experiences sound of maternal cardiac and digestive functions (Moon, 
2017). 

Auditory input from the environment is crucial for the development of the 
auditory cortex (McMahon et al., 2012). From 28−29 weeks of gestation, the hair 
cells in the cochlea can start capturing different sound frequencies, beginning 
with low-frequency sounds (Graven & Browne, 2008). For the fine development 
of the hair cells and the neural connections in the cochlea, the infant needs to 
hear familiar voices and meaningful sounds (Graven & Browne, 2008). Studies 
report that fetuses of 33−41 weeks of gestation recognized their mothers’ voices 
and their native language (Kisilevsky et al., 2009). Further, in another study, the 
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fetuses responded to the mothers’ voices by moving or with changes in heart 
rate at 36 weeks of gestation (Voegtline et al., 2013). 

The language and sound environment of preterm infants in the NICU differs 
considerably from the intrauterine environment of full-term peers at the same 
gestational age (Best et al., 2018). Preterm birth induces spatial hearing and 
enables exposure to high-frequency sounds (Graven & Browne, 2008). Besides 
different human voices, preterm infants in the NICU experience silence, and 
environmental sounds of various duration, including sounds from medical 
equipment (Philbin, 2017). Preterm infants are sensitive to acoustic stimuli 
(Kuhn et al., 2017; Rand & Lahav, 2014). Research argues that due to the very 
early experiences of hearing different voices in the NICU, very preterm infants 
possess a higher level of auditory processing of human voices at term age, 
compared with full-term new-borns (Adam-Darque et al., 2020).

Already in the NICU, the preterm infants learn communication and language 
in a social and interactive context (Gratier & Devouche, 2017). The NICU language 
environment contains different amounts or types of parental or adult talk. 
Studies describe how different features in the NICU language environment elicit 
different reactions in the preterm infants. The preterm infant reacts differently 
to familiar and unfamiliar voices (Kuhn et al., 2017) and prefers the mother’s 
voice (Filippa et al., 2013). Further, preterm infants are sensitive to the infant-
directed speech of both parents (Saliba et al., 2020).

The language environment in the NICU may influence the early vocalizations 
of preterm infants. During the first months of life, infants produce vegetative 
sounds (e.g., coughs, burps), fixed vocal signals (e.g., cries) and primary speech-
precursor vocalizations (protophones) (Oller, 2000; Oller et al., 1999). Studies 
performed in the NICU report that very preterm infants already vocalize by 
producing protophones, i.e., vocants, squeals, and growls, by 32 weeks of 
gestational age (Caskey et al., 2011; Caskey & Vohr, 2013; Oller et al., 2019). 
In the study by Oller et al. (2019), the infants produced protophones more 
frequently than cries at 32 weeks of gestational age. Other utterances of the 
infants consisted of vegetative sounds, i.e., burps, hiccups and sneezes, and 
cries, which included wailing and whimpering (Oller et al., 2019).

Very preterm infants at 32 gestational weeks’ age have been reported to 
vocalize more when parents are present (Caskey & Vohr, 2013), but also to 
exploratively vocalize when they are alone in the room (Oller et al., 2019). 
Further, studies from the NICU report that caregivers are already engaging 
infants conversationally at 32 weeks of gestational age (Caskey et al., 2011; 
Caskey & Vohr, 2013; Oller et al., 2019). Also, more adult talk and more adult-
infant conversational turns were measured in the NICU when the parents were 
visiting (Caskey et al., 2011).

The sound and language environments may differ in different types of NICU 
units. An open-bay NICU unit may be noisy and obstruct relevant language 
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input (Rand & Lahav, 2014). Single-family rooms are found to be more silent 
than the open-bay NICU environment and to elicit more meaningful adult words 
(Pineda et al., 2017). However, other studies argue that a single-family room unit 
may not provide enough language stimuli (Rand & Lahav, 2014). Nonetheless, a 
systematic review and meta-analysis on the language environment in the NICU 
concluded that the sound environment in both open-bay and single-family room 
units often contains low amounts of talk and high sound levels (Best et al., 2018). 
Importantly, besides the mere physical environment, the activities of the adults 
near the infant are the important factors in providing the auditory experiences 
of the preterm infant (Best et al., 2018; Vohr, 2019). Still, more information on 
the preterm infant’s early auditory perception and on the impact of different 
types of auditory experiences on development is needed (Kuhn et al., 2017).

The auditory sensitivity of the preterm infant and the considerable impact 
of early auditory stimuli highlight the significance of modulating the auditory 
input in the NICU (Adam-Darque et al., 2020). Elevated noise levels in the NICU 
environment are connected with negative short-term effects on preterm infants’ 
cardiac and respiratory functions (McMahon et al., 2012) and possible long-
term effects on later neurodevelopment (Wachman & Lahav, 2011). Continuous 
background noise at 60 dB levels can compromise the fine-tuning of auditory 
development, the discrimination of sound frequencies and the recognition of 
meaningful sounds (Graven & Browne, 2008). Thus, the preterm infant needs to 
be protected against harmful noise, and caregivers need to sensitively monitor 
and respond to the infant’s reactions to auditory stimuli (McMahon et al., 2012). 

Very preterm children spend weeks or months in the NICU at a critical and 
sensitive developmental stage, and protective guidelines are necessary. NICU 
environment standards strive to establish optimal medical care and facilities 
for the infant, the families, and the hospital staff (White, 2020). The acoustical 
environment standards include guidelines to prevent background noise and 
distractive sounds, and assure speech privacy and intelligibility in infant 
facilities (White, 2020). However, a consensus regarding the optimal type and 
amount of adult talk and language environment in the NICU for later language 
outcome has not yet been reached (Best et al., 2018). 

1.2.2	 The Language Environment Analysis system

The Language Environment Analysis (LENA®, Boulder, Colorado) system is 
a method developed for recording and analyzing the natural language and 
sound environment of young children (Gilkerson & Richards, 2020). The 
original aim of the method was to measure language environment (Gilkerson 
et al., 2017), to identify adult words and child vocalizations, and to provide 
feedback on adult behavior (Gilkerson & Richards, 2020). Based on speech-
identification algorithms, the LENA system categorizes sounds into speech 
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segments and provides automatic estimates of the number of adult words, 
adult-child conversational turns, and child vocalizations along with the duration 
of non-speech environmental sounds and silence near the child (Gilkerson & 
Richards, 2020; Xu et al., 2008). The LENA system was originally validated 
in the American-English language setting for children ages 2−48 months. The 
development and standardization process and the validity and reliability of the 
method have been described in studies and technical reports (Gilkerson et al., 
2008; Gilkerson & Richards, 2008; Gilkerson et al., 2017; Xu et al., 2009; Xu 
et al., 2008).

The advantages of the LENA system include being an unintrusive and 
easily administered instrument for gathering data on environmental factors 
that influence language development (Caskey & Vohr, 2013; Wang et al., 2017). 
Furthermore, LENA can be used as a tool to monitor the efficacy of intervention 
programs (Bredin-Oja et al., 2018; Caskey & Vohr, 2013; Wang et al., 2017). 
However, the LENA system also has limitations. Overlapping noise or talk may 
compromise the validity of the estimates (Ganek & Eriks-Brophy, 2018b; Wang et 
al., 2017). Moreover, the LENA system does not provide a complete picture of the 
child’s language environment, because the system does not measure nonverbal 
or quality aspects of language or communication (Caskey & Vohr, 2013; Wang 
et al., 2017). Accordingly, the LENA system does not differentiate overheard 
speech from infant-directed speech (Gilkerson & Richards, 2020; Gilkerson et 
al., 2017). Infant-directed speech, which caregivers typically use with young 
children, is characterized by varied intonation, clarified phonology, simplified 
grammar, and multiple repetitions, and is found to support language acquisition 
(e.g. Rowe & Snow, 2020; Zauche et al., 2016). The conversational turn count, the 
LENA variable that measures adult-child conversational turn-taking, is more 
likely to contain infant-directed speech and include a higher degree of adult-child 
interaction than the adult word count (Gilkerson et al., 2018; Wang et al., 2020). 

Validity information on the automatic estimates of the LENA system is 
needed to interpret the data from different groups of children, settings, and 
language contexts (Ganek & Eriks-Brophy, 2018b; Gilkerson et al., 2017). Because 
different languages possess different word properties, grammatical structures, 
and prosodic and fundamental voice frequency features, the validity of the 
LENA system’s measures may vary in different language settings. The validity 
or reliability of the LENA-provided automated estimates has been investigated 
in some non-English language contexts (Bruyneel et al., 2021; Canault et al., 
2016; Elo, 2016; Ganek & Eriks-Brophy, 2018a; Gilkerson et al., 2015; Pae et al., 
2016; Schwarz et al., 2017). Generally, the findings have shown high agreement 
for LENA-estimated adult word count (r = 0.64−0.95) compared to human-
provided estimates (Bruyneel et al., 2021; Canault et al., 2016; Schwarz et al., 
2017; Weisleder & Fernald, 2013). A few studies have reported lower agreement 
for the conversational turn count than for the adult word count, and the 
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conversational turn count appears to be sensitive to disturbances of noise or 
overlapping speech in the environment (Bruyneel et al., 2021; Pae et al., 2016). 
However, to my knowledge, the validity of the LENA estimates of vocalizations 
of very preterm infants in the NICU has not been evaluated.

A recent evaluation of the accuracy of the LENA automatic measures from five 
different corpora, including a sample of older children from a language setting 
in Bolivia, reported relatively high accuracy for the LENA-estimated adult word 
and child vocalization counts (Cristia et al., 2021). However, the identification 
of male speech and the accuracy of LENA-estimated conversational turn count 
was shown to be weaker (Cristia et al., 2021). Further, the LENA system tended 
to underestimate the number of conversational turns and child vocalizations 
(Cristia et al., 2021). The evaluation concluded that the LENA measures are 
particularly suitable for comparing numbers of adult words during the day or in 
different settings. However, the information provided by the LENA system has 
to be used with caution, for example when comparing the numbers of female 
and male words (Cristia et al., 2021). Still, the agreement between the LENA 
automatic estimates and human coder estimates cannot be expected to be as 
high as the agreements between two human coders (Cristia et al., 2021).

Thus far, the LENA system has been used only in one study in the Finnish 
language setting, investigating the language environment of 6−12-month-
old children (Elo, 2016). According to the findings, the LENA system reliably 
identified female and child speech, while the LENA measurements of male 
speech showed less reliability (Elo, 2016). In the Estonian language context, 
the LENA system has been used in a study with children 3 and 4 years of 
age (Tulviste & Tamm, 2021). However, to my knowledge, the validity of LENA 
automatic estimates in the Estonian language setting has not been reported. 

The Finnish and Estonian languages both belong to the Finno-Ugric 
language group and share several linguistic features. Both languages are rich 
in diphthongs (Karlsson, 2008; Remes, 2015). The word stress is typically placed 
on the first syllable of a word (Karlsson, 2008; Remes, 2015) and the intonation 
is falling towards the end of the sentence (Karlsson, 2008). The fundamental 
voice frequency of Finnish-speaking female university students is described as 
lower than the frequency reported in international samples (Leino et al., 2008). 
Also, the Finnish and Estonian languages exhibit differences in phonological, 
lexical, and grammatical features (Remes, 2015). Finnish is a predominantly 
agglutinative language, in which grammatical forms are built by adding suffixes 
to a word stem (Karlsson, 2008; Remes, 2015). The words are often rather long. 
The Estonian morphology has developed towards a more mixed system with 
agglutinative features, and the words tend to be shorter than the Finnish words 
(Remes, 2015).

The LENA system has been utilized in a few studies to investigate the language 
and sound environment in NICU settings, both in open bay units (Caskey et al., 
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2011, 2014; Caskey & Vohr, 2013; Oller et al., 2019; Pineda et al., 2017) and in 
single-family rooms (Chow & Shellhaas, 2016; Pineda et al., 2017). In an open 
bay NICU, the correlation between LENA measures of adult word count from 
5-minute segments from five recordings was r = 0.93 (Caskey et al., 2014). Due 
to the small number of studies completed so far, more validity information from 
different NICU settings is needed (see also Wang et al., 2017). Factors such as 
NICU facilities, parental presence, or interaction may influence the language 
environment (Best et al., 2018) and may thus also influence the data obtained in 
different studies. Open bay units may contain more overlapping talk and noise 
(Rand & Lahav, 2014), factors that may influence the LENA estimates (Canault 
et al., 2016; Xu et al., 2008). Further, single-family rooms are associated with 
lower sound levels (Philbin, 2017; Pineda et al., 2017) and increased parental 
presence (Kainiemi et al., 2021) than open bay units.

1.2.3	 Parent-infant closeness 

Parent-infant closeness in the NICU can be described as emotional and physical 
closeness, and both aspects are essential for the well-being of the preterm infant 
and the parents (Flacking et al., 2012). Close physical contact is considered 
an essential factor in establishing the parent-infant relationship and emotional 
connection (Flacking et al., 2012). Physical closeness factors in the NICU include 
parental presence, participation and holding of the infant, and parent-infant 
skin-to-skin contact (Flacking et al., 2012; Raiskila et al., 2017). A large body of 
evidence describes the significance of parental presence and involvement in the 
NICU (Pineda et al., 2018; Reynolds et al., 2013; Vohr, 2019). Skin-to-skin contact 
(kangaroo care), in which the infant is laid without clothes on the parent’s bare 
chest, is an established and evidence-based practice, found to be beneficial for 
both the infant and the parents (Gonya et al., 2017; Moore et al., 2016). 

Preterm birth is stressful for the parents. Mothers and fathers of preterm 
children report higher rates of psychological and parenting stress during the first 
two years after the birth of the child, compared with parents of full-term children 
(Treyvaud, 2013). A large body of research emphasizes the significance of early 
support for parents of preterm children (DeMaster et al., 2019; Latva et al., 2008; 
Muller-Nix et al., 2004; Treyvaud et al., 2009; Treyvaud et al., 2019). Studies 
especially emphasize the importance of supporting mothers who experience 
stress (Muller-Nix et al., 2004) or negative emotions (Latva et al., 2008) linked 
to the birth of their preterm infant. Best practice guidelines to support parents 
in the NICU include family-centered care, psychosocial support for parents, 
and early intervention programs focusing on the parent-infant relationship 
(Treyvaud et al., 2019).

Preterm birth also influences early parent-infant interaction, as the neonatal 
intensive care may limit the opportunities for interaction (DeMaster et al., 2019). 
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A systematic review on the mother-preterm infant relationship revealed that 
preterm birth does not necessarily constitute an elevated risk for preterm infants 
to establish an insecure attachment to their mothers, compared with full-term 
infants (Korja et al., 2012). Nonetheless, the review noted some differences in 
the early interaction between mothers and preterm infants, compared with the 
interaction in full-term groups (Korja et al., 2012). Mothers of preterm infants 
were described to be less sensitive and more controlling in their interaction 
with the infant than mothers of full-term children, which might be related to 
stress or early separation (Korja et al., 2012). However, a meta-analysis noted 
remarkable inconsistencies between different studies and did not find significant 
differences in the sensitivity or responsiveness between mothers of preterm 
and full-term children (Bilgin & Wolke, 2015). Further, the infant’s condition 
or capacity may also influence and form the development of the parent-infant 
interaction (Rowe & Weisleder, 2020). The preterm infant’s characteristics or 
health, such as immaturity, may influence how the parent can engage the infant 
in early reciprocal interaction (Korja et al., 2012; Landry et al., 1997). Preterm 
infants tend to be more passive and less attentive than full-term infants, which in 
turn might influence the interactive strategies of the mothers (Korja et al., 2012). 

A sensitive and less controlling parenting style is shown to be positively 
associated with language development, especially in high-risk preterm children 
(Landry et al., 1997). In a Finnish prospective longitudinal study (Stolt, Korja, 
et al., 2014), the findings revealed different connections between mother-child 
interaction and language development in full-term and preterm groups. In the 
preterm group, mother-child interaction, especially at 6 months, was linked to 
the children’s language performance at 24 months, emphasizing the importance 
of early mother-child interaction for language outcome (Stolt, Korja, et al., 2014). 

Parent-infant closeness in the NICU is supported by care cultures and 
facilities developed to favor family-centered care and parental presence 
(Flacking et al., 2012). When planning and building new NICU facilities, there 
has been a shift from open bay units to single-family rooms (Flacking et al., 2012; 
Lester et al., 2011). Lester et al. (2011) list factors that presumably are positively 
affected by implementing single-family room care, including family-centered 
care, family factors, and medical practices (Lester et al., 2011). Family factors 
include psychological support, such as preventing parental stress and depression 
(Lester et al., 2011) and support for parenting behavior, such as parent-infant 
closeness, parental privacy and staying overnight (Flacking et al., 2012). Family 
and parent factors are described as mediating factors that are likely to contribute 
to optimizing neurobehavioral outcomes of preterm infants (Lester et al., 2011).

Systematic reviews and meta-analyses have found considerable support 
for single-family room care (van Veenendaal et al., 2019; van Veenendaal et 
al., 2020), including more parental involvement and skin-to-skin care (van 
Veenendaal et al., 2020). Nonetheless, more knowledge is needed on the long-
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term effects of single-family room care on developmental outcomes. One study 
has reported positive associations between single-family room care in the NICU 
and language scores of very preterm children at 18−24 months of age (Vohr et al., 
2017). Still, a systematic review and meta-analysis did not detect differences in 
the long-term neurodevelopment outcomes between extremely preterm infants 
cared for in single family rooms or open bay units (van Veenendaal et al., 2019).

In the NICU of the Turku University Hospital, from which the data of the 
present study mainly have been collected, the implementation of the Close 
Collaboration with Parents intervention increased both the duration of parental 
presence and the mother-infant skin-to-skin contact (He et al., 2021; Toivonen et 
al., 2020). The Close Collaboration with Parents intervention was developed to 
promote the skills of the NICU staff to communicate and collaborate with parents 
to support parental involvement, the parent-infant relationship and the infant’s 
development (Ahlqvist-Björkroth et al., 2017). After the Close Collaboration with 
Parents intervention, the NICU shifted from shared family rooms to single-
family rooms (Kainiemi et al., 2021). The shift further increased the duration 
of parental presence, but not the duration of parent-infant skin-to-skin contact 
(Kainiemi et al., 2021). The authors discuss that the findings might be related 
to the already implemented family-centered care culture, established before the 
shift to single-family rooms. Thus, the new single-family room architecture did 
not further increase parent-infant skin-to-skin contact.

1.3	 Early lexical abilities of preterm children

1.3.1	 Lexical processing 

Lexical processing can be described as the ability to interpret and identify spoken 
words and match them with the correct referent (Fernald et al., 2008; Marchman 
& Fernald, 2013). Speech perception development starts during the pregnancy 
(Moon, 2017) and is formed by early auditory experience (Curtin & Archer, 2015; 
Curtin & Hufnagle, 2009). A newborn infant can already differentiate between 
speech and non-speech sounds (Curtin & Archer, 2015; Curtin & Hufnagle, 
2009). Further, during the first six months of life, the infant can discriminate 
both native and non-native speech sound contrasts (Curtin & Archer, 2015; 
Curtin & Hufnagle, 2009). However, from the second part of the first year of life, 
speech perception is reorganized towards language-specific discrimination, also 
described as perceptual narrowing (Curtin & Archer, 2015; Curtin & Hufnagle, 
2009). This discrimination is influenced by sensitivity to crucial contrasts and 
regularities of the native language (Curtin & Hufnagle, 2009). Between 6 and 
8 months of age, the child learns to segment the continuous auditory input 
into separate word units (Curtin & Archer, 2015; Curtin & Hufnagle, 2009). By 
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approximately the end of the first year of life, the child can identify single familiar 
words in fluent speech (Curtin & Archer, 2015; Curtin & Hufnagle, 2009). 

The second year of life is an active phase in the development of lexical 
processing and the child can react more rapidly to spoken words in the 
environment (Fernald et al., 2006). Concurrently, the processing speed 
accelerates and the processing accuracy increases (Fernald et al., 1998). From 
approximately 18 months of age, children can identify words and combine them 
with the corresponding images based on hearing only the initial phonemes of the 
word (Fernald et al., 2001). Further, lexical processing is suggested to be related 
to factors such as overall cognitive processing (Fernald et al., 2006), as well as 
attention, auditory memory and integration of auditory and visual perception 
(Fernald & Marchman, 2012; Fernald et al., 2001; Marchman & Fernald, 2013).

The influence of preterm birth on attention, memory, and processing 
abilities is complex. Several studies show that preterm children exhibit poorer 
early processing skills than their full-term peers, and that early processing is 
connected to later language or cognitive performance. In a study examining 
links between early processing and developmental outcomes, preterm children 
at 6 and 9 months showed poorer processing skills than full-term children, and 
the processing skills were associated with later cognitive and language scores 
(Ortiz-Mantilla et al., 2008). Another study revealed poorer performance in 
information processing by preterm children at 7 months of age than of their 
full-term peers (Rose et al., 2005). Further, processing speed was found to be 
related to memory skills, which in turn were connected to cognitive outcome 
at 2 and 3 years of age (Rose et al., 2005). Also, preterm children at 4 years 
of age exhibited weaker speech-sound discrimination than full-term controls, 
and the sound discrimination skills were associated with naming abilities 
(Jansson-Verkasalo et al., 2003). At age 5, preterm children also showed weaker 
performance in attention, working memory and processing speed than full-term 
controls (Potharst et al., 2013). A review on the neuropsychological development 
of preterm children (Sansavini, Guarini, & Caselli, 2011) concluded that preterm 
children show atypical trajectories in a range of neuropsychological abilities 
related to attention, memory and language processing. However, the individual 
neuropsychological profiles of the preterm children show a broad variation. Mild 
neuropsychological impairments across several domains are more frequent than 
severe cognitive or perceptual disabilities (Sansavini, Guarini, & Caselli, 2011).

Early lexical processing can be assessed by utilizing the looking-while-
listening procedure developed by Fernald and colleagues (Fernald et al., 1998), 
which is considered an easily administered, valid and reliable method (Fernald 
et al., 2008). During the assessment, the child’s eye movements are continuously 
measured while the child watches images and listens to phrases containing a 
target word referring to one of the images (Fernald et al., 2008). Further, eye 
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tracking technology has been utilized to automatically measure the child’s eye 
movements during the procedure (Donnelly & Kidd, 2020). 

Traditional assessment methods evaluate the child’s understanding of a 
target word after the child has heard the word. However, in everyday situations, 
understanding occurs simultaneously as words and sentences are continuously 
processed. Thus, it is important to assess processing skills during the listening 
moment, as implemented in the looking-while-listening paradigm, and not just 
after the event (Fernald et al., 2006; Marchman & Fernald, 2013). Accordingly, 
the looking-while-listening task can be considered comparable to an everyday 
situation when a child hears a word that is quickly required to be identified based 
on the available visual clues (Loi et al., 2017). Furthermore, the child’s early 
receptive skills may be more challenging for the caregivers to estimate than the 
expressive skills (Feldman et al., 2000; Marchman & Fernald, 2013). Thus, the 
processing assessment may contribute to identify developing skills of the child 
that might be challenging to detect in regular daily situations (Fernald et al., 
2006) and, accordingly, to document in parent report form methods (Marchman 
& Fernald, 2013), which are widely used instruments to measure early lexical 
development.

Primary variables of the looking-while-listening procedure are reaction time 
(speed), the time when the child looks from the distracter image to the target 
image, and correct looking time (accuracy), the proportion of time looking at the 
target image out of the total looking time (Fernald et al., 2006). Reaction time 
measures the speed of interpreting visual stimuli explicitly based on language 
input, rather than the speed of general visual orientation (Fernald et al., 2006). 
Because reaction time measures speed and correct looking time measures the 
proportion of time looking at the target image, the variables measure different 
aspects of lexical processing. In full-term children, reaction time has been 
shown to decrease significantly with age and correct looking time to increase 
significantly with age (Fernald et al., 2006). 

In the looking-while-listening procedure, the data are analyzed from a 
selected time window, measured from the onset of the target word. The lower 
cut off point of the time window is usually 200 milliseconds (ms) from the target 
word onset, while the upper cut off point can slightly vary from study to study 
(Fernald et al., 2008). In studies measuring reaction time, the time window has 
ranged between 200 and 2300 ms from target word onset (Egger et al., 2020). 
When measuring accuracy, a specific time window of interest can be utilized 
(Fernald et al., 2008). Some studies on young infants have separately analyzed 
lexical processing data from an early (300−1800 ms) and a late (1800−3300 ms) 
time window (Lany et al., 2018). Further, time windows have been prolonged in 
processing tasks with different types of target words, for instance with adjective-
noun target phrases (Fernald et al., 2010) and verbs (Valleau et al., 2018), to 
permit the child time to process the sentences.
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In preterm children, the looking-while-listening paradigm has been used in 
only a few studies to compare the early processing skills of preterm and full-
term children during the second year of life (Loi et al., 2017; Marchman et al., 
2019; Ramon-Casas et al., 2013). Findings from some of those studies show that 
preterm children exhibited slower or less accurate processing, compared with 
full-term peers (Marchman et al., 2019; Ramon-Casas et al., 2013). Nonetheless, 
in another study, the processing efficiency of very preterm children at 18 months 
was comparable to the performance in the full-term group, when corrected age 
was applied (Loi et al., 2017). Because the number of studies on lexical processing 
of preterm children is still limited, more research-based information is necessary 
to fully comprehend the processing skills in this group of at-risk children.

1.3.2	 Lexical development 

The child’s early lexicon is part of core language skills (Bornstein et al., 2016). 
The lexicon consists of receptive lexical skills, the words the child understands, 
and expressive lexical skills, the words the child produces (Stolt et al., 2008). 
Receptive and expressive lexical skills exhibit different trajectories during the 
second year of life (e.g. Clark, 2015; Fenson et al., 1994; Lyytinen, 1999). After 
the onset of word understanding by the end of the first year (Fenson et al., 1994), 
the child’s receptive lexicon grows rapidly during the first part of the second year 
of life (e.g. Lyytinen, 1999; Stolt et al., 2008). The acquisition of the expressive 
lexicon is initially slow. At 12 months, the child typically produces only a few 
words, but the number of produced words grows rapidly between 15 and 18 
months (e.g. Fenson et al., 1994; Lyytinen, 1999; Stolt et al., 2008). Individual 
variation in early lexical skills is broad, and broader in receptive skills than in 
expressive skills (e.g. Stolt et al., 2008). The child’s early lexical skills constitute 
the base for later lexical and grammar development, and the predictive value 
of early lexical skills is especially strong in groups at risk for weak language 
skills (Stolt, 2019).

During the second year of life, preterm children show slower lexical 
development than their full-term peers. In a Finnish longitudinal study, the 
receptive lexicon of preterm children born between 23 and 34 gestational weeks 
was smaller at 12 and 15 months, compared with the lexicon of their full-term 
peers (Stolt et al., 2009). However, at this age, no significant differences were 
found between the preterm and the full-term group in the size of the expressive 
lexicon (Stolt et al., 2009). Weak language processing skills may contribute to 
the slower receptive lexical acquisition of preterm children (Stolt et al., 2009).

Further, at 2 years, weak language skills were found in 16%−18%, and at 5 
years of age, in 20%−27% of the preterm children, compared with 8%−10% in 
the control group (Stolt, Matomaki, et al., 2014). In an Italian longitudinal study, 
20% of preterm children showed delayed expressive lexical development at 2 
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years (Sansavini, Guarini, Savini, et al., 2011). Moreover, studies report stronger 
associations between different language domains in preterm children during the 
second year of life than in the full-term group, such as associations between 
the receptive and expressive lexicon (Sansavini, Guarini, Savini, et al., 2011). 

Early lexical development of preterm children has been shown to predict 
later language outcomes. In a Finnish longitudinal study on preterm children, 
receptive lexical skills from 12 months showed a predictive value for language 
skills at 2 years (Stolt et al., 2009; Stolt, Makila, et al., 2014). Further, early 
vocalizations were associated with language performance at 2 years (Stolt et 
al., 2012). In an Italian longitudinal study, both receptive and expressive lexical 
development of preterm children at 12 and 18 months predicted expressive 
words at 2 years (Sansavini, Guarini, Savini, et al., 2011). Furthermore, preterm 
children’s receptive language abilities at 2 years of age have been reported 
to predict language outcomes at 5 years (Stolt et al., 2016). Early receptive 
language skills can be regarded as important factors for preterm children’s 
later language outcome, which might be explained by the fact that receptive 
language development incorporates all areas of language acquisition, including 
understanding of grammatical structures (Stolt et al., 2016). 

Multiple studies emphasize the importance of early identification of weak 
language skills in the at-risk group of preterm children (Nguyen et al., 2018; 
Sansavini et al., 2010; Stolt et al., 2009; Vohr, 2014). However, accurate and 
sensitive instruments are required to assess early language development. Formal 
clinical language assessment of young children is challenging and influenced by 
diverse factors related to the assessment situation, the child, or the proficiency 
of the clinician (Fenson, 2007; Fenson et al., 2000; Law & Roy, 2008). Validated 
and normed parent report form instruments, where parents mark, for instance, 
the words the child understands and produces or the child’s communication 
abilities on checklists, are widely used instruments for screening early lexical, 
language and communication skills (Feldman et al., 2005; Fenson, 2007; Fenson 
et al., 2000; Law & Roy, 2008; Wetherby et al., 2002). Parents are found to 
provide mainly correct information (Law & Roy, 2008); also, for children at 
12−24 months of age, the validity was established by a concurrent face-to-face 
evaluation (Wetherby et al., 2002). The features of the instrument also enhance 
the reliability and validity, because the parents are asked to report only the 
current performance of their child, and the items are presented on structured 
checklists with appropriate alternatives (Fenson, 2007).

The short form version of the MacArthur Communicative Development 
Inventories (Fenson et al., 2000); Finnish version (FinCDI-SF; Stolt & 
Vehkavuori, 2018) and the Communication and Symbolic Behavior Scales, 
Developmental Profile, Infant-Toddler Checklist (Wetherby et al., 2002); Finnish 
version (FinCSBS-ITC; Laakso et al., 2011) are two different parent report form 
screening instruments developed for young children. Both tools are shown to 
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provide valid information on different aspects of early language development 
during the second year of life (Laakso et al., 2011; Stolt & Vehkavuori, 2018). 
According to the validation study on the FinCDI-SF, the method is a valid 
instrument especially for assessing lexical development at 18 months of age (Stolt 
& Vehkavuori, 2018). The validation study of the FinCSBS-ITC demonstrated 
that the Symbolic Composite (understanding and object use) was most reliable 
at 12−18 months, and the Speech Composite (sound and word production) was 
most usable from 15 months of age (Laakso et al., 2011). 

More information on the usability of the screening instruments in at-risk 
populations is needed (Vehkavuori & Stolt, 2018). Studies on the use of screening 
methods with preterm children during the second year of life are scarce. To 
my knowledge, the short form version of the MacArthur Communicative 
Development Inventories has been used only in one study (the Italian version) 
evaluating the lexical development of very preterm children between 12 and 24 
months (Sansavini, Guarini, Savini, et al., 2011). Additionally, the Communication 
and Symbolic Behavior Scales, Developmental Profile, Infant-Toddler Checklist 
has been used in a study investigating the early language and communication 
development of preterm children at 24 months (Sanchez et al., 2019) and 
specifically to screen for autism spectrum disorders in preterm children at 24 
months (Beranova et al., 2017; Dudova et al., 2014). 

1.3.3	 Associations between lexical processing and lexical development 

Connections between speech perception and lexical development are reported 
from an early age. Tsao and colleagues (Tsao et al., 2004) found that speech 
perception at 6 months of age, measured with a vowel sound discrimination task, 
was associated with receptive and expressive lexical development at 13, 16, and 
24 months of age. At a later age, several studies describe how processing skills 
during the second year of life, measured with looking-while-listening tasks, 
are connected to prior lexical growth, and language and cognitive outcomes. 
In a study by Donnelly and Kidd (2020) processing efficiency between 18 and 
24 months was associated with prior lexicon. Further, processing efficiency 
at 25 months has been linked to lexical growth during the second year of 
life (Fernald et al., 2006). A study investigating the predicted value of early 
processing, lexical processing speed, and accuracy at 18 months predicted lexical 
development of both typically developing children and children defined as late 
talkers from 18 months to 30 months (Fernald & Marchman, 2012). In another 
longitudinal study, processing speed at 19 months was linked to syntactic and 
lexical development up to 36 months (Peter et al., 2019), although the links 
between speed and lexicon were found only in children with smaller lexicons. 
Thus, Peter et al. (2019) discussed that processing speed can be more crucial for 
children with challenges in word learning than for children with larger lexicons. 
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Furthermore, connections between early processing skills and later cognitive 
skills have been reported, as processing speed at 25 months was linked to both 
language and cognitive skills at 8 years of age (Marchman & Fernald, 2008).

Even if it is increasingly evident that lexical processing and lexical 
development are interrelated (Fernald & Marchman, 2012; Fernald et al., 2006; 
Loi et al., 2017; Marchman et al., 2019; Marchman et al., 2018; Peter et al., 2019), 
the theoretical aspects of the causality are not yet fully known (Fernald et al., 
2006; Peter et al., 2019). Authors discuss whether strong lexical processing skills 
facilitate word learning or whether a large lexicon facilitates lexical processing 
(Fernald et al., 2006; Peter et al., 2019). Marchman and Fernald (2013) describe 
a model of cascading connections, where efficient processing enables the child to 
identify words quickly, which in turn facilitates the learning of new words. Faster 
processing may also be related to factors such as generally stronger language 
skills or richer language experience (Fernald et al., 2006). On the other hand, 
faster lexical processing may also facilitate the child’s utilization of the words 
spoken in the environment (Fernald et al., 2006). 

A few studies have investigated the specific associations between early lexical 
processing and concurrent or later lexical development in preterm children. 
Studies utilizing the looking-while-listening paradigm have demonstrated that 
processing speed and accuracy of preterm children at 18 months significantly 
predicted concurrent language skills (Loi et al., 2017). Furthermore, the 
processing speed of preterm children at 18 months predicted expressive lexical 
development at 30 months (Marchman et al., 2019), receptive lexical development 
at 36 months (Marchman et al., 2016), and language development at 4.5 years 
(Marchman et al., 2018). Also, a study evaluating the processing skills of preterm 
children revealed that processing reaction time was a stronger predictor than 
medical complications of later expressive lexical development (Marchman et 
al., 2019). However, to my knowledge, the links between lexical processing at 
18 months and preterm children’s prior lexical development have not yet been 
described.

Marchman et al. (2022) have compared the associations between early 
language processing, expressive language, and non-verbal outcomes in full-
term and preterm children. Findings revealed similar associations between 
processing skills at 18 months and language skills at 4.5 years of age in both 
full-term and preterm children, indicating comparable mechanisms and long-
term connections between processing and language outcomes in both groups 
(Marchman et al., 2022). However, the associations between processing reaction 
time and later non-verbal skills were stronger in the preterm group, suggesting 
that especially processing speed in preterm children may be associated with 
more diverse skills and neuropsychological processes than in full-term children 
(Marchman et al., 2022). 
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In conclusion, more information on early lexical processing and development 
of preterm children is warranted. To my knowledge, the looking-while-listening 
paradigm has not previously been adapted to investigate the lexical processing 
of Finnish-acquiring children. Furthermore, links between preterm children’s 
lexical processing at 18 months and lexical growth during the first part of the 
second year have not been widely investigated. 

1.4	 Associations between language environment and 
parent-infant closeness in the neonatal intensive care 
unit, and language development of preterm children

A body of research describes the positive short-term benefits of parental talk 
in the NICU for preterm infants (Filippa, 2017; Filippa et al., 2013; Saliba et al., 
2018; Saliba et al., 2020; Williamson & McGrath, 2019). One systematic review 
(Filippa et al., 2017) identified positive effects of maternal talk in supporting 
the infant’s oxygenation and decreasing cardiorespiratory events. Hearing 
nonmaternal voices in the NICU has also been reported to provide short-term 
and medium-term benefits for preterm infants, such as an increase in saturation 
and stability in heart rate (Saliba et al., 2018). However, another systematic 
review reported discrepancies in findings on the effects of maternal voice or talk 
in the NICU on the preterm children’s physiological state (Provenzi et al., 2018). 
The authors discuss that the inconsistencies between findings might be related 
to different infant characteristics or procedures in different studies.

Different properties of adult talk might be important during different 
stages of language acquisition (Rowe & Weisleder, 2020). Both maternal and 
paternal infant-directed talk in the NICU are linked to higher alertness of the 
infant, but might also have a calming effect and support the development of 
responsiveness (Saliba et al., 2020). Further, studies on the NICU language 
environment underline that preterm infants benefit from synchronous sensitive 
talk, adapted to the infant’s responses (Caskey et al., 2014; DeMaster et al., 
2019; Kuhn et al., 2017; Rand & Lahav, 2014; Saliba et al., 2020). The preterm 
infants might perceive simultaneous asynchronous adult talk as background 
noise, which might not be beneficial for the child’s language processing skills 
(Rand & Lahav, 2014). Also, because parental talk might raise the alertness of 
the infant, studies suggest that parental talk in the NICU should be sensitively 
adapted to the infant’s responses (Saliba et al., 2020). 

The associations between language environment and language development 
during the first years of life have been widely investigated. A recent review on 
language acquisition in a social context describes how language development 
is influenced by the everyday input of caregiver talk (Rowe & Weisleder, 2020). 
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The connections between language nutrition, defined as quantity- and quality-
rich adult talk to children in an interactive context (Head Zauche et al., 2017), 
and early language development have been thoroughly examined (e.g. Head 
Zauche et al., 2017; Zauche et al., 2016). Yet, the differences between the effects 
of infant-directed and overheard adult-directed talk, or the quantity and quality 
of adult talk, are not fully established (Rowe & Weisleder, 2020). An integrative 
review revealed positive links between both the quality and quantity of adult 
talk and interaction, and children’s language outcomes during the first 3 years 
of life (Zauche et al., 2016). 

Other studies have described the importance of mainly quality aspects of 
adult talk, such as interactive talk or conversational turn-taking, for language 
outcomes (e.g. Donnelly & Kidd, 2021; Gilkerson et al., 2018; Romeo et al., 
2018; Rowe, 2012; Wang et al., 2020; Weisleder & Fernald, 2013; Zauche et 
al., 2016). Studies utilizing the LENA automated estimates have also examined 
the associations between adult word and conversational turn counts, and 
language outcomes. A meta-analysis from studies on children below 4 years of 
age revealed stronger associations between conversational turn count values 
and the children’s language outcome than between adult word count values 
and language outcome (Wang et al., 2020). In a study by Gilkerson et al. (2018) 
LENA-estimated conversational turn count at 18−24 months of age explained 
14%−27% of the variance in cognitive and language scores 10 years later.

The long-term associations between parental (Filippa, 2017) or adult talk 
(Saliba et al., 2018) in the NICU on the later development of preterm children 
have not been widely studied. To my knowledge, only one study (Caskey et al., 
2011, 2014) has investigated the associations between adult talk in the NICU 
and preterm children’s later language development. The findings from an open-
bay NICU demonstrated that LENA-provided adult word count values near the 
infant at 32 gestational weeks of age were positively associated with language 
scores at 18 months (Caskey et al., 2014). So far, a consensus has not been reached 
regarding the most beneficial amount or type of NICU language input for long-
term developmental outcomes of preterm children (Best et al., 2018; Filippa et 
al., 2017). Also, more knowledge on the effects of hospital staff talk in the NICU 
is needed (Pineda et al., 2014; Saliba et al., 2018). Additionally, a review article 
by Cheong et al. (2020) pointed out that the long-term neurodevelopment of 
preterm children is also likely to be influenced by the environmental factors 
the child experiences after the NICU care period.

To my knowledge, the potential connections between the language 
environment in the NICU and later lexical processing skills of preterm children 
have not been reported. Also, the findings from studies conducted at later age 
points differ. In a study on preterm children, the LENA-provided adult word 
count value at 16 months was a significant predictor of the child’s processing 
accuracy at 18 months (Adams et al., 2018). Studies on full-term children have 



34

Review of the literature

found positive associations between infant-directed talk at 19 months and lexical 
processing at 24 months (Weisleder & Fernald, 2013) and stronger associations 
between the number of conversational turns and neural language processing 
at 4−6 years, than between adult words and processing (Romeo et al., 2018).

Parent-infant closeness and parental involvement in the NICU are shown to 
provide emotional, physical and developmental short- and long-term benefits 
for the preterm infant (e.g. Flacking et al., 2012; Gonya et al., 2017; Pineda et al., 
2018; Reynolds et al., 2013; Vohr, 2019; Yrjölä et al., 2022). However, the links 
between parent-infant closeness in the NICU and preterm children’s language 
outcomes have not been broadly investigated. Findings from one study indicated 
that extremely preterm infants who received more hours of skin-to-skin care from 
both mothers and fathers in the NICU scored higher on communication scores 
at 6 and 12 months, although the results were not statistically significant (Gonya 
et al., 2017). Another study reported a positive association between maternal 
involvement in the NICU and higher language and cognitive performance in 
preterm children at 18 months (Lester et al., 2016). Of the different involvement 
variables kangaroo care (skin-to-skin contact), breastfeeding, bottle feeding, and 
maternal care (including holding), kangaroo care exhibited the strongest positive 
associations with language and communication scores (Lester et al., 2016). 

The specific effects of father-infant closeness and paternal involvement 
in the NICU are less studied than the maternal involvement effects. Studies 
have mainly focused on the effects of father-infant skin-to-skin contact, and 
the findings demonstrate positive physiological effects for the preterm infants 
comparable to mother-infant closeness (Filippa et al., 2021). Also, general long-
term effects of paternal NICU involvement have been described, such as the 
positive impact of the father’s involvement on parental bonding (Filippa et al., 
2021) and on the well-being of the mother and the child (Treyvaud, 2013; Yogman 
& Garfield, 2016).

In summary, more information on the potential long-term associations 
between language environment and parent-infant closeness in the NICU, and 
preterm children’s later language development is warranted. Additionally, to my 
knowledge, potential connections between NICU language environment and 
parent-infant closeness, and later lexical processing skills of preterm children 
have not been explored.
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2	 AIMS 

The general focus of the present dissertation was to gain knowledge on the 
role of early language environment on very preterm children’s lexical abilities 
during the second year of life. The dissertation had two main aims. The first 
main aim was methodological, to study the validity and usability of new 
methods in evaluating language environment and lexical processing of very 
preterm children (Studies I−II). Firstly, the dissertation examined the validity 
of the Language Environment Analysis (LENA) system in the NICU (Study I). 
Because it is important to study the validity of the LENA system in different 
language and NICU contexts, the study investigated the validity of the LENA 
system in the NICUs of both Turku University Hospital, Finland and Tallinn 
Children’s Hospital, Estonia. Secondly, the dissertation evaluated the usability 
and provided validity information on an eye tracking-based lexical processing 
task to assess the lexical processing of very preterm children at 18 months of 
corrected age (the age was adjusted for degree of prematurity; Study II). The 
second main aim was clinical: to study the longitudinal associations between 
language environment and parent-infant closeness in the NICU, and lexical 
abilities of very preterm children at 15 and 18 months of corrected age (Study 
III). The specific aims of the original studies included in the dissertation are 
presented in Table 1. The specific research questions presented in the original 
studies are displayed in Table 2. 

Table 1. The aims of the dissertation and the studies targeting them.

Aims Study I Study II Study III

To examine the validity of the LENA system in the NICU. x

To examine the usability and provide validity information 
on an eye tracking based lexical processing task to assess 
lexical processing of very preterm children at 18 months 
of corrected age.

x

To investigate the longitudinal associations between 
language environment, measured using the LENA system 
and parent-infant close contact in the NICU, and lexical 
abilities (lexical processing, lexical development) of very 
preterm children at 15 and 18 months of corrected age.

x

LENA = Language Environment Analysis; NICU = neonatal intensive care unit

This dissertation is part of the Auditory environment by Parents of Preterm 
infants; Language development and Eye movements (APPLE) research project 
(APPLE Study, 2021) conducted at Turku University Hospital, Finland, and 
Tallinn Children’s Hospital, Estonia. Principal investigators of the research 
project are Professor Liisa Lehtonen and Associate Professor Suvi Stolt. The 
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Ethics Committees of the Hospital District of Southwest Finland and the 
University of Tartu have approved the study protocol. The families received 
written and verbal information about the study before signed consent was 
obtained. 

Table 2. The research questions of the original studies.

Study Research questions

I 1.	 How accurately does the LENA system identify segments of female and male 
adult, segments of key child (the infant with the recording processor) and silence 
in the Finnish and Estonian NICU environments? 

2.	 How valid is the information provided by the LENA system regarding female word 
count, male word count, adult word count, child vocalization count, conversational 
turns and duration of silence? 

II 1.	 Is there an association between lexical processing abilities (reaction time, correct 
looking time) of very preterm children measured at 18 months of corrected age, 
and receptive and/or expressive lexical development measured at 12, 15 and 18 
months of corrected age?

2.	 How much do lexical processing abilities at 18 months of corrected age explain of 
the variance in receptive/expressive lexical development at the same age when 
the effect of gender is taken into consideration?

III 1.	 Is there an association between language environment and/or parent-infant close 
contact (parental skin-to-skin contact and holding), when measured in the NICU, 
and very preterm children’s lexical development at 15 and 18 months of corrected 
age? 

2.	 Is there an association between NICU language environment and/or parent-infant 
close contact (parental skin-to-skin contact and holding), and very preterm 
children’s lexical processing at 18 months of corrected age?

3.	 To what extent does NICU language environment and/or parent-infant close contact 
(parental skin-to-skin contact and holding) explain the variation in very preterm 
children’s lexical development at 18 months of corrected age?

LENA = Language Environment Analysis; NICU = neonatal intensive care unit
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3	 PARTICIPANTS AND METHODS

The participants in the study were very preterm born (<32 gestational weeks) 
infants, recruited to the longitudinal APPLE research project (APPLE Study, 
2021) in the NICUs of Turku University Hospital and Tallinn Children’s Hospital. 
The research project consists of two studies: APPLE I, in which the very preterm 
children’s development has been followed during the first year of life, and APPLE 
II, in which the development has been followed during the second year of life.

The APPLE I Turku recruitments were conducted from February 2017−
December 2020, and the Tallinn recruitments from March 2017−March 2018. 
From a total of 332 (Turku 212; Tallinn 120) very preterm children born in the 
two NICUs in question during the recruitment period, 176 infants were invited 
to the project. The recruitments were conducted by members of the APPLE 
research group. A research nurse and an MD PhD student conducted most of the 
recruitments, but the author also actively participated in the recruitments. Each 
invited family was approached in the NICU when the infant’s medical condition 
was stable. A total of 156 infants were excluded due to medical reasons (life-
threatening medical conditions, significant congenital anomalies or syndromes, 
n = 9), death (n = 18), transfer to other hospitals (n = 44), and other reasons 
(license and technical problems, social reasons, multiple gestation with more 
than two fetuses, the language of the family other than Finnish or Estonian, n = 
85). Of the 176 invited infants, the parents of 60 infants declined to participate 
in the project. The final group of participants enrolled in the APPLE I study 
included 116 infants (63 infants from Turku and 53 infants from Tallinn). 
Further, parents of 51 infants from the APPLE I study in Turku consented to 
participate in the APPLE II study.

In the present dissertation, the participants in Study I were very preterm 
infants recruited to the APPLE I study in the Turku University Hospital and 
the Tallinn Children’s Hospital, and from monolingual Finnish or Estonian-
speaking families (total n = 116). At the time Study I was performed, data from 
29 infants from Turku and 41 infants from Tallinn were available (data collected 
March 2017−June 2018). From those infants, a sample of 7 infants from the NICU 
in Turku and 7 infants from the NICU in Tallinn (a total of 14, 20% of recruited 
participants) were randomly selected as participants in Study I. Because the 
variables analyzed included the number of vocalizations from the infant with 
the recording device, twins were excluded to ensure that only the vocalizations 
from the index child were counted. 

In Studies II-III of the present dissertation, the participants were very 
preterm children from Finnish-speaking families (≥60% Finnish spoken at 
home) recruited to the APPLE II study and born in the Turku University Hospital 
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(total n = 51). The collected data included measures of language environment 
and parent-infant closeness in the NICU and lexical ability measures from 12, 
15, and 18 months of corrected age. Because the methods used to assess lexical 
abilities were developed for Finnish-acquiring children, only children from the 
Turku unit were included in Study II-III.

Study II included data from 25 very preterm children from the Turku 
University Hospital. Lexical processing data were collected from 25 children 
at 18 months of corrected age. During the data collection period (August 2018−
June 2021), a total of 38 children were eligible, but lexical processing data could 
not be obtained from 13 children. The reasons for the lost processing data were: 
inability to participate in the processing assessment due to COVID-19 epidemic 
restrictions (n = 6), inability to participate in the assessment due to the family’s 
long distance from the hospital (n = 2), inability of the child to focus on the task 
(n = 2), inability to reach the family (n = 1), diagnosed developmental impairment 
of the child (n = 1) and technical problems (n = 1). Further, lexical developmental 
data were collected at 12 months (n = 22), 15 months (n = 22), and 18 months 
of corrected age (n = 23).

The sample of Study III included data from a total of 43 very preterm children 
born in the Turku University Hospital. These data were collected longitudinally 
in the NICU and at 15 and 18 months of corrected age. Data could be collected as 
follows: from the NICU n = 43, at 15 months of corrected age n = 36, at 18 months 
of corrected age n = 29 (lexical processing) and n = 38 (lexical development). 
During the data collection period (April 2017−March 2022), a total of 48 children 
were eligible, but data could not be obtained from 5 children. The reasons for the 
lost data were language environment data from the NICU was missing due to 
technical problems (n = 1) and lexical ability data could not be obtained (n = 4).

The background characteristics of the participants in the original studies 
are presented in Table 3.
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Table 3. Background characteristics of the participants. Percentages are calculated from the total number 
of participants.

Participant characteristic Study I (N = 14) Study II (N = 25) Study III (N = 43)

M(SD) Min.–Max. M (SD) Min.–Max. M (SD) Min.–Max.

Gestational age at birth 27 (2) 23–31 28 (2) 23–31 28 (2) 23–31

Birth weight (gram) 1045 (358) 520–1640 1222 (431) 470–1860 1099 (408) 470–1860

n % n % n %

Gender: male 7 50 12 48 24 56

Children developing as twins 0 0 6 24 14 33

Small for gestational age (-2 SD) 4 29 3 12 6 14

Bronchopulmonary dysplasia (36 w) 7 50 9 36 19 44

ROP ¹, stage 3, 4 or 5 0 0 0 0 1 2

IVH ², grade III or IV 0 0 0 0 0 0

Respiratory support on recording day ³

Invasive ventilation 1 7 3 12 6 14

Invasive ventilation/CPAP ⁴ 3 21 4 16 7 16

High-flow nasal cannula 2 14 6 24 11 26

High-flow nasal cannula/CPAP ⁴ 1 7 1 4 2 5

None 7 50 11 44 16 37

Warmth regulation on recording day ³

Incubator 1 7 0 0 0 0

Warming mattress 9 64 8 32 10 23

None 4 29 17 68 32 74

Single-family room on recording day⁵ 7 50 24 96 39 91

Need for hearing aids at 12 months 0 0 0 0 0 0

Developmental impairment at 12 months ⁶ 0 0 1 2

Visual impairment at 12 months ⁶ 0 0 1 2

Mother’s education ⁷

Basic, high school 8 57 7 28 10 23

Lower university, higher university 6 43 17 68 32 74

Father’s education ⁸

Basic, high school 9 64 16 64 24 56

Lower university, higher university 5 36 7 28 15 35

¹ Retinopathy of prematurity, infants born <30 gestational weeks of age
² Intraventricular hemorrhage
³ Data missing from 1 child in Study III
⁴ Continuous positive airway pressure 
⁵ Single-family room with one infant or twins
⁶ Reported by the parents of Study II−III, data missing for 1 child in Study II and 2 children in Study III. 
⁷ Data missing for 1 parent in Study II−III
⁸ Data missing for 2 parents in Study II and 4 parents in Study III



40

Participants and methods

3.1	 Methods

3.1.1	 The Language Environment Analysis system validation and data 
collection in the neonatal intensive care unit

Study I examined the validity of the LENA (LENA®, Boulder, Colorado) system 
in the Finnish and Estonian language contexts and the Turku and Tallinn NICU 
settings. The natural language and sound environment of the very preterm 
infants in the NICU were measured with the LENA system for 16 hours at the 
age of 32−33 gestational weeks (32 weeks, 0 days—33 weeks, 6 days). During 
the recording, the processor was kept close (approximately 10‒30 cm) to the 
infant’s head during all daily activities. 

The LENA system consists of a digital processor that captures the child’s 
natural language and sound environment and of software that provides speech 
algorithm-based automatic analyzes of the measured values. In the automatic 
analyses of the recorded audio information, the LENA system first classifies 
the data into non-speaker or speaker segments and then labels the segment 
based on its acoustic features (Gilkerson & Richards, 2020; Xu et al., 2008). 
The speaker labels are female adult, male adult, key child (the child with the 
processor), and other child. Additionally, the LENA system categorizes speaker 
labels into near and far classes (Xu et al., 2008). The non-speaker labels are 
television/electronics, noise, overlap, and silence. 

Based on the speaker labels, the LENA system estimates the number of adult 
words, female and male words, child vocalizations, and conversational turns 
(Gilkerson & Richards, 2020). Adult word counts and female and male word 
counts include the number of words spoken to or near the child. The LENA 
system excludes unclear or overlapping speech from the word counts. The child 
vocalization count includes vowel-like sounds, squeals, and growls surrounded 
by more than 300 milliseconds of silence or sounds that are not the infant’s 
vocalization. The LENA system does not include cries or vegetative sounds in the 
child vocalization count. Further, LENA-estimated conversational turns are the 
child’s responses to adult speech or an adult’s responses to child vocalizations 
within 5 seconds (Gilkerson & Richards, 2020). However, the LENA software 
does not differentiate infant-directed speech from overheard speech (Gilkerson 
& Richards, 2020; Gilkerson et al., 2017). Silence is defined as a segment of ≥800 
ms with sparse or no acoustic information or with an acoustical energy of 32 
dB or less (Gilkerson & Richards, 2020). 

To obtain an extensive overview of the tool’s validity, both of the LENA-
provided measures, labels and counts, were investigated in the validation 
procedure. The agreements between the LENA and human coder-provided 
values were compared. For each of the 14 participants in Study I, two 5-minute 
segments from the LENA recording, containing the 10% highest measure of adult 
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word count when a parent was present, were selected for analysis. Accordingly, 
the total amount of analyzed data was 140 minutes. A two-part procedure, based 
on information from previous research (Caskey et al., 2011, 2014; Caskey & Vohr, 
2013), was developed to evaluate the validity of the LENA-provided measures. 
Information received from the LENA Foundation was also utilized (e.g. LENA 
Foundation, 2015, 2019). The analyses were conducted with the transcriber 
software (Barras et al., 2001).

The validation procedure consisted of a part A and a part B. Part A investigated 
the agreements between LENA-provided and human coder-provided labels for 
female adult, male adult, key child, and silence. Near/far classes of the speaker 
labels were combined to obtain a comprehensive picture of the validity. From 
the non-speaker labels, only the silence label was analyzed. The human coder 
listened to the segments recorded by the LENA system and noted, based on the 
human ear, if the LENA-provided labels were correct or not. The agreement 
between the LENA labels and human coders was analyzed by calculating 
agreement percentages. 

Part B investigated the agreements between LENA and human coder-
provided values for adult word, female word, male word, child vocalization and 
conversational turn counts. In addition, the validity of the silence estimate was 
investigated. The human coder first transcribed the speech recorded by the LENA 
system, implementing the same definitions for the values as the LENA provided 
definitions (Gilkerson et al., 2008; Gilkerson & Richards, 2008; Gilkerson et al., 
2017; Xu et al., 2008). Then, the human coder manually counted the numbers 
of adult words, female and male words, vocalizations, and conversational turns 
included in the 5-minute segment that was analyzed. Additionally, the duration 
of silence was manually measured with a digital stopwatch. All ≥1 s measured 
segments of no sound or with very faint background sound were included in 
the human estimate of silence. Finally, the human coder values were compared 
with the LENA-provided estimates. 

Two principal coders, one coder in Turku and one coder in Tallinn, analyzed 
most of the samples (Turku: 93%, Tallinn: 86%). The rest of the samples were 
analyzed by trained independent coders. The author served as the principal coder 
in Turku and compiled the data from Turku and Tallinn. Interrater reliability 
was examined based on the double-scored data of 29% (4 samples) of the data. 
Krippendorff’s alpha (Kalpha, ɑ) values were calculated between the scorings 
(Hayes & Krippendorff, 2007). The interrater reliability values were as follows 
in part A; female adult ɑ = 0.72, male adult ɑ = 0.15, key child ɑ = 0.98, and 
silence ɑ = 0.29, and in part B; female word count ɑ = 0.92, male word count ɑ = 
0.94, adult word count ɑ = 0.78, child vocalization count ɑ = 0.77, conversational 
turns ɑ = 0.81, and silence ɑ = 0.94.
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Study III utilized the LENA-provided estimates of adult word, female and 
male word, conversational turn and child vocalization counts. The specific 
variables used in the original studies are displayed in Table 4. 

Table 4. Methods and variables used in the original studies.

Method Variables analyzed

Study I Study II Study III

LENA Labels for female 
adult, male adult, key 
child, and silence
Adult word, female 
and male word, child 
vocalization and 
conversational turn 
counts, duration of 
silence

Adult word, female 
and male word, child 
vocalization, and 
conversational turn 
counts

Parental closeness 
diaries

Parental presence Maternal close 
contact
Paternal close contact 
Parental close contact

Eye tracking-based 
lexical processing task

Reaction time and 
correct looking time.

Reaction time and 
correct looking time

FinCDI-SF Receptive and 
expressive lexicon at 
12, 15, and 18 months

Receptive and 
expressive lexicon at 
15 and 18 months

FinCSBS-ITC Symbolic and Speech 
Composites at 12, 15, 
and 18 months

Symbolic and Speech 
Composites at 15 and 
18 months

LENA = The Language Environment Analysis system; variables include labels, counts and 
duration of silence

FinCDI-SF = Finnish short form version of the MacArthur Communicative Development 
Inventories; FinCSBS-ITC = the Finnish version of the Symbolic Behavior Scales, Developmental 
Profile, Infant–Toddler Checklist
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3.1.2	 Parent-infant closeness data collection in the neonatal  
intensive care unit

Parent-infant closeness data were collected through parental closeness diaries 
(Axelin et al., 2020; Raiskila et al., 2017). The diary is a data collection instrument 
developed to measure the duration of parent-infant NICU closeness for 14 days, 
from both parents individually and from the infant’s perspective (Axelin et al., 
2020). Using the diary, the parents report the following measures of parent-
infant closeness: the duration of parental presence in the NICU unit, the duration 
of parent-infant skin-to-skin contact (the parent is holding the infant, dressed 
only in a diaper and possibly a cap, on the parent’s bare chest) and the duration 
of parental holding (the dressed infant is kept in the parent’s arms) (Axelin et 
al., 2020; Raiskila et al., 2017). 

In the present study, the diaries were used to document parent-infant 
closeness in the NICUs for 14 consecutive days at 32−33 weeks of gestational 
age, including the day of the LENA recording. The diary was kept at the infant’s 
bedside and both parents filled in daily data on the mother’s and father’s presence, 
skin-to-skin contact, and holding (Axelin et al., 2020; Raiskila et al., 2017).

Study I utilized the diaries to identify the times when at least one parent was 
present in the NICU, because only these periods were eligible for analysis. Study 
III utilized the diaries to measure the duration of parent-infant closeness in the 
NICU. The mother’s skin-to-skin contact and holding values were added to form 
a mother’s close contact variable (mother’s skin-to-skin contact and holding) and 
the father’s values formed a father’s close contact variable (father’s skin-to-skin 
contact and holding). Furthermore, both parents’ close contact variables were 
summed to a compound parental close contact variable (mother’s skin-to-skin 
contact and holding + father’s skin-to-skin contact and holding). Mean values 
in minutes per day were used in the analyses. The specific variables used in the 
original studies are displayed in Table 4. 

3.1.3	 Methods used to assess lexical abilities of very preterm children: 
lexical processing and development 

An eye tracking-based task to assess lexical processing

An eye tracking technology-based lexical processing task (Ståhlberg-Forsén, 
Leppänen & Stolt) was developed to assess the lexical processing skills of very 
preterm children at 18 months of corrected age. The task was conceptualized, 
developed, and modified by the author, Associate Professor Leppänen and 
Associate Professor Stolt. The author compiled the audio and video elements of 
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the task and conducted all the assessments. Professor Leppänen conducted the 
analyses of the eye tracking data. 

The task was based on the looking-while-listening procedure (Fernald et al., 
2006; Fernald et al., 1998; Fernald et al., 2008; Loi et al., 2017; Marchman & 
Fernald, 2013) and modified to measure the lexical processing skills of Finnish-
acquiring children. The target words in the present task were 11 Finnish words: 
silmä, auto, kuppi, kukka, puu, kuu, avaimet, leijona, hyppää, nauraa and iso 
(eye, car, cup, flower, tree, moon, keys, lion, jump, laugh and big), presented 
in short phrases (“Where is the car, where is it?”) by a native Finnish speaker. 
The words were chosen based on the typical receptive lexical development of 
18-month-old Finnish children (Stolt & Vehkavuori, 2018). The target words 
included 4 easy words (reported to be known by 80%‒99%), 4 moderately 
difficult words (known by 60%‒80%), and 3 difficult words (known by <60%) 
(Stolt & Vehkavuori, 2018). Of the target words, 8 were nouns, 2 verbs, and 1 
adjective. Photo or digital color images of the target words were presented in 
pairs; each image 3 times as a target and 3 times as a distracter image. The noun 
target word pairs were unyoked. During the assessment, the child was watching 
the images on a computer screen while listening to the phrases. The child’s eye 
movements were measured with the eye tracker Tobii X2-60, which uses image 
sensors and processing algorithms to register the participant’s gaze points on 
the computer screen (Tobii Technology AB, 2014). A pilot study with 4 children 
was performed and the task was technically improved before the study phase. 
A read-out (a smiley face) showing the child’s distance from the screen, based 
on the eye tracking output, was added to the design of the task to facilitate the 
detection of the correct position of the child.

The lexical processing assessments were performed at the hospital facility 
and began with an introduction. The child sat on the parent’s lap watching a 
children’s movie on the computer screen. The parent wore dark glasses to obstruct 
the eye tracker from registering the parent’s eye movements. When the child’s 
position was correct (distance approximately 60 cm and angle approximately 0 
degrees), the assessment started with a 5-point eye tracker calibration. After the 
calibration, 2 practice trials were run before the onset of the actual trials. Before 
each trial, a fixation stimulus (a cat animation) was presented to standardize the 
child’s gaze location at the center of the screen at the trial start. The trial started 
automatically when the child looked at the fixation stimulus or after a 1000 ms 
waiting period. The trial began with the images visible on the screen, and after 
two seconds, the sound stimulus was presented. The images were visible during 
the sound stimulus and approximately 1 second after. The test trials included 5 
blocks, each block consisting of 6‒7 trials exhibiting pairs of images. The pairs 
of images appeared in random order with the same target image only once in 
each block. Approximately 5-second-long video clips were shown before the first 
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trial, between the blocks, and after the last trial, to sustain the child’s motivation 
and attention. The procedure lasted approximately 10 minutes. 

Two primary variables of the looking-while-listening paradigm, reaction time 
(speed) and correct looking time (accuracy) (Fernald et al., 2008), were used in 
the present study. The reaction time was the latency with which the child looked 
at the target image after the target word onset. Correct looking time was the 
mean proportion of time that the child looked at the target image out of the total 
looking time. Because reaction time measures speed and correct looking time 
measures accuracy, the variables were chosen to measure different aspects of 
lexical processing and, thus, to supplement one another. 

The reaction time was measured within the 200−2800 ms time window from 
the target word onset. Trials, where the child’s gaze point was on the target 
image already when the target word was presented, were excluded from the 
analyses, which is according to the principles of the looking-while-listening 
procedure (Fernald et al., 2008). The lower cut-off value of the time window 
was based on previous research (Fernald et al., 2008). The upper cut-off value 
was prolonged, due to the phonetic characteristics of the Finnish language and 
to the specific features of the target words used in the present task. The target 
words included vowel-initial words, three-syllable-long words, and words with 
diphthongs, words typical in the Finnish language (Karlsson, 1983). Moreover, 
the target words included 2 verbs and 1 adjective, which are part of a sentence 
context, and thus may require more verbal working memory capacity and longer 
processing time (Fernald et al., 2010). 

The correct looking time value was measured from both distracter and target 
initial trials. Due to the characteristics of the target words, the upper cut-off 
value time window in the correct looking time analyses was also prolonged, as is 
done in studies with young children (Bergelson & Swingley, 2012; Fernald et al., 
2010). Also, research based on a data bank of eye tracking data recommends the 
use of a longer time window to improve the reliability of the task (Zettersten et 
al., 2021). For Study II, which aimed to investigate associations between lexical 
processing and lexical development, the total time window was divided into early 
and late time windows. The objective was to study the child’s looking behavior 
during the entire processing task and to detect individual differences between 
the very preterm children. The early time window captured 200−2800 ms and 
the late time window 2800−6400 ms from target word onset. An early and late 
time window has previously been used in studies with young children (Lany 
et al., 2018). Study III, which investigated the associations between language 
environment and parent-infant closeness, and lexical abilities, utilized the total 
time window. The total time window captured 200−6400 ms from the target 
word onset, thus, including both the early and late time windows. The specific 
variables used in the original studies are displayed in Table 4. 
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The eye tracking-based lexical processing task included 33 trials. Trials 
that contained missing data for a continuous period lasting over 250 ms were 
excluded. This criterion was established a priori to data analysis and based on 
previous research (Leppanen et al., 2015). In the present study, the maximum 
length of missing gaze data was prolonged from 200 to 250 ms to reduce data 
attrition. The data consisted of averaged information obtained from both eyes 
or of data from one valid eye. 

Methods used to assess lexical development 

At 12, 15, and 18 months of corrected age, information on the very preterm 
children’s lexical development was collected using two different screening 
methods. The Finnish short form version (FinCDI-SF; Stolt & Vehkavuori, 2018) 
of the MacArthur Communicative Development Inventories (Fenson et al., 2000) 
is a parental report form instrument for screening early lexicon. The method 
is validated and normed for Finnish children (Stolt & Vehkavuori, 2018). The 
instrument consists of an infant form, for infants aged 9‒18 months, and a 
toddler form, for children aged 18‒24 months. Studies II and III utilized the 
infant form, providing information on receptive and expressive words from 
different lexical categories. The instrument is composed of a checklist of 89 
words, where the parent marks the words the child understands or produces. 
The maximum score, for both expressive and receptive categories, is 89 points 
(one point for each word). 

The Finnish version (FinCSBS-ITC; Laakso et al., 2011) of the Communication 
and Symbolic Behavior Scales, Developmental Profile, Infant-Toddler Checklist 
(Wetherby et al., 2002) is a screening method using parent reporting to measure 
prelinguistic communication and language development in children between 
6 and 24 months of age. The method has been validated and normed for the 
Finnish population (Laakso et al., 2011). The instrument consists of Social, 
Symbolic, and Speech Composites, from which a total score is computed. The 
scores are given on a 3-, 4- or 5-point scale, describing the performance of the 
child. As Study II and Study III investigated the lexical development, only the 
Symbolic and the Speech Composites of the method were used. The Symbolic 
Composite includes 6 questions investigating the understanding of words and 
object use (maximum score of 17 points). The Speech Composite includes 5 
questions related to sound and word production (maximum score of 14 points). 

Both screening methods were mailed by the author to the families who filled 
in the methods at home, within two weeks from the corrected date. Study II 
utilized the methods collected at 12, 15, and 18 months and Study III the methods 
collected at 15 and 18 months of corrected age. The specific variables used in 
the original studies are displayed in Table 4. 
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3.2	 Data analysis

Spearman’s correlation coefficient values were used to analyze all associations. 
Study I investigated the associations between the LENA and human coder-
provided estimates. Study II analyzed the associations between the very 
preterm children’s lexical processing and lexical development, and Study III the 
associations between language environment and parent-infant closeness, and 
later lexical abilities. In Study I, Krippendorff ś Alpha (Hayes & Krippendorff, 
2007) was also used to analyze the associations between LENA and human 
coder-provided estimates, and interrater reliability. Kalpha analyses are 
considered to give robust results for small data sets with any data distribution 
and missing data. 

In Study II, four linear regression models were created to explore how much 
of the variance in lexical development at 18 months could be explained by lexical 
processing variables, together with background factors. Four regression models 
with expressive lexical development as dependent variables were selected, 
based on the preliminary correlation analyses. In the first two models, the 
dependent variable was FinCDI-SF expressive lexical development. In the first 
model, the independent variable was reaction time, and in the second model 
correct looking time. In the next two models, the dependent variable was 
FinCSBS-ITC speech development, and reaction time and correct looking time 
were independent variables. The independent variables were chosen based on 
preliminary correlation analyses. Based on the preliminary analyses, the late 
time window value was chosen to represent the correct looking time variable. 
Gender was selected as the independent background variable in all models. The 
preliminary analyses demonstrated that gender, of the available background 
factors, exhibited the strongest associations with the lexical measures. 

In Study III, four linear regression models were formed to study how 
much NICU language environment and parent-infant close contact variables 
explained the lexical development variance at 18 months. FinCDI-SF receptive 
and expressive values and FinCSBS-ITC Symbolic and Speech Composite values 
were dependent variables. Conversational turn count and parental close contact 
(mother’s skin-to-skin contact and holding + father’s skin-to-skin contact and 
holding) were independent language environmental and parent-infant closeness 
variables in all four models, chosen based on the preliminary correlation 
analyses. Based on the preliminary analyses, gender was selected as the third 
independent variable. Of the background factors (gender, gestational age at 
birth, birth weight, maternal and paternal educational level), gender showed 
the strongest associations with the lexical values utilized as dependent variables 
in the regression models. Transformed conversational turn count values were 
used in the regression models due to data skewness.
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Data analysis was conducted with SPSS versions 27 and 28 (IBM Corp.) 
and p-values below 0.05 were considered statistically significant. Kalpha 0.80 
was considered a good reliability value, with a minimum of 0.60. The statistical 
analyses were performed by the author after consulting the Biostatistics unit of 
the University of Helsinki.



49

Results 

4	 RESULTS 

4.1	 Validation of the Language Environment  
Analysis system

In part A of the validation process, the total number of female LENA labels 
noted in the samples analyzed was 1421. From those, the human coder coded 
86% as correct, based on the human ear. The highest total agreement between 
LENA labels and human coders was found in female labels, of which the human 
coders in Turku coded 90% as correct and the coders in Tallinn 82% as correct. 
The agreement for key child, male, and silence was modest or fair. The samples 
included 263 key child labels, and the human coder coded 39% of those as 
correct. Table 5 displays the descriptive data from part A of the validation study. 

The Kalpha values for the agreements between the LENA and human coder 
for the combined Turku and Tallinn samples were as follows: female labels  
α = 0.80, male labels α = 0.28, key child labels α = 0.25 and silence labels α = 0.30. 

Table 5.	 Descriptive statistics of part A of the validation study. Agreement percentages, 
based on mean values, are displayed.

LENA label Number of LENA-
provided labels

Number of labels 
classified as correct 

by human coder 

Agreement 
percentage 

Total: Turku and Tallinn (n = 14)

Female 1421 1247 86

Male 578 294 47

Key child 263 101 39

Silence ¹ 467 216 42

Turku (n = 7)

Female 824 740 90

Male 355 176 42

Key child 141 54 54

Silence ¹ 191 42 72

Tallinn (n = 7)

Female 597 507 82

Male 223 118 53

Key child 122 47 24

Silence ¹ 276 74 22

LENA = Language Environment Analysis

¹ LENA labels for silence were missing for 3 children in Turku and 1 child in Tallinn
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In part B of the validation process, in the total sample of children, the LENA- 
estimated mean value for female words was 609, and the respective value 
estimated by the human coder was 698. The LENA-estimated mean number 
of adult words was 799, and the human coder estimated number was 817. 
Further, the LENA-estimated mean value of child vocalizations was 14 and the 
corresponding human coder value based was 6. Significant positive associations 
between LENA and human coder estimates were found for the following total 
values: adult word counts (r = 0.95), female word (r = 0.91) and male word 
counts (r = 0.64), and duration of silence (r = 0.64). The results indicated that 
agreement between LENA and the human coder provided estimates for adult 
word, female word, and male word counts and the duration of silence was high. 
Furthermore, the associations between LENA and human-provided estimates 
for conversational turn counts nearly reached significance level in the Turku 
unit (r = 0.73) but were lower in the Tallinn unit (r = 0.23). Table 6 shows the 
descriptive data from part B of the validation study. 

The Kalpha values for the agreement between LENA and human coder for 
the combined Turku and Tallinn samples were as follows: adult word count α = 
0.92, female word count α = 0.88, male word count α = −0.33, conversational 
turns α = 0.25, child vocalization count α = 0.09 and silence α = −0.18.
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Table 6.	The descriptive statistics for part B of the validation study. The length of silence is 
presented in seconds. Agreements between LENA and human estimates are presented using 
Spearman correlation coefficients (r) and significance level (p).

LENA variable LENA estimates Human coder estimates

Mean (SD) Min.–Max. Mean (SD) Min.–Max. r p

Total: Turku and Tallinn (n = 14)

Adult word count 799 (381) 156–1331 817 (324) 224–1312 0.95** <0.001

Female word count 609 (374) 12–1249 698 (323) 110–1207 0.91** <0.001

Male word count 191 (254) 5–862 119 (323) 0–592 0.64* 0.02

Conversational turn count 8 (9) 1–26 4 (4) 0–14 0.23 0.44

Child vocalization count 14 (20) 1–59 6 (5) 0–16 -0.03 0.91

Silence (s) 200 (110) 28–414 56 (39) 0–109 0.64* 0.01

Turku (n = 7)

Adult word count 978 (220) 708–1288 969 (241) 662–1312 0.82* 0.02

Female word count 712 (272) 263–1105 812 (233) 484–1207 0.79* 0.04

Male word count 266 (314) 12–862 157 (207) 0–592 0.86* 0.01

Conversational turn count 7 (9) 1–26 4 (3) 0–7 0.73† 0.06

Child vocalization count 13 (21) 1–59 8 (4) 0–12 0.13 0.79

Silence (s) 133 (166) 28–185 41 (38) 0–109 0.61 0.15

Tallinn (n = 7)

Adult word count 620 (438) 156–1331 665 (339) 224–1256 0.96** <0.001

Female word count 505 (452) 12–1249 584 (376) 110–1166 1.00** <0.001

Male word count 115 (166) 5–476 81 (146) 0–403 0.52 0.30

Conversational turn count 8 (9) 1–26 4 (5) 0–14 0.08 0.87

Child vocalization count 15 (21) 1–55 4 (5) 0–16 -0.10 0.83

Silence (s) 267 (106) 139–414 70 (37) 15–106 0.86* 0.01

† p<0.10 *p<0.05, ** p<0.01, significant results are bolded

LENA = Language Environment Analysis
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4.2	 Lexical abilities of very preterm children, and 
associations between lexical processing and 
development 

In terms of lexical processing at 18 months, the mean reaction time in the 
processing assessment was 1637 ms. The mean proportion of correct looking 
time for the early time window was 0.52 and for the late time window 0.48 
respectively. For the total time window, the mean proportion of correct looking 
time was 0.50. The number of successful trials was the following: for reaction 
time mean 8; for correct looking time early time window 19 and late time window 
13; and for the total time window 13, respectively. The total descriptive data 
from the lexical processing assessment conducted at 18 months of corrected age 
is presented in Table 7 (Study III, n = 29; data for the early and late windows 
not published in the original article). The descriptive lexical processing data for 
Study II is presented in the original article.

Table 7. Descriptive statistics for lexical processing values (n = 29) measured at 18 months 
of corrected age. Reaction time is displayed in milliseconds and correct looking time is in 
proportion of time.

Lexical processing variable Mean (SD) Min.−Max.

Reaction time 1037 (320) 306−1728

Correct looking time: ET 0.52 (0.14) 0.16−0.83

Correct looking time: LT 0.48 (0.13) 0.24−0.74

Correct looking time: TT 0.50 (0.11) 0.24−0.71

ET = Early time window; LT = Late time window; TT = total time window

Data for the early and late windows not published in the original article.

In terms of lexical development during the beginning of the second year of life, the 
results showed an increase in developmental skills from 12 months to 18 months, 
but broad variation at all measure points. The FinCDI-SF mean receptive values 
at 12,15 and 18 months were 20, 38, and 52 (normative mean values: 23, 48, 
and 67). The mean expressive values were 2, 8, and 20, respectively (normative 
values: 3, 9, and 26). The FinCSBS-ITC mean Symbolic Composite values at 
12,15 and 18 months were 8, 12, and 14 (normative mean values: 10, 13, and 15). 
The mean Speech Composite values were 6, 8, and 10, respectively (normative 
values: 8, 9, and 11). Descriptive statistics for the data on lexical development 
between 12 and 18 months (Study III, data from 12 months not published in the 
original article) are presented in Table 8. The descriptive lexical development 
data for Study II is presented in the original article.
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Table 8.	 Descriptive statistics for lexical development measures from the FinCDI-SF and 
the FinCSBS-ITC at 12, 15, and 18 months of corrected age.

Method 12 months 15 months 18 months

Mean (SD) Min.−Max. Mean (SD) Min.−Max. Mean (SD) Min.−Max.

FinCDI-SF Lexical development

Rec 20 (15) 2−66 38 (19) 1–78 52 (22) 3–88

Expr 2 (3) 0−12 8 (9) 0–31 20 (16) 0–60

FinCBCS-ITC Lexical development

SyC 8 (2) 4−14 12 (3) 5–17 14 (2) 8–17

SpC 6 (2) 3−11 8 (3) 2–13 10 (3) 3–14

FinCDI-SF = the Finnish short form version of the MacArthur Communicative Development 
Inventories; Fin-CSBS-ITC = the Communication and Symbolic Behavior Scales, Developmental 
Profile, Infant-Toddler Checklist; Rec = Receptive lexical; Expr = Expressive lexical; 
SyC = Symbolic Composite (understanding of words, object use); SpC = Speech Composite 
(vocalizations, expressive words)

Note: data retrieved from language items varied between 35−39 cases.
Data from 12 months not published in the original article.

Regarding the associations between lexical processing reaction time at 18 
months of age and lexical development at 12, 15 and 18 months of age, statistically 
significant and negative associations were found between reaction time and 
FinCSBS-ITC Speech Composite variables at 12 and 15 months (r-values = -0.45 
and -0.51). Further, the association between reaction time and FinCSBS-ITC 
Speech Composite value at 18 months nearly reached the significance level (r = 
-0.43). The results indicated that the more slowly the child looked to the target 
image after the target word onset, the weaker the child’s speech development.

Regarding the associations between lexical processing correct looking time 
and lexical development, statistically significant and positive associations 
were found between correct looking time and FinCDI-SF expressive lexical 
development at 15 and 18 months, and with FinCSBS-ITC Symbolic Composite 
value at 12 months and Speech Composite value at 18 months (r-values varied 
between 0.43 and 0.58). Further, the association between correct looking time 
early time window values and FinCSBS-ITC Symbolic and Speech Composite 
values at 18 months nearly reached significance level (r = 0.37 and 0.42). 
The results indicate that the longer the child looked at the target image, the 
stronger the child’s symbolic, speech or expressive lexical development. The 
associations between lexical processing values measured at 18 months and 
lexical developmental values measured at 12, 15, and 18 months are presented 
in Table 9.
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Table 9.	Correlations (Spearman’s r-values) between lexical processing values measured at 
18 months of corrected age and lexical developmental values from the FinCDI-SF and the 
FinCSBS-ITC at 12, 15 and 18 months of corrected age. 

Lexical processing Fin-CDI-SF Lexical development

12 months 15 months 18 months

  Rec Expr Rec Expr Rec Expr

RT ¹ r -0.21 -0.15 -0.29 -0.29 -0.31 -0.29

p 0.36 0.51 0.20 0.20 0.15 0.19

CLT ET r 0.12 0.11 0.37† 0.58** 0.34 0.46*

p 0.61 0.62 0.09 0.00 0.11 0.03

CLT LT ¹ r 0.18 0.14 0.17 0.25 0.28 0.52*

p 0.44 0.56 0.45 0.28 0.21 0.01

FinCSBS-ITC Lexical development

SyC SpC SyC SpC SyC SpC

RT ¹ r -0.34 -0.51* -0.26 -0.45* -0.11 -0.43†

p 0.14 0.02 0.29 0.04 0.63 0.05

CLT ET r 0.43* 0.26 0.42† 0.19 0.42† 0.37†

p 0.05 0.27 0.07 0.39 0.05 0.09

CLT LT ¹ r 0.52* 0.37 0.35 0.15 0.10 0.45*

p 0.02 0.10 0.15 0.52 0.67 0.04

† p<0.10 *p<0.05, ** p<0.01, significant results are bolded

RT = Reaction time; CLT = Correct looking time; ET = Early time window; LT = Late time 
window; FinCDI-SF = the Finnish short form version of the MacArthur Communicative 
Development Inventories; Fin-CSBS-ITC = the Communication and Symbolic Behavior Scales, 
Developmental Profile, Infant-Toddler Checklist; Rec = Receptive lexical; Expr = Expressive 
lexical; SyC = Symbolic Composite (understanding of words, object use); SpC = Speech 
Composite (vocalizations, expressive words)

¹ data from one case was missing.

Note: data retrieved from lexical items varied 19–23 cases.
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The statistically significant linear regression models, with the lexical processing 
variables that best explained the variance in lexical development at 18 months, 
included expressive development as the dependent variable and lexical processing 
values (Model 1: reaction time, Model 2: correct looking time) and gender as 
explaining variables. Models 1‒2 with FinCDI-SF expressive lexical development 
as dependent variables explained 24% and 40% of the variation in expressive 
development, respectively. Correct looking time was a significant explanatory 
variable. Models 3‒4 with FinCSBS-ITC Speech Composite values as dependent 
variables explained 33% and 26% of the variance. As explanatory variables, 
reaction time and correct looking time nearly reached statistical significance. 
Gender was a significant explanatory factor in all four models. The models are 
presented in Table 10.

Table 10. Linear regression models with expressive values measured at 18 months of corrected 
age as dependent variables. Reaction time (RT), correct looking time (CLT, late time window), 
and gender were the independent variables. 

Independent variable B 95% CI R² (adj R²) F p

Model 1: FinCDI-SF Expressive lexical skills 0.31 (0.24) 4.22 0.03*

RT -0.02 -0.04−0.01 0.12

Gender -17.08 -31.25−2.92 0.02*

Model 2: FinCDI-SF Expressive lexical skills 0.46 (0.40) 8.01 <0.01**

CLT 65.20 17.73−112.67 0.01*

Gender -17.55 -30.08− -5.03 0.01*

Model 3: FinCSBS-ITC Speech Composite 0.40 (0.33) 5.98 0.01*

RT -0.00 -0.01−0.00 0.05†

Gender -3.23 -5.47− -0.99 0.01*

Model 4: FinCSBS-ITC Speech Composite 0.33 (0.26) 4.43 0.03*

CLT 7.74 -0.92−16.39 0.08†

Gender -2.72 -5.04− -0.40 0.02*

† p<0.10 *p<0.05, ** p<0.01, significant results are bolded

FinCDI-SF = the Finnish short form version of the Communicative Developmental Inventories; 
FinCSBS-ITC = the Finnish version of the Symbolic Behavior Scales, Developmental Profile, 
Infant-Toddler Checklist; Symbolic Composite = understanding of words, object use; Speech 
Composite = vocalizations, expressive words
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4.3	 Associations between language environment and 
parent-infant closeness in the neonatal intensive care 
unit, and lexical abilities of very preterm children

4.3.1	 Descriptive data of language environment and parent-infant 
closeness 

Based on the LENA estimates from the NICU, the mean adult word count value 
per hour was 700. The mean female word count value was 571, the mean male 
word count value was 140, and the mean number of conversational turns was 
6. In the sample of 43 infants, the mean number of child vocalizations per hour 
was 23. However, the individual variation was broad. The data describing the 
language environment (Study III, n = 43) in the NICU are demonstrated in 
Table 11.

Table 11.	Descriptive statistics (N = 43) derived from LENA used in the neonatal intensive 
care unit for 16 hours. 

LENA values (rate/hour) Mean (SD) Min.−Max.

Adult word count 700 (420) 102–2320

Female word count 571 (335) 92–1501

Male word count 140 (161) 10–820

Conversational turn count 6 (7) 1–42

Child vocalization count 23 (20) 2–113

LENA = Language Environment Analysis

Based on the Parental Closeness diaries, the mothers spent 435 minutes per 
day in the NICU and the fathers 265 minutes per day, respectively (data not 
published in the original Study III). The mean value for mothers’ close contact 
(skin-to-skin contact + holding) was 164 minutes/day and the mean value for 
fathers’ close contact (skin-to-skin contact + holding) was 81 minutes/day. There 
was considerable individual variation in parental presence and close contact 
values. The data describing parental closeness values (Study III, n = 43) in the 
NICU are presented in Table 12.



57

Results 

Table 12.	Descriptive statistics (N = 43) were derived from the parental closeness diaries 
used in the neonatal intensive care unit for 14 days. 

Parental closeness values (minutes/day) Mean (SD) Min.−Max.

Maternal presence 435 (146) 225–822

Paternal presence 265 (177) 0−712

Parental presence 701 (299) 253−1532

Mother-infant close contact 159 (61) 26−369

Father-infant close contact 78 (63) 0−245

Parent-infant close contact 236 (102) 52−506

Note: Parental values are the sum variables of the mother’s and father’s mean values. Close 
contact values are the sum variables of mean skin-to-skin contact and holding measures. 

Data on parental presence not published in the original article.

4.3.2	 Associations between language environment, parent-infant 
closeness, and lexical abilities 

Regarding values measured in the NICU and lexical processing skills at 18 
months of age, the following statistically significant associations were detected. 
Adult and female word counts estimated by the LENA system in the NICU were 
significantly and negatively associated with lexical processing correct looking 
time values (r = −0.38– −0.40). The higher the LENA estimated adult and female 
word count values near the child in the NICU, the less correct looking time the 
child showed in the processing task at 18 months. No significant associations 
were found between LENA values and the measured reaction time in the lexical 
processing task. 

Regarding values measured in the NICU and lexical development between 
12 and 18 months of age the following associations were found. Statistically 
significant associations were found between LENA-estimated conversational 
turns in the NICU and very preterm children’s later lexical development (r = 
0.42−0.46). The higher the conversational turn count value in the NICU, the 
stronger the receptive lexical development the child exhibited at 15 and 18 months 
(r = 0.42−0.46). Further, the higher the LENA-estimated child vocalization count 
value in the NICU, the stronger the receptive lexical skills the child showed at 15 
and 18 months of corrected age (r = 0.42−0.57). No significant associations were 
found between adult word count in the NICU and later lexical development. The 
longitudinal associations between language environmental values measured in 
the NICU and lexical abilities measured during the second year of life (Study 
III) are presented in Table 13.
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Table 13. Longitudinal associations (Spearman’s r-values) between language environment 
measured in the neonatal intensive care unit, lexical processing values at 18 months of 
corrected age and lexical development values at 12, 15 and 18 months of corrected age. 

LENA
variable

Lexical
Processing

Lexical development
FinCDI-SF

Lexical development
FinCSBS-ITC

18 months 15 months 18 months 15 months 18 months

RT CLT Rec Expr Rec Expr SyC SpC SyC SpC

AWC 0.05 -0.40* -0.13 -0.20 -0.11 -0.13 0.05 -0.24 0.02 0.07

FWC 0.12 -0.38* -0.05 -0.13 -0.09 -0.07 0.13 -0.21 0.05 0.05

MWC -0.34† -0.20 -0.21 -0.16 0.01 0.07 -0.10 -0.07 -0.07 0.28†

CTC 0.25 -0.05 0.42** 0.22 0.46** 0.07 0.44* 0.25 0.21 0.17

CVC 0.28 0.14 0.49** 0.42* 0.57** 0.29† 0.57** 0.30† 0.23 0.32†

† p<0.10 *p<0.05, ** p<0.01, significant results are bolded

LENA = Language Environment Analysis; FinCDI-SF = the Finnish short form version of 
the Communicative Developmental Inventories, FinCSBS-ITC = the Finnish version of the 
Symbolic Behavior Scales, Developmental Profile, Infant-Toddler Checklist; AWC = Adult 
word count, FWC = Female Word count, MWC = Male word count, CTC = Conversational turn 
count, CVC = Child vocalization count, RT = Reaction time, CLT = correct looking time (total 
time window); Rec = Receptive lexical; Expr = Expressive lexical; SyC = Symbolic Composite 
(understanding of words, object use); SpC = Speech Composite (vocalizations, expressive words)

Note: data retrieved from lexical ability measures varied 30−38 cases.

Regarding the parental closeness values documented in the NICU and lexical 
abilities between 12 and 18 months the following associations were detected. 
The father’s presence in the NICU was statistically significantly and negatively 
associated with lexical processing reaction time (r = -0.40) at 18 months of age. 
The longer the father was present in the NICU, the faster the reaction time of the 
child in the processing task. Maternal presence was not significantly associated 
with lexical processing values. Further, no significant associations were found 
between the duration of parental presence documented in the NICU and very 
preterm children’s later lexical development.

No statistically significant associations were found between maternal or 
paternal close contact and lexical processing values. However, maternal and 
paternal close contact values were significantly and positively associated with 
lexical developmental values at 15 and 18 months (r = 0.35−0.39). The longer 
the duration of parent-infant close contact in the NICU, the stronger the lexical 
skills the child showed at 15 and 18 months. Further, no statistically significant 
associations (r = -0.08−0.27) between language environment values and parental 
close contact values were found. The longitudinal associations between parent-
infant closeness values measured in the NICU and lexical abilities measured 
during the second year of life are presented in Table 14 (Study III, data on 
associations between parental presence and lexical abilities were not presented 
in the original articles).
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Table 14. Longitudinal associations (Spearman’s r-values) between parent-infant closeness 
values from the neonatal intensive care unit, lexical processing values measured at 18 months 
of corrected age and lexical development values measured at 15 and 18 months of corrected 
age. 

Closeness
variable

Lexical
Processing

Lexical development FinCDI-
SF

Lexical development 
FinCSBS-ITC

18 months 15 months 18 months 15 months 18 months

RT CLT Rec Expr Rec Expr SyC SpC SyC SpC

Maternal
presence

-0.26 0.10 0.21 -0.03 0.14 -0.14 0.10 0.17 0.00 -0.09

Paternal
presence

-0.40* 0.23 0.23 0.01 0.06 -0.04 0.22 0.20 0.05 0.00

Parental
presence

-0.36† 0.16 0.22 0.02 0.09 -0.11 0.15 0.20 -0.01 -0.07

Maternal
close contact

-0.30 0.11 0.13 0.19 0.24 0.28† -0.04 0.36* 0.03 0.38*

Paternal
close contact

-0.32 0.26 0.29† 0.04 0.35* 0.17 0.27 0.31† 0.15 0.31†

Parental
close contact

-0.33† 0.18 0.23 0.14 0.37* 0.28† 0.15 0.37* 0.12 0.39*

† p<0.10 *p<0.05, ** p<0.01, significant results are bolded

FinCDI-SF = the Finnish short form version of the Communicative Developmental Inventories; 
FinCSBS-ITC = the Finnish version of the Symbolic Behavior Scales, Developmental Profile, 
Infant-Toddler Checklist; RT = Reaction time; CLT = correct looking time (total time window); 
Rec = Receptive lexical; Expr = Expressive lexical; SyC = Symbolic Composite (understanding  
of words, object use); SpC = Speech Composite (vocalizations, expressive words)

Note: data retrieved from lexical ability measures varied 30−38 cases.

Data on parental presence not published in the original article.

The linear regression models with the environmental and parental close contact 
values that best explained the variance in lexical skills at 18 months contained 
receptive skills as dependent variables and conversational turns, parental close 
contact, and gender as independent variables. Models 1 and 3 were statistically 
significant. Model 1, with FinCDI-SF receptive lexical values as dependent 
variables, explained 34% of the lexical development variation at 18 months. 
CTC and gender were significant explanatory variables. Model 2, with FinCSBS-
ITC Symbolic Composite values as dependent variables, explained 35% of the 
variation. CTC and gender were significant explanatory variables. The linear 
regression models are presented in Table 15.
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Table 15. Linear regression models with lexical developmental values measured at 18 months 
as dependent variables. Conversational turn count, parental close contact, and gender were 
independent variables. 

Independent variable B 95% CI R (adj R) F p

Model 1: FinCDI-SF Receptive lexical development 0.43 (0.34) 4.85 0.01*

Conversational turn count 12.45 1.91,22.99 0.02*

Parental close contact 0.04 -0.03, 0.12 0.25

Gender -18.77 -35.48, -2.06 0.03*

Model 2: FinCDI-SF Expressive lexical development 0.25 (0.13) 2.06 0.14

Conversational turn count 2.80 -6.40, 12.00 0.53

Parental close contact 0.02 -0.05, 0.08 0.57

Gender -15.47 -30.04, -0.89 0.04*

Model 3: FinCSBS-ITC Symbolic Composite 0.44 (0.35) 4.79 0.01*

Conversational turn count 1.19 0.09, 2.30 0.04*

Parental close contact 0.00 -0.01, 0.01 0.68

Gender -2.33 -4.11, -0.56 0.01*

Model 4: FinCSBS-ITC Speech Composite 0.35 (0.25) 3.28 0.05†

Conversational turn count 0.45 -0.96,1.86 0.51

Parental close contact 0.01 -0.00, 0.02 0.08†

Gender -2.54 -4.80, 0.27 0.03*

† p <0.10 *p <0.05, ** p <0.01, significant results are bolded

FinCDI-SF = the Finnish short form version of the Communicative Developmental Inventories; 
FinCSBS-ITC = the Finnish version of the Symbolic Behavior Scales, Developmental Profile, 
Infant-Toddler Checklist; Symbolic Composite = understanding of words, object use; Speech 
Composite = vocalizations, expressive words.
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5	 DISCUSSION

The main focus of the present dissertation was to investigate the role of language 
environment in the NICU on the early lexical abilities of very preterm children. 
The first main aim was to study the validity and usability of new methods 
in evaluating language environment and lexical processing of very preterm 
children. The second main aim was to study the longitudinal associations 
between language environment and parent-infant closeness in the NICU, and 
early lexical abilities of very preterm children. The main findings demonstrated 
that the LENA system provided valid estimates of female labels, and adult and 
female word counts when compared to human coder estimates. Further, the 
findings imply that the eye tracking-based lexical processing task provides 
usable and valid information on preterm children’s early processing skills. The 
very preterm children’s lexical processing at 18 months was associated with 
expressive lexical development. The findings on the longitudinal associations 
between the NICU language environment and parent-infant closeness, and later 
lexical abilities revealed that conversational turn and child vocalization counts, 
and parent-infant close contact were significantly and positively associated with 
the later lexical development of very preterm children. A high measure of adult 
word count was negatively associated with lexical processing correct looking 
time at 18 months.

5.1	 Discussion of the main findings 

5.1.1	 Validity of the Language Environment Analysis system in the 
neonatal intensive care unit 

The findings from the validity study demonstrated high agreement for female 
labels and adult and female word counts in both the Finnish and Estonian 
language contexts. The LENA system has previously been investigated in only 
one study in the Finnish language setting, with children aged 6-12 months (Elo, 
2016). Additionally, LENA has been utilized in the Estonian language setting in 
one study, with children aged 3−4 years (Tulviste & Tamm, 2021). The current 
findings are in line with the findings from the previous Finnish study (Elo, 2016), 
and also from studies in other non-English languages (Bruyneel et al., 2021; 
Canault et al., 2016; Gilkerson et al., 2015; Schwarz et al., 2017). The adult word 
count is a core function of the LENA system (Gilkerson & Richards, 2020) and 
is found to be relatively robust across different samples, including samples of 
different dialects and language contexts (Cristia et al., 2021). Thus, the present 
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findings also verify the usability of the LENA-provided estimates for adult word 
count in the less-studied Finnish and Estonian language settings.

The present study provided novel information on the LENA estimates from 
two different NICU contexts. Use of the LENA system in the Finnish and Estonian 
NICU settings has not previously been reported. Both units have an emphasis 
on family centered care. At the time of the recordings, most infants in the Turku 
unit stayed in single-family rooms and most infants in the Tallinn unit stayed 
in rooms with two children or more. The sound and language environments in 
different NICUs may vary. Single-family rooms may induce lower sound levels 
(Philbin, 2017; Pineda et al., 2017) and increased parental presence (Kainiemi 
et al., 2021; van Veenendaal et al., 2020), while rooms with several infants may 
imply more overlapping talk and noise (Rand & Lahav, 2014). Still, in the present 
study, the validity results for female labels and adult and female word counts 
were mainly equivalent for both units. Thus, the findings confirm the validity 
and usability of the LENA system as an instrument to measure adult word count 
in the Finnish and Estonian NICU settings. Further, the results propose that 
the LENA-provided adult word count measure is valid in both single-family and 
open-bay NICU units. 

The present findings demonstrated lower agreement between LENA- and 
human coder-provided male labels and word counts than for adult word count. 
The present finding is in line with findings from the previous study utilizing 
the LENA system in the Finnish language context (Elo, 2016). The findings also 
correspond to the findings from the in-depth evaluation of the LENA system 
measures (Cristia et al., 2021). The evaluation reported a weaker accuracy for 
male adult measures than for the adult word count measures, and a tendency 
of the LENA system to confuse female and male labels (Cristia et al., 2021). 
In the present sample, it is also possible that the LENA system could not 
differentiate between some male and female voices due to different language-
specific features in the Finnish and Estonian languages, compared with the 
features of the normative American-English sample, such as the speakers’ use 
of a falling intonation towards the end of the sentences (Karlsson, 2008) or a 
lower voice frequency of female speakers (Leino et al., 2008). The agreement 
for male labels and word counts might also have been influenced by the smaller 
quantity of male speech in the current sample. To conclude, the findings from 
the present and previous studies (Cristia et al., 2021; Elo, 2016) indicate that 
the LENA adult word count is a more reliable measure than the LENA female 
and male word counts.

The correlation coefficient value expressing the agreements between LENA 
and a human coder for the conversational turn count in the Turku NICU 
was rather high (r = 0.73). However, total agreement (Turku and Tallinn) for 
the conversational turn count was considerably lower (r = 0.23), which is in 
line with findings from previous studies (Bruyneel et al., 2021). The LENA- 
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measured conversational turn count was originally based on adult speech and 
vocalizations of children from 2 months of age (Gilkerson et al., 2017), which 
may have influenced the present agreement. The infant’s ability to communicate 
and participate in interaction develops within the social context of attentive and 
responsive caregivers (Gratier & Devouche, 2017). In the NICU, the preterm 
infant’s active participation in social interaction is in the very early stages of 
development and how the caregiver responds to the infant’s signals is essential 
(Gratier & Devouche, 2017). Studies report that caregivers respond to new-
born infants’ protophones as precursors to speech and interact with them in a 
conversational way (Yoo et al., 2018), already in the NICU (Oller et al., 2019). 
Consequently, in the NICU context, the conversational turn count implies that 
the adult interprets the preterm infant’s protophones and responds to them 
accordingly. 

It is also possible that the validity of the conversational turn count may vary 
in different NICU environments and samples, depending on room type, noise, 
overlapping talk or the medical status of the infants. In the present sample, the 
agreement for the conversational turn count was lower in the Tallinn unit than 
in the Turku unit. In Tallinn the infants stayed in rooms with two infants or 
more, which may elicit more overlapping talk and noise (Rand & Lahav, 2014). 
Conversational turn count values from the NICU are scarcely reported (Best 
et al., 2018). Generally, more validity information on the LENA conversation 
turn count estimate is still required (Cristia et al., 2020; Cristia et al., 2021). 
However, whether the accuracy of a LENA system automatic measure can be 
considered adequate for a specific study depends on the objective of the study 
(Cristia et al., 2021). Taking this into account, the current findings suggest 
that the LENA-provided estimate for conversational turns can be used to 
estimate early conversational turn-taking in the NICU setting. This is relevant, 
because caregivers are found to frequently interact with preterm infants in a 
conversational way in the NICU (Oller et al., 2019), and in this context, the 
caregivers’ responses are important.

Agreement between LENA and a human coder for key child labels and child 
vocalization count was low. The LENA system was originally normed for children 
between 2 and 48 months of age (Gilkerson & Richards, 2008; Gilkerson & 
Richards, 2020; Gilkerson et al., 2017). Thus, the low agreement can be explained 
by the difference in the features of the very preterm infants’ vocalizations and 
the vocalizations of the older children in the normative sample of the LENA 
system. The present agreement was also lower than in previous research in the 
Finnish language context, where the participants were 6−12 months old, and 
thus, within the normative scope of the LENA system (Elo, 2016). LENA has 
been found to accurately estimate vocalizations of children that are older than 
the children in the norming sample (Cristia et al., 2021). However, the automatic 
estimations of the very early child vocalizations in the NICU are likely to be more 
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challenging than estimating the vocalizations of older children. Studies from 
the NICU have reported that preterm infants are already starting to vocalize 
by producing protophones, i.e., vocants, squeals, and growls, at 32 weeks of 
gestational age (Caskey et al., 2011; Oller et al., 2019). Thus, in the NICU context, 
the LENA measured child vocalization count implies differentiating the infant’s 
protophones from vegetative sounds or cries. In the NICU, the medical condition 
or care of the infant, such as incubation care, may also influence the vocalizations 
and the validity of the LENA estimates. More information on the validity of the 
LENA estimates of child vocalizations of very preterm infants in the NICU is 
needed.

In the present study, both LENA- and human coder-estimated numbers of 
child vocalizations were lower than in a previous study conducted in the NICU 
(Oller et al., 2019). The differences might be explained by differences in the 
sample selection, as the present study included and the previous study (Oller 
et al., 2019) excluded samples when the infants were asleep. Furthermore, the 
presence of the parents and parental speech (Caskey et al., 2011; Caskey & Vohr, 
2013) and the use of infant-directed speech (Oller et al., 2019) in the recorded 
NICU environment might influence the number of infant vocalizations. To be 
noted, it might also be challenging for the LENA system and for the human coder 
to differentiate very preterm infants’ early vocalizations from vegetative sounds.

The agreements between LENA and human coder estimates for silence labels 
varied between the two different measures (labels and counts) investigated and 
between the Turku and Tallinn units. The primary objective of the LENA system 
is to measure the language environment (Gilkerson et al., 2017). The system 
was originally developed to ensure the identification and differentiation of child 
vocalizations and adult words to provide feedback on adult behavior (Gilkerson & 
Richards, 2020) and the validity of the LENA estimates of silence are not widely 
described. Further, the validity of the silence measure is difficult to investigate 
because the LENA automatic measurement of silence probably differs from 
the human perception and measurement. The LENA system can automatically 
measure a brief duration of silence or pauses during speech (Gilkerson & 
Richards, 2020), which are challenging for a human coder to manually measure. 
However, because silence, noise, and electronics are elements of interest in the 
NICU sound environment, it is relevant to further investigate the LENA non-
speaker labels and estimates of silence in NICU settings.

In conclusion, based on the findings, the advantage of the LENA system in 
the NICU context can be described as functioning as a non-intrusive and valid 
method to automatically measure the number of adult words during day long 
recordings. Further, the method provides valuable information on very early 
adult-infant conversational turn taking, in this context especially on adults’ 
responses and interaction with early protophones or signals of the preterm 
infants. The limitations of the method in this context include the lower validity of 
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infant vocalizations especially. Furthermore, because the LENA system provides 
information on mainly quantity aspects of language environment, non-verbal 
interaction elements and comprehensive quality aspects of early adult-infant 
interaction cannot not be investigated with this method.

5.1.2	 The eye tracking-based lexical processing task and its 
associations to lexical development

The present study provides novel information on the usability and validity of 
an eye tracking-based lexical processing task, adapted to assess the lexical 
processing of Finnish-acquiring very preterm children. The individual variation 
in performance was broad, which corresponds to information on processing 
skills at 18 months (Fernald et al., 2006). Furthermore, the children exhibited 
a slightly longer reaction time than in previous studies with mainly full-term 
children (Egger et al., 2020), which might be related to the sample of preterm 
children, the task, or the target words used. 

The preterm children that exhibited more efficient lexical processing at 18 
months also showed stronger symbolic development at 12 months, and stronger 
expressive lexical or speech development at 15 and 18 months. According to 
previous research, the associations between the processing measures and other 
language measures, assessed with traditional methods, are the most convincing 
evidence of the validity of the processing assessment (Marchman & Fernald, 
2013). Thus, the associations found in the present study indicate that the task 
can be a useful and potentially valid method for measuring the lexical processing 
of Finnish-acquiring very preterm children at 18 months. 

This study provided information on the associations between very preterm 
children’s lexical processing and prior lexical development at an earlier age than 
in previous studies (Loi et al., 2017; Marchman et al., 2019; Ramon-Casas et al., 
2013). The lexical processing correct looking time was linked to symbolic skills 
at 12 months, expressive lexical skills at 15 months, and expressive lexical and 
speech development at 18 months. Thus, the associations suggest that lexical 
processing at 18 months was related to early lexical growth during the first 
part of the second year of life. Research has shown that full-term children 
with faster lexical growth during the second year of life exhibit more efficient 
processing at 25 months (Fernald et al., 2006). The present findings confirm 
similar patterns of associations in very preterm children. Further, because the 
FinCSBS-ITC Speech Composite also measures vocalizations and babbling, the 
current findings indicate that very preterm children’s vocalizations at 12 months 
can be linked to later lexical processing. This is in line with the findings from 
a study in which preterm born (born between 23 and 34 gestational weeks) 
children’s babbling was linked to later language outcomes (Stolt et al., 2012). 
However, the present finding still needs to be verified in future research. 
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The present study investigated both the reaction time (speed) and correct 
looking time (accuracy) of lexical processing, while many previous studies 
(Marchman et al., 2016; Marchman et al., 2019; Marchman & Fernald, 2008; 
Marchman et al., 2018; Peter et al., 2019) have focused on processing reaction 
time. Using the two different variables made it possible to obtain a versatile 
picture of the Finnish-acquiring very preterm children’s processing skills. The 
findings on connections between processing reaction time and prior or concurrent 
expressive skills are consistent with research on full-term children (Fernald 
et al., 2006; Peter et al., 2019). Moreover, the findings are also comparable 
to findings on links between preterm children’s processing and concurrent 
language development (Loi et al., 2017). The present study provides additional 
information on associations between processing and lexical development in very 
preterm children, suggesting that both reaction time and correct looking time 
were associated with prelinguistic and expressive lexical development at 12, 15 
and 18 months.

In the linear regression analyses correct looking time was more significant 
than reaction time for explaining the expressive lexical development of very 
preterm children at 18 months. The reaction time values were derived from 
fewer trials, which might have influenced the results. In the linear regression 
model, correct looking time and gender explained a substantial percentage of 
expressive skills at 18 months. The findings, together with findings from a limited 
number of previous studies (Loi et al., 2017; Marchman et al., 2016; Marchman 
et al., 2019; Marchman et al., 2022), highlight the relevance of assessing early 
processing skills in very preterm children and demonstrate the importance of 
lexical processing in explaining expressive lexical development at 18 months. 
Furthermore, gender was a significant explaining variable in the regression 
models. The finding is in line with findings from some studies that have reported 
lower language scores for preterm boys than for preterm girls (Månsson et al., 
2015; Sanchez et al., 2019; Sansavini, Guarini, Savini, et al., 2011).

The target words in the present study differed from the words used in previous 
processing tasks. The words in the present task included nouns, verbs, and an 
adjective, while most studies (Loi et al., 2017; Marchman et al., 2019; Marchman 
et al., 2018) on preterm children’s processing have used only nouns as target 
words. Verb acquisition is a more demanding process than noun acquisition, 
and a lexicon containing more verbs is a sign of maturity (Hirsh-Pasek et al., 
2006). Also, the target words included 3 difficult nouns, reported to be known by 
less than 60% of Finnish typically 18-months-old children (Stolt & Vehkavuori, 
2018). Further, the present target words included vowel-initial words, three-
syllable-long words, and words with diphthongs- typical characteristics of 
Finnish words (Karlsson, 1983, 2008). 

Due to the characteristics of the target words the participants might have 
needed a longer time to process the words. This was taken into consideration 
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by using a wider total time window in the correct looking time analyses than in 
previous research (Fernald et al., 2006; Loi et al., 2017; Marchman et al., 2019). 
Further, the total time window was divided into early and late time windows. 
The associations between lexical processing correct looking time and lexical 
development were evident during both time windows. In a previous study with 
full-term children at 12 months, differences in processing skills between children 
with small and large lexicons were found mainly during the early time window 
(Lany et al., 2018). The differences between findings might be related to the 
characteristics and age of the very preterm participants in the present study, 
differences in the processing tasks used, or language-specific issues. 

Finally, some features might have positively influenced the accuracy of the 
present eye tracking-based processing task. The task utilized a large number of 
trials and an extended time window. Because the use of a large number of trials 
may improve the accuracy (Fernald & Marchman, 2012) and the use of a long 
time window may improve the reliability of the task (Zettersten et al., 2021), 
these factors might have had a positive impact on the validity of the task. Also, 
the use of unyoked pairs in the trials might have reduced the impact of image 
salience, which also might have improved the validity of the task. 

5.1.3	 Associations between language environment and parent-infant 
close contact in the neonatal intensive care unit, and lexical 
abilities of very preterm children

One of the main findings of the present dissertation was the positive associations 
between adult-infant conversational turn-taking in the NICU and very preterm 
children’s later receptive lexical development. The conversational turn count is 
counted based on both adult words and child vocalizations and is more likely 
to contain infant-directed speech than the adult word count (Gilkerson et al., 
2018; Wang et al., 2020). The current findings support previous findings and 
recommendations for sensitive and interactive talk in the NICU (Caskey et al., 
2014; DeMaster et al., 2019; Kuhn et al., 2017; Rand & Lahav, 2014; Saliba et al., 
2020). The findings are in line with the findings from the study by Caskey et al. 
(2014), which also reported positive correlations between conversational turn 
count in the NICU and later language scores of very preterm infants. However, 
the previous study did not include the conversational turn count variable in 
further analyses. The present findings are also consistent with findings from 
research on full-term children that reported stronger links between LENA-
estimated conversational turn count and child language outcome than between 
adult word count and language outcome (Gilkerson et al., 2018; Wang et al., 2020; 
Zimmerman et al., 2009). However, the present study describes conversational 
turn-taking between adults and preterm infants at 32−33 gestational weeks of 
age. Thus, the study provides information from a very young age, a vulnerable 
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group, and a sensitive context. As the LENA system may have challenges in 
identifying NICU child vocalizations, the child vocalization count may include 
some vegetative sounds as part of the conversational turn count. Still, it is 
plausible that caregiver responses to any early signals or sounds of the preterm 
infant may have a beneficial impact and should be encouraged. 

The conversational turn count was positively associated with receptive lexical 
development. The finding differs from previous findings (Caskey et al., 2014), 
where the NICU conversational turn count measure at 32 gestational weeks of age 
was positively associated with language and expressive communication scores at 
18 months. Different methods and outcome measures might have contributed to 
the divergence in findings. The present study provides information specifically 
on connections to lexical development rather than to general language abilities. 
During the first part of the second year of life the growth of the receptive lexicon 
is rapid, while the expressive words are just emerging (Stolt et al., 2008), which 
may explain the current associations to receptive lexical skills. Further, the 
individual variation in receptive lexical development during the first part of the 
second year of life is broad (Stolt et al., 2008), which may also contribute to the 
strength of the associations. Importantly, the association between conversational 
turn count and receptive lexical development is a significant finding, because 
early receptive skills especially are found to predict later language development 
in preterm children (Stolt et al., 2009; Stolt et al., 2016).

A novel finding of the present dissertation demonstrated that a high measure 
of adult word count near the infant in the NICU was linked to less correct looking 
time in the lexical processing task at 18 months. The results might be related to the 
auditory sensitivity of the preterm infant, described in previous research (Adam-
Darque et al., 2020; Kuhn et al., 2017; McMahon et al., 2012). Preterm infants in 
the NICU react differently to familiar and unfamiliar voices (Kuhn et al., 2017) 
and different types of talk (Saliba et al., 2020). Due to medical care procedures, 
very preterm infants may experience a considerable amount of overheard talk. 
The infant might perceive simultaneous overheard talk as background noise, 
which might hinder the infant from distinguishing meaningful talk and might 
not enhance specific speech and language processing skills (Rand & Lahav, 
2014). To my knowledge, connections between NICU language environmental 
factors and later lexical processing skills of very preterm children have not 
previously been described. Previous studies have mainly reported associations 
between language environment and processing skills during the second year 
of life (Adams et al., 2018; Weisleder & Fernald, 2013) or later in childhood 
(Romeo et al., 2018). Importantly, the present study provides information from 
a very early critical developmental stage. Thus, the present findings might not 
be comparable to findings from studies on older children.

Interestingly, in the present study, the adult word count measured in the 
NICU and processing correct looking time measured at 18 months of age 
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were significantly and negatively associated, while adult word count was not 
significantly associated with processing reaction time. Differences in the 
associations between the adult word count measure in preterm children’s 
environment and the processing reaction time and correct looking time (accuracy) 
values were also noted in a previous study, performed at a later age (Adams 
et al., 2018). However, associations between adult word count and processing 
skills during the second year of life may not be comparable to the associations 
between adult word count measured in the NICU near the preterm infant at 
32−33 gestational weeks of age and later processing skills. 

The adult word count near the very preterm child in the NICU was not 
associated with later lexical development. This finding differs from the findings 
of the previous study, which reported a positive association between the adult 
word count in an open bay NICU and language scores of very preterm children 
at 18 months (Caskey et al., 2014). Discrepancies in results may be related to 
the NICU unit, the prevailing amount or type of adult talk, or methods used 
to measure language development. In previous research, the adult word count 
has been associated with parental NICU presence (Caskey et al., 2011; Pineda 
et al., 2017) and holding (Pineda et al., 2017), which suggests an interrelation 
between the parental presence or parent-infant closeness, and adult talk. Still, 
in the present study, neither the adult word count nor the conversational turn 
counts were associated with the duration of parental presence or parent-infant 
closeness. The finding may be explained by the fact that all adult words near 
the child were included in the adult word count measure in the present study, 
as it was not possible to reliably separate parental speech from hospital staff 
speech. Thus, the present audio sample contains words uttered by both parents 
and hospital staff and reflects the preterm infant’s actual available language 
environment in the NICU. 

The child vocalization count measured in the NICU was positively and 
significantly associated with the children’s later receptive and expressive lexical 
development at 15 months and receptive lexical development at 18 months of 
age. The findings are in line with described links between child vocalization 
count at 32 gestational weeks’ age in the NICU and communication scores at 18 
months (Caskey et al., 2014). Also, in a Finnish longitudinal study, the onset of 
babbling in preterm born (born between 23 and 34 gestational weeks) children 
was associated with language outcomes at 2 years of age (Stolt et al., 2012). 
Further, the predictive value of early vocalizations for later language skills was 
higher in the preterm than in the full-term group (Stolt et al., 2012). However, the 
present study provides information on the associations between very preterm 
children’s protophones, i.e., very early vocalizations, estimated by the LENA in 
the NICU and specifically later lexical development, which have not previously 
been reported. However, the relatively low agreement between LENA and human 
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coder estimates of child vocalizations in the present study needs to be taken 
into consideration when interpreting the present finding.

Parent-infant close contact in the NICU was positively associated with later 
lexical development of the preterm children. The duration of parental presence 
was not associated with the lexical development. Thus, the present findings 
suggest that the mere parental presence in the NICU might not be sufficient to 
support lexical development, but the close physical contact might be the significant 
factor. Adding skin-to-skin contact and holding values to a sum variable of close 
contact might have contributed to providing a coherent picture of the parent-
infant close contact, as skin-to-skin contact has been found to decrease and the 
holding of the infant to increase during the first month of the preterm infant’s 
life (Raiskila et al., 2017). The findings are in line with research describing the 
importance of physical parent-infant contact in the NICU (Flacking et al., 2012), 
and add information on longitudinal background factors of lexical development 
during the second year of life. Also, in the study by Lester et al. (2016), mother-
infant kangaroo care showed stronger associations with language outcomes 
than other maternal involvement variables. Further, parent-preterm infant close 
contact is also likely to support early parent-infant interaction, which has been 
shown to be associated with later language development (Stolt, Korja, et al., 
2014). The current findings may also represent general factors of parent-infant 
interaction, which may have continuously influenced the lexical development of 
the child during the follow-up period of the present study. Importantly, skin-
to-skin contact may also represent a general aspect of parental involvement, 
which is a positive factor in the neurodevelopmental outcome of preterm children 
(Lester et al., 2016). 

Several aspects of the fathers’ involvement in the NICU were linked to later 
lexical abilities of very preterm children. Firstly, father-infant close contact was 
significantly and positively associated with later receptive lexical development. 
Secondly, the association between male word count in the NICU and the very 
preterm children’s speech development and faster lexical processing reaction 
time at 18 months nearly reached statistical significance. Thirdly, the duration of 
the father’s presence in the NICU was significantly associated with a faster lexical 
processing reaction time of the child at 18 months. Thus, the present findings add 
novel and important longitudinal information to previous research (Filippa et al., 
2021) on the benefits of fathers’ involvement in the NICU. Further, the findings 
indicate the importance of the fathers’ talk in the NICU, which verifies findings 
from previous research (Saliba et al., 2020). Because parent-infant closeness 
in the NICU may reflect involvement and sensitivity, the present findings may 
suggest that the child benefits from the support of two involved and sensitive 
parents, which might have contributed to the longitudinal positive associations 
between father-infant close contact and lexical development in the present study. 
This is in line with research describing the importance of involvement (Lester et 
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al., 2016) and sensitivity (Landry et al., 1997) for language outcomes. Paternal 
involvement is also reported to support the parental relationship (Filippa et al., 
2021) and positively impact the well-being of the mother and the child (Treyvaud, 
2013; Yogman & Garfield, 2016). 

In the present study, both language environmental and parent-infant 
closeness factors were associated with the later lexical abilities of the very 
preterm children. The study provides information from a NICU unit with family-
centered care practices and single-family room architecture, and very preterm 
children’s early lexical abilities. In the present sample, the mean values of both 
adult word and conversational turn counts were higher than in a previous study 
performed in an open bay NICU unit (Caskey et al., 2011), which might be related 
to NICU or parental involvement factors. Further, the values in the present study 
included talk from both parents and hospital staff. The lexical development of 
very preterm children is a complex process influenced by different coexisting 
factors. To be noted, the very preterm infants’ gestational age at birth or birth 
weight were not statistically significantly associated with lexical developmental 
values, which might be related to the present sample of very preterm children.

5.2	 Strengths and limitations 

The strengths of the dissertation include the evaluation of new instruments 
for the preterm population, which was necessary to be able to investigate the 
language environment and the lexical processing of the very preterm children 
in the study. Firstly, the study provides novel validity information on the LENA 
system in the NICU environment by analyzing both labels and counts from 
two less-studied language contexts in two different countries. The study also 
provides information on the conversational turn count, which is a less-studied 
LENA variable from the NICU context (Best et al., 2018). The LENA system 
has limitations on its capabilities but can still be considered an established 
method for representative day long investigations of children’s natural language 
environment. Secondly, the study brings novel firsthand knowledge on assessing 
lexical processing of Finnish-acquiring very preterm children at 18 months using 
an eye tracking technology-based lexical processing task, an adaptation not 
previously described. Using this method, associations between lexical processing 
and both prior and concurrent receptive and expressive lexical development were 
investigated. Thirdly, two different validated and normed screening methods 
were used to assess lexical and language development of very preterm children 
providing data from an early stage of lexical development. 

The present study provides data, collected within the scope of everyday NICU 
practice, from the Turku University Hospital NICU, a unit with an emphasis on 
family-centered care in a single-family room architecture (Ahlqvist-Björkroth et 
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al., 2017; He et al., 2021; Kainiemi et al., 2021). The present study concurrently 
investigated both the language environment and parent-infant closeness, which 
is a strength of the study. Further, the closeness variables included father-infant 
closeness, which is a significant but less-studied NICU factor (Filippa et al., 
2021). 

The study explored the associations between NICU language environment 
and later lexical processing of very preterm children, connections not previously 
described. Further, the study provides novel information on the longitudinal 
associations between language environment and parent-infant closeness and 
preterm children’s later lexical development during a reasonably long follow-up 
period, which is also a strength of the study. 

The following limitations related to the methods used or the data collected 
can be identified. In the LENA validation study, larger samples with a variety 
of speech would have provided more in-depth validity information. Still, the 
correlation coefficient values expressing the agreement were high, suggesting 
that the sample size was sufficient for the present purpose. Further, the present 
study investigated both labels and counts, which provided additional validity 
information. Multiple factors related to the infant, the parents, or hospital 
routines may have influenced the LENA recordings and, thus, the data obtained 
from the two different NICUs. As an example, the infants’ gestational weeks of 
age or respiratory support at the recording day and during the period of parent-
infant closeness documentation varied. Further, most of the recordings started 
early in the morning, but a few recordings started later. Because different care 
procedures or daily routines may elicit different types and amounts of adult talk, 
the slightly different recording times might potentially have had an impact on 
the results. The recorded LENA data included both parental and hospital staff 
talk, and therefore the specific effects of parental talk could not be explored. 

In the eye tracking-based lexical processing task, not all trials supplied valid 
data. Some of the data attrition was related to the challenges of maintaining the 
young children’s correct position and attention on the task while measuring the 
eye movements. Further, because the reaction time values were analyzed only 
from the distracter initial trials, these values were based on a smaller number of 
trials than the correct looking time values. On the other hand, the considerable 
number of trials that need to be discarded is a well-known limitation of the 
looking-while-listening paradigm (Egger et al., 2020). Also, it is important to 
note that the instruments utilized to assess lexical development were screening 
tools and were not intended to offer a comprehensive or detailed assessment of 
the very preterm child’s vocabulary.

Other potential limits are related to the sample and the follow-up period. 
Even if a considerable group of very preterm children could be followed during 
the follow-up period, the sample sizes in the studies are relatively small. Data 
could not be gathered from all the participants at all collection points or 
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with all methods, which might have impacted the results. The study did not 
have a control group of full-term children. However, the participants’ lexical 
development could be evaluated based on the norms of the validated screening 
methods, as the preterm children’s lexical developmental values were compared 
to the normative values of the methods. Nevertheless, a comparison group of 
full-term children would have provided additional information. Finally, the 
study provides information on the longitudinal associations between the NICU 
measures and very preterm children’s lexical abilities only up to 18 months of 
corrected age. The findings need to be confirmed in future research with larger 
samples and at a later age. 

5.3	 Clinical implications 

The validity information retrieved from the present study, together with 
information from previous research (Caskey et al., 2011, 2014; Caskey & Vohr, 
2013), indicate that the LENA system is a useful instrument to investigate 
adult talk in different NICU settings. The present findings show that the LENA 
system can also be reliable in the Finnish and Estonian languages and NICU 
settings. The LENA-provided information can be applied in the NICU context 
when investigating the type or the amount of adult talk, providing information 
and feedback to parents, and evaluating intervention programs or changes in 
the environment. Investigating and striving to modify environmental factors 
to optimize the outcome of at-risk infants is following the International 
Classification of Functioning, Disability and Health framework, an established 
model to describe factors influencing health-related outcomes (World Health 
Organization, 2007).

The present study provides information on new methods of assessing the 
emerging lexical abilities of very preterm children. The eye tracking-based lexical 
processing tasks have the potential to contribute to finding the individuals who 
need early follow-up and support for language development. Further, the task 
can provide additional information on emerging early receptive skills and thus 
complement other lexical measures. Lexical processing skills are more critical 
for children with small vocabularies (Peter et al., 2019) or difficulties in word 
learning (Lany, 2018), which is relevant in the at-risk group of very preterm 
children. The eye tracking-based task may be especially useful and potentially 
important in assessing the early lexical processing of children with challenges 
in participating in clinical testing situations, due to motor or social interaction 
challenges (see Loi et al., 2017; Valleau et al., 2018), impairments that are also 
frequent in preterm children (Dudova et al., 2014; Ritchie et al., 2015; Sanchez 
et al., 2019; Sansavini, Guarini, & Caselli, 2011). However, the psychometric 
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quality of the task needs to be thoroughly examined before it can be used in a 
clinical context. 

The findings from the present dissertation demonstrated the potential of the 
screening methods to provide information on the lexical development of very 
preterm children during the first part of the second year of life. The two methods 
evaluated different features of early lexical and language development and showed 
partly different associations to lexical processing skills, language environment, 
and parent-infant close contact. Thus, the methods may complement each other 
in clinical use. Nonetheless, the predictive value of the screening methods in this 
specific population needs to be further evaluated. Further, the findings highlight 
the relevance of assessing both lexical processing and lexical developmental 
skills during the second year of life in this at-risk group of children. Deficits 
in both lexical processing and development are likely to influence the daily 
functioning of the child (Marchman & Fernald, 2013), and weak processing 
skills will probably burden both understanding and communication.

As a novel and clinically relevant finding, the results indicate that a large 
number of adult words near the infant might not support later lexical processing. 
Medical procedures are frequently needed in the NICU, but the present findings 
suggest that protective strategies could possibly include considering the amount 
and the duration of adult-directed discussions in the infant’s absolute proximity. 
The new-born preterm infant is auditorily sensitive (Adam-Darque et al., 2020; 
Kuhn et al., 2017; McMahon et al., 2012). Regulating simultaneous adult-directed 
talk near the infant might aid the infant in distinguishing meaningful parental or 
caregiver talk, which are significant factors for auditory development (Graven & 
Browne, 2008). Importantly, the recordings of the present study contained both 
parental and hospital staff talk, which might have influenced the current results. 

The findings suggest that adult-child conversational turn-taking is beneficial 
for the lexical development of very preterm children, which is clinically applicable 
when instructing parents and NICU staff on how to communicate with the infant 
and when planning NICU guidelines or intervention procedures. The findings 
of the present study support current recommendations for interactive sensitive 
talk (Caskey et al., 2014; DeMaster et al., 2019; Kuhn et al., 2017; Rand & Lahav, 
2014; Saliba et al., 2020), as also being advantageous for very preterm children’s 
lexical development. Caregivers of children at risk for language impairments 
benefit from guidance on how to use sensitive and enriching infant-directed 
speech to support the language development of their children (Bang et al., 2020). 
Thus, neonatal nurses have an important role in describing and demonstrating 
the importance of early interaction (Romeo et al., 2022), encouraging parents 
to engage in interactive talk with their preterm infant and also sensitively 
communicating with the infant when the parents cannot be present in the NICU 
(Newnam & Muñoz, 2021). As early parental experiences in the NICU may shape 
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later parenting (Lester et al., 2016), early parental experiences from parent-
infant interaction may shape later parental interaction styles. 

The present findings add clinically applicable information on the longitudinal 
associations between parent-infant close contact in the NICU and the child’s 
later lexical development. The findings emphasize the importance of both 
parents’ close contact with the infant in addition to being present in the NICU. 
Because it can be more difficult for fathers than for mothers to engage in skin-
to-skin contact with the preterm infant (He et al., 2021), the fathers may need 
additional support and information on the benefits of paternal engagement, 
which might contribute to increased father-infant close contact and involvement. 
Furthermore, gender was the most significant background factor for explaining 
receptive lexical development. Thus, in addition to underlining the significance 
of involving fathers, the findings also highlight the significance of supporting 
the early lexical development of boys.

Because the findings from the present study imply that both adult-infant 
conversational turn-taking and parent-infant close contact are beneficial for the 
child’s lexical development, the findings support strategies that combine factors 
of both parent-infant communication and closeness to a multimodal experience 
(Filippa, 2017; Filippa & Kuhn, 2017; Philbin, 2017). In the present study, adult-
infant conversational turn-taking was positively associated with especially 
receptive lexical skills measured with the FinCDI-SF at 18 months, while 
parent-infant close contact was associated with both receptive lexical and speech 
skills measured with both screening methods at 18 months. Thus, theoretically, 
supporting both adult-infant conversational turn-taking and parent-infant close 
contact to form a multimodal whole could potentially enhance both the receptive 
and expressive development of very preterm children. However, if the medical 
condition of the infant does not permit skin-to-skin care or holding, the caregiver 
can still sensitively engage in verbal interaction with the infant (see Provenzi 
et al., 2018). 

5.4	 Future perspectives

For future clinical use, the eye tracking-based lexical processing task needs to 
be further developed and the sensitivity and reliability properties in samples of 
both full-term and preterm children evaluated. For an in-depth evaluation of the 
validity of the task, the effects of different target words need to be explored and 
trial-level results need to be examined. Additionally, more information on the 
causal relationships between lexical processing and different aspects of lexical 
and language development is necessary.

This study generates new topics that need to be investigated thoroughly, 
such as the effects of the language environment in the NICU on later lexical 
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processing, which is an understudied subject. Because new-born preterm infants 
are auditory sensitive during the period of NICU care (Adam-Darque et al., 2020; 
Kuhn et al., 2017; McMahon et al., 2012), and exhibit an elevated risk for later 
processing (Marchman et al., 2019; Ramon-Casas et al., 2013) and language 
(Barre et al., 2011; van Noort-van der Spek et al., 2012; Vohr, 2014) difficulties, 
this is a highly relevant research area. 

The present findings indicate that preterm children benefit from adult-
infant conversational turn-taking and sensitive interactive adult talk in 
the NICU. Already available strategies developed to support early parent-
infant communication can potentially be adapted in this very early stage of 
communication and language acquisition. Speech and language pathologists 
may have a significant role as a part of the multi-professional team of neonatal 
therapists and the preterm infant’s family in targeting parent-infant interaction 
and communication in the NICU. A study conducted in a US unit reported that 
the intervention provided by the speech and language pathologists in the NICU 
typically focuses on oral feeding and oral motor development, but also includes 
team and parent involvement (Ross et al., 2017). Future research could investigate 
the optimal timing and features, and possible effects, of intervention programs 
commencing in the NICU (see Gilkerson et al., 2017; Mayne et al., 2022; Ross 
et al., 2017; Vohr, 2014) and the role of speech and language pathologists in 
supporting very early parent-preterm infant interaction and communication.

In the present study, both parental talk and hospital staff talk were 
included in the language environmental measurements. Future research could 
investigate the specific associations between parental speech and language 
outcomes. Furthermore, the language environmental and lexical development 
measurements could be repeated at a later age point to gather information on the 
long-term stability of the associations between language environment and lexical 
development in preterm children. In future research, it will also be important to 
verify the current findings on the associations between language environment 
and parent-infant close contact, and very preterm children’s lexical abilities in 
larger samples. 
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6	 CONCLUSIONS

The focus of the present dissertation was to investigate the role of language 
environment on later lexical abilities of very preterm children. The first main aim 
was to investigate the validity of the LENA system in the NICU and to study the 
lexical processing of preterm children. The second main aim was to investigate 
the longitudinal associations between language environment and parent-infant 
closeness in the NICU, and very preterm children’s lexical abilities during the 
second year of life. The main findings show that the LENA system provides 
valid information from the NICU, especially on adult word count. More validity 
information, especially on the child vocalization count, is needed. The findings 
also suggest that the eye tracking based lexical processing task, modified for 
Finnish-acquiring children, is a promising method to provide useful information 
on very preterm children’s lexical processing at 18 months of corrected age. 
Nonetheless, the task needs to be further developed and evaluated. Further, the 
findings suggest that very preterm children’s lexical processing at 18 months 
was linked to prelinguistic and expressive lexical development. 

The main findings also revealed that a large number of adult words spoken 
near the infant in the NICU was negatively associated with lexical processing 
accuracy at 18 months. Further, adult-infant conversational turn-taking and 
parent-infant close contact in the NICU were positively associated with later 
lexical abilities of very preterm children. The findings also underline the 
importance of both mother-infant and father-infant close contact in the NICU. 
The associations might be connected to general factors of parent-infant interaction 
or closeness, which are already evident in the NICU and continuously affect the 
lexical development of the children after discharge from the NICU and during 
the follow-up period. Still, the findings indicate that significant features can be 
detected and supported already in the NICU. The early language development of 
very preterm children is influenced by multiple factors. The present dissertation 
highlights the connections between NICU language environment and parent-
infant close contact at 32−33 gestational weeks of age and later lexical abilities 
of very preterm children. 

To summarize, adult-child conversational turn-taking and parent-infant 
close contact in the NICU can be recommended as beneficial for the very preterm 
child’s later lexical development. Further, the findings imply that the amount of 
overheard adult-directed talk near the infant in the NICU should be considered. 
Future research is needed to verify the findings and to further explore the 
associations between NICU environment and closeness factors and language 
outcome in larger samples of preterm children and at a later age.
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