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A B S T R A C T

The objective of the current study was to investigate possible differences in word count use per day (number of
adult words) by caregivers of different gender, in a sample of Norwegian children (N = 17) with hearing
impairment (HI) (n = 8) and normal hearing (NH) (n = 9), aged 18–56 months. The current study had a cross-
sectional, descriptive study design. One all-day recording with the LENA technology was conducted to measure
adult word use in the home environment (Md length: 12.46 h, 9.13–16 h). Female caregivers used a significantly
higher amount of words than male caregivers close to the children, regardless of their hearing status, HI: p= .01,
NH: p = .01. All children were exposed to a higher number of adult words from female caregivers. There is a
need to conduct more and further research about possible caregiver differences, and investigate not only the
quantity of word use, but also the qualitative interaction patterns between caregivers of different gender and
young children with HI, and in relation to early intervention actions.

1. Introduction

All children benefit from rich and varied linguistic stimuli from
caregivers in their every-day life experiences, when learning spoken
language. Children with hearing impairment (HI) is a clinical group
that is vulnerable for delayed or atypical language development in-
cluding for instance poorer vocabulary knowledge [1]. Vocabulary
knowledge varies from person to person, and is dependent on age [2],
age at identification of hearing loss [3], non-verbal cognitive abilities
[4], and socio-economic status level [5–7]. The vocabulary knowledge
also applies to gender, and it is no surprise that men and women may
partly have different ways to communicate with children and other
adults [8]. Zaidman-Zait and colleagues asked thirty married couples
(female and male caregivers) about their own perceived parental in-
volvement, self-efficacy, stress level as parents, and their social support
[9]. The study findings showed that there were gender differences
concerning both experiences and behaviors of caregivers that should
not be seen as interchangeable. Fathers and mothers have different and
unique contributions that should be taken into consideration when
planning and working with children with HI and their families [9]. So
far, it has been difficult to examine the quantity use of spoken language
from caregivers, and simultaneously explore possible gender differences

in caregivers' linguistic input with all-day recordings in real life situa-
tions, and without the presence of researchers or clinicians. None-
theless, a new technology system; Language Environmental Analysis
(LENA) has been introduced that may be used to explore the verbal
communication and listening parameters in young children's everyday
settings [10]. The LENA system consists of a Digital Language Processor
(DLP) and software which may be used to record, and analyze young
children's listening environment and verbal interaction with all-day
recordings, including to screen for possible caregiver gender differences
concerning adults amount of talking [11]. After the transmission of
audio files from the DLP to the software, and the analysis has been
made of the recorded material, the data files may be extracted and
analyzed further by the Advanced Data Extractor (ADEX) program [12].
In ADEX, it is possible to examine the Interpreted Time Segments-files
(ITS-files), and for instance separate word use of female and male
caregivers during the recording day. By using the LENA technology
system including the ADEX to map female and male caregivers word
count, we can now get a better picture of the child's actual language
exposure in the home, and gain new knowledge about the child's lan-
guage exposure, and how it is related to the gender of caregivers.

Hurtado, Marchman & Fernald [13] used a traditional method
(video-recordings) to investigate the qualitative interaction patterns
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between 27 mother-child dyads in a cohort of children who had normal
hearing (NH). Their results indicated that mothers of Spanish-speaking
children who used more utterances had a more diverse use of words,
word tokens and types, than mothers who communicated with fewer
utterances. Total number of utterances from mothers correlated sig-
nificantly with the children's vocabulary at 24 months, but not at 18
months [13]. Children of mothers who produced more utterances had a
larger increase in their vocabulary size from 18 to 24 months, which is
consistent with other studies in cohorts of English-speaking mothers
and their infants [13,14]. Other findings from the study by Hurtado
et al. [13] was that quantity and quality of adult speech predicted the
children's efficiency in receptive language acquisition. The study pro-
vides evidence that caregiver's stimuli may influence both on vocabu-
lary knowledge and on lexical processing skills, and that this later forms
the foundation for continued lexical and grammatical growth [13].
Involvement of fathers and interaction patterns between fathers and
children was not investigated in this study [13].

1.1. Shared parenting - the Norwegian situation

Today it is a higher degree of shared parenting in the Norwegian
society than previously. Norwegian parents are entitled to 12 months of
paid parental leave, and 15 weeks is only dedicated to one of the par-
ents, while the remaining weeks could be decided within the family
[15]. Around 37% of Norwegian fathers take more parental leave than
they have to, but still one out of four fathers do not use their right to
take parental leave. This means that Norwegian mothers stay at home
more often in the first year of the child's life. Thereafter, around 91% of
the children start at childcare centres. This indicates that female care-
givers in general work less hours per week than men [15]. These sta-
tistical facts also imply that the traditional “mother, father and child-
model” is still the dominating family model. However, the variation of
family constellations is today broader, with sometimes four primary
caregivers or only one caregiver (single parent). It is still unclear how
the common diversity of shared parenting responsibility in many fa-
milies' affect the child's language stimulation that is provided in the
home environment, and how it actually influences on the child's lan-
guage development. Diverse family constellations are rarely acknowl-
edged in research or in clinical practice such as in family-centred in-
tervention for children with HI and their caregivers. This situation
could potentially influence negatively on the reliability of research
findings concerning language stimulation in the home environment, as
well as possibly affect some children's opportunities to learn language,
as it is important to have engaged and well-informed caregivers as part
of the daily life experiences [16]. It is for instance not yet known
whether the Swedish finding by Nilsson [17], that female caregivers
speak significantly more than male caregivers close to young children,
is also valid in other linguistic contexts that promotes shared parenting,
and that is socio-culturally similar including the gender-based norms.

1.2. Caregiver gender differences

In today's Nordic society it is common with shared parenting.
Fathers are expected to take more responsibility for the care of their
child during early childhood, which potentially includes the responsi-
bility for early language stimulation. Several studies have examined
verbal interactions between female caregivers (primarily mothers) and
children [18–21], but fewer studies have specifically investigated the
interaction patterns between children and male caregivers [22]. For
instance, the quantitative exploration of similarities and differences
between male and female caregivers in how much they interact with
young children verbally, as well as the qualitative interaction patterns
between female and male caregivers and young children. On this basis,
the current study had a specific focus on quantitative interaction be-
tween both female and male caregivers and young children. There is
some evidence that female caregivers use more words than male

caregivers do when they are near children with NH [23,24]. In the
previously mentioned Swedish study by Nilsson [17], similar results
were shown for 28 young children with HI and 12 controls with NH.
Female caregivers used significantly more words than male caregivers
did in three groups; children with NH (n = 12), children with cochlear
implants (CI) (n = 17) and children with hearing aids (HA) (n = 11)
[17]. Around 71% of all detected adult words in the sample (N = 40)
were spoken by female caregivers and 29% by male caregivers
(CI = 72% female, 28% male), (HA = 70% female, 30% male),
(NH = 71% female, 29% male) [17].

1.3. Caregiver sensitivity and language use in families with children who
have hearing impairment

Existing literature has mainly focused on maternal sensitivity and the
importance of higher educational level of mothers, as the primary
factors related to variation in language outcome in young children
[5,25]. There has been less focus on the importance of paternal sensi-
tivity in interactions between male caregivers and children, apart from
the effect of number of male words spoken close to the child. Tradi-
tionally, the concept of parental sensitivity has been designated to con-
cern maternal sensitivity rather than paternal sensitivity [20,25].

Parents are usually the primary caregivers. Sometimes other im-
portant caregivers like grandparents or neighbours are highly involved
in a child's everyday life, and in similar ways as the child's parents.
Therefore, the current study will operate with the term caregiver lan-
guage use. Few studies have explored the effects of caregiver sensitivity
in children with HI. Hintermair & Sarimski (2019) investigated the level
of engagement and involvement of fathers who had children with HI in
early intervention actions [26]. The authors found a strong relationship
between fathers own perceived support from early interventionists,
parenting self-efficacy, and the impact of the child's hearing loss on
their parenting [26]. This finding implies that it is crucial to not only
involve female caregivers but also engage male caregivers in different
early intervention activities.

Quittner and colleagues [20] examined the effect of maternal sen-
sitivity on early interaction patterns (linguistic stimulation) and later
language and cognitive outcome in 188 deaf children with CI. Their
results revealed that younger age at cochlear implantation was a crucial
factor, but also that especially maternal sensitivity was equally im-
portant, together with positive effects from cognitive stimulation
during the first year with CI. Higher level of maternal sensitivity was
the factor that predicted increased linguistic growth the most. Lin-
guistic stimulation from mothers was strongly related to language
growth, but only in the context of higher levels of maternal sensitivity
[20]. In a study by Ambrose and colleagues [27] one aim was to ex-
amine the quality and quantity of utterances from caregivers of 156
children with mild to severe HI and in 59 age-matched controls with
NH. A 5-min semi-structured interaction situation between parents and
children was performed and videotaped when the children were 18
months and 3 years respectively. At the 18-month test occasion, the
parents also filled out a standardized survey, and at the 3-year follow-
up, a standardized language test was performed. The results from the
first test occasion (18 months) showed that children with HI were ex-
posed to more directives (for example: an instruction or demand)
during the interactions compared to children with NH. At the second
occasion at 3 years of age, there were significant differences between
groups (HI vs. NH) concerning the number of words uttered by parents,
and children with HI were also exposed to poorer quality of language
stimulation [27]. The authors did not examine the possible effects of
interaction differences due to gender differences.

VanDam, Ambrose & Moeller [28] investigated whether the amount
of spoken language stimulation was similar in children with HI com-
pared to children with NH [28]. Children with NH (n = 8) and children
with HI (n = 22) were exposed to similar amount of adult words in the
home environment (from all-day LENA recordings). VanDam and
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colleagues [28] suggested that this finding could be explained by the
notion that parents of children with HI may be sensitive to the child's
level of audible access due to their HI, which also influences on care-
giver language use to be similar as for NH cohorts. Nevertheless, similar
amount of exposure may not necessarily correlate with similar amount
of actual access to adult words, especially for children with HI [28].
VanDam et al. [28] did not investigate the possible effects of gender
differences in caregivers.

Desjardin et al. [29] examined joint book reading in 45 toddlers
with HI (mean age 25.8 months) and in comparison to 60 children with
NH who were slightly younger (mean age 18.6 months). Parents of
children with HI used more literacy strategies like pointing to pictures
and labeling than parents of children with NH, who instead used more
higher-level strategies while reading books with their children [29].
The authors concluded that parents of children with HI need to be
taught “joint book reading strategies”, from very early ages and that
parents of children with HI should be informed to include more de-
manding language stimulating strategies, like open-set questions [29].
In the study by Desjardin and colleagues there were only four male
caregivers and the focus was not on examining the possible effects of
gender differences in caregiver's language and literacy stimulation [29].

1.4. Aims of this study

The objective of the current study was to explore any possible
caregiver gender differences in language use close to young children, in
Norwegian families. The specific aim of the study was to examine the
number of words provided by female respectively male caregivers close
to children aged 18–56 months with and without hearing impairment in
their home environment. The Regional Committees for Medical and
Health Research Ethics (REK) in Oslo, Norway (2016/2235) approved
the research study.

1.5. Research question

Do female caregivers use more words in the home environment
close to children aged 18–56 months, regardless if the children have a
hearing impairment or are normal hearing, compared to male care-
givers? It was hypothesized that female caregivers would use more words
close to children aged 18 to 56 months in the home environment, regardless
of the child's hearing status [17,18].

2. Method

2.1. Study design

The study is descriptive, cross-sectional, with a convenience sam-
pling method. The analyses are based on the means of word counts
(number of words) from female and male caregivers throughout the all-
day recording, where caregivers of both gender were present.

2.2. Participants

Children aged 18–56 months (mean = 32.25) and their families
were invited to participate in the study if they met the inclusion cri-
teria; aged between 18 and 71 months, and either had a HI of any type
and degree, or were NH and had at least one parent who spoke fluent
Norwegian at home. The exclusion criteria were to have diagnoses like
Developmental Language Disorder or Autism-Spectrum Disorder, and if
children had two parents who spoke another language than Norwegian.
The sample consisted of 17 individuals from two groups; children with
HI (n = 8) and children with NH (n = 9) (Table 1). Participants were
recruited through different arenas; advertisements on Facebook (groups
for caregivers of children with and without HI), educational audiolo-
gists, public childcare centres and through municipal and public ser-
vices. Caregivers who expressed interest first received written

information about the study. Then they signed informed consents and
were enrolled in the study.

Eight children in the test group (HI) and nine children in the control
group (NH) participated in the study (Table 1.). In the test group (HI)
sex was evenly distributed with four girls and four boys. The control
group (NH) was not evenly distributed with eight boys and one girl. The
mean of word counts for female and male caregivers were examined to
find out if there were any group differences (HI vs. NH), with and
without the results of the girl's caregivers. The female caregiver word
count for the girl differentiated .12% SD from the group mean. The
male caregiver word count for the girl differentiated .01% SD from the
group mean. The means for both female and male caregiver word count
per hour were not different from each other and the girl was therefore
included in the study.

In the study female and male caregivers of 17 children participated.
All families consisted of the traditional father-mother-child model. In
Table 1 some background characteristics of the participants are de-
scribed. The educational level was high in the sample and not statisti-
cally significant different between groups for females x2 (1) = 0.28,
p = .60 or between males x2 (2) = 1.20, p = .55. There was a rather
wider spread regarding the educational level among male caregivers.
However, because the educational level was similar between the
groups, no conclusion could be drawn about whether the socio-eco-
nomical factor could explain outcome differences.

2.3. LENA – a technical system to measure audio-and language
environment

The method used in this study was Language Environment Analysis
(LENA). LENA is an instrument that aims to map and analyze the audio
and language environment in for instance the homes of young children.
LENA measures the quantity of a variety of variables based on features
such as pitch, volume and intonation. Among the measured variables
are; (1) the (key) child's utterances, (2) adult words, (3) verbal con-
versational turns between the child and caregivers, (4) TV and elec-
tronic sound, (5) and the overall audio environment in the child's home
[28]. The accuracy of the LENA system was tested in the LENA Natural
Language study, using 70 1-h test files from 70 families. The measure of
adult word count showed a mean per hour error rate of two percent
compared to human transcribers. These data indicate that LENA is a
reliable measure of adult word count [30].

When the software has identified and labeled the segments, they are
then compared to a human-made training model. Each of the segments

Table 1
Background characteristics of the participants (N = 17).

Group 1 (HI)
(n = 8)

Group 2 (NH)
(n = 9)

Total (HI, NH)
(N = 17)

Sample descriptivies M (SD)/%
Range

M (SD)/% Range M (SD)/% Range

Age 36.6 (12.6) 38.0 28.4 (9.4) 23.0 32.3 (11.5) 38.0
Boys 50% (n = 4) 88.9% (n = 8) 70.6% (n = 12)
Girls 50% (n = 4) 11.1% (n = 1) 29.4% (n = 5)

Educational level; mother
Primary School
High School 12.5% (n = 1) 22.2% (n = 2) 17.6% (n = 3)
Higher Education 87.5% (n = 7) 77.8% (n = 7) 82.4% (n = 14)

Educational level; father
Primary School 11.1% (n = 1) 5.9% (n = 1)
High School 37.5% (n = 3) 44.4% (n = 4) 41.2% (n = 7)
Higher Education 62.5% (n = 5) 44.4% (n = 4) 52.9% (n = 9)

Word Count Caregiver
Male 723.1 (97.1)

293.1
400.5 (101.1)
315.0

552.3 (191.8)
675.1

Female 925.3 (204.8)
429.4

746.6 (299.5)
935.7

830.7 (267.7)
935.7

Note: Chronological age is presented in months.
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is compared to a silence in a likelihood ratio test, and the segments
marked closer to silence is labeled unclear and they are cut from the
analysis. Segments labeled as key child are categorized as different ca-
tegories [10,31].

The LENA equipment consists of a Digital Language Processor (DLP)
and a gender-neutral vest with a pocket in the front that secures the
DLP [28]. The child wears the vest in the home throughout one whole
day of recording (10–16 h), and if the child sleeps during the day, the
DLP is recommended to lie next to the child. After the recording day,
the parents returned the equipment. The LENA software (LENA Pro,
ADEX) automatically analyzed the raw data from transferred DLPs. The
quantitative data from recordings can be visually shown in user friendly
bar charts and graphs in the LENA software (LENA Pro), illustrating
daily-, hourly-, or with 5-min's intervals outcome. The Interpreted Time
Segments files can be used to investigate the audio file further through
another program: ADEX [12]. The ITS- files consist of segmented in-
formation of the audio file and identifies the speakers and voice char-
acteristics in the audio segment. The ITS- files presents an opportunity
to identify the number of words from each of the individuals re-
presented during the day; Adult Male, Adult Female, Key Child and
Other Children [12]. In the present study, the raw data from the DLPs
was analyzed using both the LENA software and the Interpreted Time
Segments. The analysis of the ITS-files made it possible to differentiate
between Norwegian male and female caregivers' word-count, and to get
the estimated amount of words from each gender (caregiver) [12].
Parents of participating children filled out an “activity journal” during
the day of the recording, where they among other things also stated
who was present each hour of the recording day. Word counts for male
respectively female caregivers were extracted from the ITS files, and
only the data containing the hours where both male and female care-
givers were present, was included in analysis of the study.

2.4. Validation

The LENA natural language study aimed to validate the reliability of
the automated software in American English [32–34]. The LENA system
correctly identified 82% and 76% of the segments coded as adult speech
and child vocalizations respectively, which indicated reasonable levels
of agreement [34–38]. LENA has also been validated in other languages
such as Spanish [39], French [40], Mandarin [41], Korean [42] and
Vietnamese [32]. LENA has not been validated in Norwegian language
yet. However, the current study contributes with a first, small sample of
recorded material that has been compared to written, human tran-
scripts, for validity and reliability reasons.

From the 17 recordings (210 h), six recordings of children with NH
were randomly drawn to validate the reliability of the measures from
the LENA recordings. From these six recordings, six 10-min intervals
were manually transcribed by a qualified research assistant (in total
60 min/1 h). The validation showed that LENA measured adult words
with 78% accuracy and child vocalizations with 51% accuracy. The
reliability of adult words showed a percentage that was within rea-
sonable levels of agreement. For child vocalizations, the percentage was
too low to indicate reasonable agreement. One reason for this could be
that LENA in some individual cases, measured a lower accuracy on
child vocalizations than in others, and therefore the variation con-
tributed to a low percentage. This could be explained by the audio
environment the child was situated in at the particular recording time
(noise, talk from other adults and children, etc). At some occasions the
software may mislabel a speaker, for instance when a woman raises her
vocal pitch and then is labeled as a child by LENA [12]. Another ex-
ample is when two speakers talk at the same time (overlapping speech).
Then the software might discard both utterances, and in our sample,
this may explain some of the individual variation among cases [43].

2.5. Statistical analyses

The statistical analyses used to compare the means of caregiver
word count in this study was an independent t-test and a paired t-test.
The independent t-test was used to investigate the differences in means
of word counts between female and male caregivers across the groups
(HI vs. NH). The paired samples t-test was used to examine the means of
word counts between female and male caregivers in total.

3. Results

The aim of this study was to investigate the differences in number of
words between male and female caregivers in the home environment of
children with HI and children with NH. The current study's hypotheses
were supported by the results. The results clearly showed a significant
difference in use of number of words between children and female or
male caregivers.

3.1. Descriptive results for caregiver word count in Norwegian children aged
18–56 months

The results from the study showed that female caregivers used a
higher number of words in total than male caregivers, in both groups
(HI, NH). There was one case (T2; NH) where male caregiver(s) pro-
duced a higher number of words compared to the female caregiver(s)
during the recording day. The difference in number of words between
caregivers of different gender in this case was 181.14 words. The
quantitative group mean data showed that both female and male
caregivers used a higher number of words in the test group (HI) (fe-
male= 925.34, SD=204.82 male= 723.10, SD= 97.10) compared to
the control group (NH) (female= 746.68, SD= 299.57 male= 400.49,
SD= 101.18) as shown in Fig. 2. This tells us that children with HI in
total were exposed to a higher number of adult words than children
with NH.

3.2. Inferential statistics for female and male caregiver word count

The bar plot in Fig. 1 shows the mean of words (total) for female
(830.76, SD = 267.72) and male (552.31, SD = 191.81) caregivers
with a Confidence Interval (CIs) set to 95%. The means for female
caregivers respectively male caregivers’ word count (total) were dif-
ferent from each other. The CIs 95% did not overlap between female
and male caregivers, and the means are therefore significantly different
from each other.

Fig. 2 Presents the data with means of male and female caregivers
word count during the recording hours where caregivers of both gender
were present. Fig. 2 Displays the means for male caregivers
(NH=400.49, HI=723.10) and female caregivers (NH=746.68,
HI=925.34) split by group (HI, NH). The CIs 95% did not overlap in the
NH group (male, female), which tells us that the means did not come
from the same populations and are therefore significantly different from
each other. The means of word counts for male and female caregivers in
the NH group were significantly different, with higher amount of fe-
male words. The word count for female caregivers in the HI group were
also higher than for male caregivers. The CIs (95%) do not overlap
between males in both groups (NH, HI), and displays that the true mean
for male word count is not from the same population and is therefore
significantly different. These results present that male caregivers in the
HI group used a significantly higher amount of words than male care-
givers in the NH group.

3.2.1. Was there a difference between the means of word counts for female
and male caregivers across groups (HI vs. NH)?

To compare the means of the same variable (word count) between
the two groups (HI, NH) and between caregivers (female, male), a two-
tailed independent samples test was performed. Results from the test
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showed that the means for female caregivers between groups (HI, NH)
were not significantly different (t (15) = −1.42, p = .18). This tells us
that the average level for female word count in both groups were not
significantly different from each other. The independent samples test
presented results illustrating that the means for male caregivers' word
count between groups (HI, NH) were significantly different (t
(15) =−6.69, p= .001). These results showed that the means for male
caregivers’ word count were different from each other. These results
also indicate that male caregivers of children with HI used more words
than male caregivers of children with normal hearing.

3.2.2. Was there a difference between the means of word counts for female
and male caregivers?

The paired-samples t-test compared the means between female and
male caregivers word counts in both groups (HI, NH). The results from
the test showed that the means for female and male caregivers word
count were significantly different in both groups, HI; (t (7) = 3.25,
p = .01), NH; (t (8) = 3.24, p = .01).

4. Discussion

The purpose of this study was to investigate if there was a difference

Fig. 1. Mean of female and male caregiver word use per hour, with confidence interval (95%).

Fig. 2. Mean of adult words in both groups (caregivers) per hour, split by gender with Confidence Intervals (95%).
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in quantity of female and male caregivers' word count in the home
environment of children aged 18–56 months, regardless of the child's
hearing status. The results from the one-day recordings done with the
LENA system showed that female caregivers used a higher number of
words than male caregivers in both groups (HI, NH) and in the whole
sample. The findings from the present study support previous studies
that has investigated caregiver gender differences and the importance
of amount of quantitative language stimuli to children with and without
hearing impairment [13,17,18,21,28]. The findings of the current study
are supported by the previous studies conducted by Johnson and col-
leagues [24] and Nilsson [17]. Johnson et al. [24] hypothesized that
female caregivers used a higher number of words which supports the
hypothesis and results of the current research. Similarly, to Johnson
and colleagues [24] and Nilsson [17] the current study found that fe-
male caregivers produced a significantly higher number of words than
male caregivers. In addition, Nilsson [17] did also find that children
with HI were exposed to more words than children with NH during the
recording day. Results from the present study showed that children
with hearing impairment also were exposed to a higher number of
words, compared to children with normal hearing. Johnson and col-
leagues [24] investigated 33 late preterm and term infants with the
LENA system, analyzing adult word count, infant vocalization and
conversational turns. Findings showed that the infants were exposed to
more words from female caregivers than male caregivers from birth to
seven months[24]. The female caregivers responded more frequently to
the infant's vocalizations, and the infants responded preferentially to
the female caregivers' speech during all three recording periods. When
the infant grew older, the response to both caregivers increased [24].
Independent from the female caregivers, these infants had relatively
few vocal interactions with the male caregiver, and the female care-
giver was the primary responders to the infant's verbal cues [24]. There
was a significantly higher adult word count for female caregivers
during all recordings, and although there was some variation, infants
received nearly three times more language stimuli from the female
caregivers than male caregivers [24]. These findings concur with the
findings of the current study.

When we compare our results from the current pilot study with
previous studies that have examined caregivers' language stimulation
strategies in cohorts of children with HI we both find similarities and
differences [9,27–29]. One major difference is that the focus of previous
studies have traditionally been on mother-child dyads only, and not on
possible caregiver gender effects. In the study by Desjardin and col-
leagues [29] joint book reading was investigated in toddlers with a
qualitative approach. Although we instead used a quantitative method
to measure the caregivers' input, we may conclude with the same
conclusion. Namely, that caregivers of children with HI benefit from
education programs where they are instructed in how to communicate
with their child, and stimulate spoken language development in a
sensitive and interactive manner, to for instance increase numbers of
turn-takings [29]. Zaidman-Zait [9] concluded in their study that male
and female caregivers have unique contributions in child interactions,
and that these contributions are interchangeable. This finding cannot be
confirmed with our pilot results, but needs to be further explored.
Ambrose and colleagues [27] showed a negative trend with less adult
word counts in the group of children with HI, who were 3 years, and
that the same group of children had been stimulated with more direc-
tives around 18 months, which have a negative effect on language
development [5]. This indicates the need of educating both female and
male caregivers of children with HI in how to provide their child with
good quality and quantity language use, to secure optimal prerequisites
regardless of who is taking care of the child. Although we cannot draw
any general conclusions from the current pilot-results, we have in-
dications of that there are gender differences that may have an impact
on children's language development. At least in the amount of talk from
male and female caregivers, in children with HI and NH, which is very
similar findings of previous Swedish results with more participants

[17].
Gilkerson & Richards [30] have studied the effect of parent talk, and

how talkative parents often have talkative children with NH. Through
the study by LENA foundation, caregivers of young children were asked
to rate the amount of talk they conducted with their children. Ninety-
nine (99) % of the caregivers thought they were about or over the
average, when in reality 40% of these caregivers actually were below
the 50th percentile for adult word count [30]. This again supports the
relevance and importance of educating all caregivers to talk more with
young children, and especially vulnerable clinical groups like children
with HI. Gilkerson & Richards [30] also examined the effect of care-
givers talk and how this predicted later language development. The
findings implied that the more caregivers talk with their children in the
first six months of life, the better the children's language ability scores
were later in life [30,39].

Matsuda et al. [44] examined among other things infant-directed
speech (IDS) and which parts of the adult human brain that is activated
when IDS is processed. Through functional magnetic resonance ima-
ging, findings showed that female caregivers (primarily mothers) had
increased brain cortical activation in specific language areas when they
were listening to IDS, implying that female caregivers have an intention
to communicate with infants, and the difference in neural processing is
dependent on experience [44]. This suggests that female caregivers and
primarily mothers, may have a predisposition to IDS, but also that more
exposure and experience of IDS might change male caregivers' predis-
position in similar ways. Zhang et al. [43] conducted an intervention
study, investigating 22 caregiver-child interactions using the LENA
system with the aim of examining caregivers’ word count and con-
versational turns. The researchers predicted that with feedback and
intervention, caregivers would increase their adult word count and the
conversational turns with the children. Caregivers in this study in-
creased their word count with 24% (approximately 5.000 words)
through the first post-feedback recording. After this, the word count
increased modestly, and then later declined over four to six months,
back to baseline [43]. These results support why feedback to caregivers
are of importance. Suskind and colleagues [45] found in their inter-
vention study that adult word count increased significantly (31.6%
increase) post-intervention, after six intervention sessions. These two
study results [43,45] illustrate the value of individual feedback to
caregivers on e.g. their adult word count and verbal interaction. A rich
language environment from early stages will require more than a
quantitative measure as given here with the LENA system. However,
this quantitative measure and the individual feedback gives an oppor-
tunity for caregivers to increase their adult word count and hopefully
provide and affect young children with enriched language stimuli in the
home environment, further leading to ideal cognitive and educational
outcomes for children later in life [45].

The recommended 1-3-6 policy [46], was not achieved and de-
monstrated in the present study. In addition, the majority of the par-
ticipants spontaneously reported that they were not pleased with their
follow-up procedure and the lack of early intervention actions after
screening. The majority of the caregivers had higher education level,
which previously has been proven to affect positively on the quality and
engagement of parents in language stimulation [5]. Still, the retro-
spective frustration of participants in the current study, indicate that all
caregivers, regardless of education level, benefit from individually
based support and parent guidance, besides from early fitting of hearing
technology. For Norwegian families with lower socio-economic status
level the influence of family-centred intervention would have an im-
portant impact [46]. Use of LENA recordings in clinical practice could
give clinicians access to the language environment in real life situations
of children with hearing impairment and their families. The results
could be used in goal setting, and the individual goals can easily be
evaluated with new recordings.
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4.1. Follow-up procedure after newborn hearing screening in Norway

Caregivers of the participants in the pilot study reported a wide
spread of variation in their experienced follow-up procedure and in-
tervention actions after the HI identification (see Table 2.). Overall, the
self-reported statistics showed insufficient and inadequate follow-up
procedures after detected HI. None of the participants was offered early
family-centred intervention, which was unexpected due to the wide-
spread evidence-based research about why this is essential. The follow-
up statistics of the sample are startling considering the suggested best
practice [46], which clearly states that newborn hearing screening
should be done within one month postpartum, and if a child does not
pass the screening, the hearing diagnose should be investigated im-
mediately, and confirmed within three months after birth. And within
six months postpartum, preferable as soon as possible, an adequate
hearing aid fitting and family intervention actions should be introduced
[46]. Only three of eight Norwegian participants reported that the Joint
Committee guidelines concerning screening and diagnose had been
followed. In one case did the caregivers report that the child did not
pass the OAE at birth, but did not receive a hearing diagnose before the
age of 26 months. And not until the age of 31 months was the child
fitted with hearing aids for the first time (see Table 2) (see Table 3).

In Norway there is a national recommendation to follow the
guidelines « National professional guidelines for universal newborn
hearing screening” (Nasjonal faglig retningslinje for screening av hørsel
hos nyfødte) from “the Norwegian Directorate of Health» [47]. Al-
though it is a recommendation, it is not a directive to follow and adopt
to the suggested 1-3-6 policy [46,47]. Nevertheless, parents that are
offered universal newborn hearing screening (UNHS) at the hospital do
have an expectation about follow-up actions if their child does not pass.
It is yet unknown to what degree families are provided with early, and
preventive intervention actions besides hearing technology. Con-
sidering that the majority of participants spontaneously reported that
they were not pleased with their follow-up actions, and expressed that
they were unsatisfied with the information and general health care

actions they got after screening, it would be essential to evaluate the
follow-up procedures after UNHS in Norway, including to ask care-
givers about their experiences of the UNHS program. Furthermore, one
should also consider to explore if both female and male caregivers of
children with HI are engaged from start in family-centred intervention
actions, after the hearing diagnose has been confirmed [9,46,47].

4.1.1. Validity
The validity of the current study had some limitations concerning

generalizability, sampling method, effect size, errors of measurement
and the fact that there was only one recording per family. All these
factors have been considered when conducting the research. When
conducting similar research studies in the future, there should be time
to do more than one recording per family, which will strengthen the
reliability of the measures. Considering that the participants were
young children, their condition of the recording day was a contributing
factor. Sampling method and size was a challenge but could have in-
creased the generalizability of the study results by collecting a bigger
sample through random sampling [48]. The participants' ages were
wide, and sex was not evenly distributed in the two groups (NH, HI).
The caregivers’ socio-economic levels were narrow and not re-
presentative for the population. All these factors were considered, but
in some ways they influenced the generalizability and the validity of the
study.

4.2. Limitations and future perspective

The current study had limitations concerning the sample size, var-
iation in the participating caregivers’ educational level and limited
validation material. However, the pilot results are the first published
Norwegian data and indicate that LENA is a method that can be used
also in a Norwegian context, and that LENA can contribute with new
knowledge about for instance caregiver gender differences regarding
amount of language use, in both typical and clinical groups. However,
this should be further investigated in a broader and larger study cohort
with families of different socio-economic status level, including ex-
ploring more about the qualitative aspects of interaction patterns in
female and male caregivers, which is not measured by automatic LENA
recordings.

5. Conclusion

The pilot LENA results showed that Norwegian female caregivers
talked more close to young children than male caregivers, regardless of
the children's hearing status. Children with HI were exposed to more
words than children with NH, which is encouraging, because children
with HI require a larger amount of language stimuli than children with
NH because of their reduced hearing ability and initial auditory

Table 2
Follow-up procedure and early intervention in children with HI (n = 8).

Age at hearing
diagnose

Age at hearing
aid fitting

Degree of hearing
impairment

Follow- up procedure after HI identification Type of hearing aid
technology

Has been offered family-
centred intervention

2 months 5 months Mild Hospital and Educational audiologist in childcare
centre

Unilateral BAHA No

6 months 9 months Moderate Educator in childcare centre Bilateral HA No
18 months 18 months Severe Special needs educator Bilateral HA No
5 weeks 6 months Profound Educational audiologist, National service for

special needs education
Bilateral CI No

5 weeks 3 months Moderate Audiology centre Bilateral HA No
26 months 31 months Profound Educational and psychological counselling service Unilateral BAHA No
* No use of HA Moderate- severe Educational and psychological counselling service No use of HA No
3 months 12 months Moderate Educational and psychological counselling

service, National service for special needs
education

Unilateral BAHA No

Note: Self-reported follow-up procedure for the participating children (HI, n = 8). *Unknown ages at hearing diagnoses.

Table 3
Recording length and audio environment results from the LENA recordings
(N = 17).

N Range Min Max Mean Std. Deviation

Recording (hours) 17 6.8 9.1 16 12.3 1.6
Electronic Audio 17 17 1 18 6.4 5.2
Noise 17 10 2 12 5.41 2.4
Silence 17 35 25 60 38.9 10.0
Distant 17 19 15 34 22.3 5.7
Meaningful 17 24 15 39 26.8 6.0

Notes: Electronic Audio, Noise, Silence, Distant and Meaningful are presented as
mean percentage (%) of the recording time.
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deprivation. Male caregivers should be included in future studies that
examine dyadic communicative patterns (child and adult), to gain more
knowledge about possible gender differences and similarities. Hearing
habilitation actions should acknowledge all caregivers, and make sure
that they are provided with knowledge on individual level, about how
one can stimulate young children's spoken language with both quali-
tative and quantitative stimulation strategies.
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