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When children start formal education, they are expected to be able to express complex 
thoughts. However, in order to do so, they need to be able to use both complex grammatical 
structures and a variety of words. One group that is at risk of having a delay in terms of 
their expressive language ability is children with cochlear implants (CI). In this study, 
we evaluated whether children with CI perform comparably to children with typical hearing 
(TH) on a standard expressive spoken grammar and a standard expressive spoken 
vocabulary task when the groups were matched on non-verbal intelligence and working 
memory capacity. It was found that the children with CI in this study performed more 
poorly on a standard expressive spoken vocabulary task but not on a standard expressive 
spoken grammar task when compared to the children with TH. Differences in terms of 
expressive spoken vocabulary do not seem to be explained by differences in cognitive 
ability. In addition, the variation in terms of expressive spoken language ability was larger 
in the children with CI compared to the children with TH. This might be explained by 
additional confounding factors, like the time of language deprivation or by a greater 
influence of cognitive differences for the acquisition of spoken language for children with CI.

Keywords: expressive grammar, expressive vocabulary, working memory, non-verbal intelligence, cochlear 
implant, children

INTRODUCTION

When children reach school-age, they are expected to use their native language with ease. 
They should be  able to use both complex grammatical structures and a large variety of words. 
This language proficiency is necessary to express complex thoughts, beliefs, and desires, which 
is essential to participate in learning and social activities in school. In addition, grammatical 
competence (Bishop and Adams, 1990) and vocabulary skills (Biemiller, 2003) have been 
linked to literacy development and expressive grammar has been found to be  important for 
peer social behavior in typically developing kindergarten children (NICHD, 2001). However, 
one group that is at risk of not being able to use language in an age-appropriate way when 
starting formal education is deaf and hard of hearing children with cochlear implants (CI) 
(Geers et  al., 2009). In this study, we  aim to evaluate whether differences in expressive spoken 
language ability between children with CI and children with typical hearing (TH) can 
be  explained by cognitive differences, and whether individual differences in cognitive abilities 
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have a larger influence on the expressive spoken language 
ability of children with CI when compared to children with TH.

Children with CI are at risk of performing more poorly 
on expressive spoken language tasks compared to peers with 
TH (Nicholas and Geers, 2007; Duchesne et  al., 2009; Inscoe 
et  al., 2009; Nott et  al., 2009; Boons et  al., 2012, 2013; Lund, 
2016). Cupples et  al. (2018) found that children with CI or 
hearing aids (HA) perform approximately one SD below children 
with TH on tasks measuring expressive spoken language. One 
explanation for this is that children with CI are likely to 
experience a time of language deprivation early in life. A large 
proportion of children with CI are born to hearing parents 
(Mitchell and Karchmer, 2004). As hearing parents are unlikely 
to be  fluent signers, the children are likely to have limited 
access to language before receiving their implant. Another 
explanation is that hearing with a CI leads to a distorted 
input signal and it might, therefore, require more cognitive 
resources to acquire and use spoken language using a CI in 
comparison to when having TH. This is in accordance with 
results by Inscoe et  al. (2009). The authors found that a larger 
percentage of children with CI do not have expressive spoken 
language skills at their hearing age level (time since they 
received their CI). Additionally, cognitive functions like 
non-verbal intelligence (Geers et  al., 2003a; Tobey et  al., 2003; 
Holt and Kirk, 2005) and working memory (Willstedt-Svensson 
et  al., 2004) have been found to be  associated with expressive 
spoken language skills in children with CI. van Wieringen 
and Wouters (2015) argued that differences in executive function 
skills, like working memory, might be  one explanation for the 
variation in terms of spoken language outcome seen in children 
with CI. However, non-verbal intelligence (van der Schuit et al., 
2011) and working memory (Newbury et  al., 2015) are also 
associated with the spoken language ability of children with 
TH. It could be argued that while cognitive skills are associated 
with spoken language ability, both in children with CI and 
children with TH, the influence of cognitive skills on spoken 
language outcome might be  larger in children with CI due to 
the distorted input signal. One indication for this is the large 
variation in terms of expressive spoken language in children 
with CI (Chilosi et  al., 2013; Hess et  al., 2014), which might 
be  explained by a larger influence of individual differences 
(for example, in terms of cognitive ability). However, neither 
Chilosi et  al. (2013) nor Hess et  al. (2014) have compared 
this variation to a matched group of children with TH. It is 
therefore unclear if the variance seen in children with CI is 
larger than in the typically developing population.

Non-verbal intelligence (Geers et  al., 2003a; Tobey et  al., 
2003; Holt and Kirk, 2005) and working memory (Kronenberger 
et  al., 2013, 2014b) have been found to influence spoken 
language ability in children with CI and children with TH 
(van der Schuit et  al., 2011; Newbury et  al., 2015) but children 
with CI have also been found to be  at risk of performing 
more poorly on non-verbal intelligence (Cejas et  al., 2018) 
and working memory tasks (Harris et  al., 2013; Kronenberger 
et al., 2014b) compared to children with TH. Cejas et al. (2018) 
found that children with CI have non-verbal intelligence scores 
in the normal range, but still perform significantly more poorly 

than children with TH even after controlling for maternal 
education. More importantly, verbal working memory ability 
has been found to be  significantly lower in children with CI 
even if they are compared to children with TH matched on 
non-verbal intelligence (Kronenberger et  al., 2014b). Conway 
et al. (2009) assume that auditory deprivation leads to disturbed 
sequencing ability due to the absence of auditory scaffolding. 
This disturbed sequencing ability might in turn lead to lower 
verbal working memory skills in children with CI. von Koss 
Torkildsen et  al. (2018) argue against this claim. They found 
no lower performance of children with CI in terms of sequential 
learning. They argued that studies finding differences are often 
using tasks which encourage verbal rehearsal strategies. One 
additional reason for differences in both non-verbal intelligence 
and working memory might be  a sample selection bias. The 
children with TH that take part in studies as control groups 
might be  children with a higher cognitive ability than the 
general population, while the children with CI might be  more 
diverse. Parents might be more willing to let their child participate 
in the control group of a scientific study if they assume their 
child will “do well.” This has not yet been evaluated but it 
seems reasonable to assume that this might be  the case given 
that sample selection bias has been found in other research 
areas (Larzelere et  al., 2004; Roe et  al., 2009). An additional 
factor leading to differences between children with CI and 
children with TH in terms of cognitive ability could also be  a 
high proportion of additional disabilities, especially developmental 
delays (Birman et  al., 2012) and neuropsychological problems 
(Kronenberger et  al., 2014a) in children with CI. Being deaf 
or hard of hearing seems to delay the diagnosis of developmental 
disorders (Roper et  al., 2003; Mandell et  al., 2005). Therefore, 
a large percentage of these disabilities might not be  detected 
in children with CI until they are older but might still influence 
the child’s cognitive performance during the time of testing.

Matching is essential for meaningful group comparison. It 
reduces the influence of confounding factors and thereby limits 
the number of possible interpretations of a result (Facon et  al., 
2011). Two factors associated with expressive spoken language 
ability are verbal working memory (Willstedt-Svensson et  al., 
2004; Newbury et  al., 2015) and non-verbal intelligence (van 
der Schuit et  al., 2011; Cupples et  al., 2018). It is important to 
control for these abilities when comparing the expressive spoken 
language ability of children with CI and children with TH. If 
the comparison groups differ on verbal working memory ability 
and/or non-verbal intelligence, differences in expressive spoken 
language ability might be  explained by underlying cognitive 
differences between the groups. For non-verbal intelligence, a 
procedure often chosen is to exclude children with a non-verbal 
IQ below 70 or 80 (Nicholas and Geers, 2007; Duchesne et  al., 
2009; Geers et al., 2009; Boons et al., 2012, 2013; Chilosi et al., 2013). 
However, this does not prevent differences between comparison 
groups in terms of non-verbal IQ. The mean and distribution 
of non-verbal IQ scores could still be statistically different. Facon 
et  al. (2011) emphasized that it is important to not only match 
groups on mean but also on SD and that alpha levels need to 
be  increased, preferably to 0.5 or larger, to ensure the groups 
are actually similar in the matched skills. According to Frick’s 
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categories, matching is only ensured if the p of the comparison 
is 0.65 or larger (Frick, 1995; Mervis and Klein-Tasman, 2004). 
This means, that non-significant difference between groups in 
terms of non-verbal intelligence like reported by Nittrouer et  al. 
(2014) does not mean that groups can be considered to be matched 
on this skill. If groups are not matched in terms of non-verbal 
intelligence, this might lead to differences in the mean and 
distribution in terms of spoken language, as non-verbal IQ has 
been found to be  associated with spoken language in children 
with CI (Geers et  al., 2003a, 2007; Holt and Kirk, 2005; 
Kronenberger et  al., 2014b; Cupples et  al., 2018) and children 
with TH (van der Schuit et  al., 2011). Furthermore, no study 
has matched children with CI and children with TH on verbal 
working memory when comparing their expressive spoken language 
ability. However, verbal working memory has been found to 
be  associated with spoken language in both children with CI 
(Willstedt-Svensson et al., 2004; Kronenberger et al., 2013, 2014b) 
and children with TH (Newbury et  al., 2015). This means that 
even if comparison groups are matched on non-verbal IQ, 
differences in spoken language ability in terms of average 
performance and degree of variability might be  explained by 
differences in working memory.

The aim of the current study is to evaluate whether differences 
in spoken expressive language in terms of average performance, 
like those found by, for example, Boons et  al. (2013), and 
variance, like found, for example, by Hess et  al. (2014) are 
still observed when comparing children with CI to children 
with TH matched on non-verbal intelligence and verbal working 
memory. The results will allow us to examine whether differences 
in expressive spoken language between children with CI and 
children with TH can be  explained by differences in cognitive 
abilities. If this is the case, we would expect to find no differences 
in terms of average performance on the expressive spoken 
language tasks between groups matched on cognitive abilities. 
Similarly, we  would expect to find no differences in terms of 
variation in expressive spoken language if these variations are 
mostly due to individual differences in non-verbal intelligence 
and verbal working memory.

MATERIALS AND METHODS

Participants
Fifty-five children participated in the study. Seventeen of them 
had CIs and 38 were typically hearing (TH). A consent form 

was signed by the children’s caregivers. Both the children and 
the caregivers were told that they could drop out of the study 
without giving a reason. The study was approved by the local 
Research Ethics Review Committee in Linköping (Ref: 2015/308-31). 
All children received stickers for their participation.

Because of the different age distributions in the groups, it 
was decided to use scaled scores for the analysis of the expressive 
spoken language skills. The tests used to assess non-verbal 
intelligence and working memory are listed in the Material 
section. The statistical tests used to assess the matching were 
chosen depending on whether the data was normally distributed 
(Levene’s test and t-test) or not (Fligner-Killeen test and Mann-
Whitney U test). Descriptive data regarding the participant 
groups are presented in Table 1. The children were individually 
matched in terms of their verbal working memory performance. 
For three children with CI, no child with TH could be matched 
in terms of verbal working memory performance and these 
three children have been excluded from the analysis. In addition, 
to improve the matching on non-verbal working memory, three 
of the children with TH were replaced with children not 
matched for verbal working memory (difference between child 
with CI and child with TH: 0.5, 1.5, and 2 points) but who 
were matched on non-verbal working memory. This led to a 
sample of 14 children with CI and 14 children with TH. The 
groups were matched (Frick, 1995; Facon, et al., 2011) in terms 
of verbal working memory, both on SD, F(1,26) = 0.085, p 
= 0.773, and mean, t(26) = -0.242, p = 0.811, d = 0.09. The 
groups were matched in terms of non-verbal intelligence, both 
on SD, F(1,26) = 0.007, p = 0.933, and mean, t(26) = -0.380, 
p = 0.707, d = 0.144. The groups matched in terms of non-verbal 
working memory, both on variance, χ2 = 0.058, p = 0.810, 
and median, U = 88.5, p = 0.650, r = 0.090. The groups were 
found to differ significantly in terms of age distribution, F(1,26) 
= 10.526, p = 0.003, but not in mean age, t(17.133) = 0.817, 
p = 0.425, d = 0.308.

The results from the non-verbal intelligence task have been 
reported in another study about pragmatic language ability 
(Socher et  al., 2019). Missing data and differences in matching 
procedure led to the differences in terms of the sample include 
here and in the study about pragmatic language ability.

Material
Expressive spoken language was tested by evaluating the children’s 
expressive spoken grammar and expressive spoken vocabulary 
skills. In addition, non-verbal intelligence, complex verbal 

TABLE 1 | The descriptive data for the children with CI and the children with TH.

Group Age range Average age Female/Male Unilateral/
Bilateral CIs

Age at 
implantation 

range

Age at implantation 
mean and SD

Language

CI 5;6–8;2 6;8 (11) 9/5 2/12 0;5–5;6 23 (20) months oral: 6

oral + sign support: 6

sign-language + oral language: 2
TH 5;7–7;1 6;5 (4.5) 7/7 - - - oral: 14

The data concerning age at implantation and language use were collected by means of a questionnaire filled out by the caregivers.
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working memory capacity, and non-verbal working memory 
were assessed and used to match the groups. All tests were 
administered in Swedish.

Expressive Spoken Vocabulary
To assess the expressive spoken vocabulary skills of the children, 
the expressive spoken vocabulary task from the Clinical Evaluation 
of Language Fundamentals IV (CELF-IV) battery (Semel et  al., 
2013) was used. In this task, the child was asked to name 
pictures. It started with a demonstration trial, and then two 
practice trials followed. The main task included 20 test trials. 
For the age group tested in the current study, the task started 
with trial three, leading to 18 test trials in total. If the child 
was unable to answer either test trial three or four correctly, 
the previous trials were presented in reverse order until the 
child had one point for two trials in a row. The child received 
one point for every correctly named picture. If the child was 
unable to name four pictures in a row, the task was terminated. 
The maximum amount of points a child could get was 20. 
The raw score was converted to the scaled score (Semel et  al., 
2013) and adjusted for age, for each individual child.

Expressive Spoken Grammar
The Formulate Sentences task from the CELF-IV battery (Semel 
et  al., 2013) was used to measure expressive spoken grammar. 
In this task, the child saw a picture and was asked to describe 
the picture using a target word. The test consisted of a 
demonstration trial, two practice trials, and 22 test trials. The 
test was terminated if the child got 0 points for four sentences 
in a row. The child got two points for the sentence if it was 
a complete, grammatically, and syntactically correct sentence 
that included the target word(s) and fitted logically to the 
picture. The child got one point for a sentence if it was a 
whole sentence including the target word(s), logically fitting 
to the picture and had a maximum of two syntactical or 
grammatical errors, or a maximum of one conjunction or 
article missing. The child got 0 points for a sentence if the 
sentence did not meet the criteria for one or two points. The 
maximum amount of points a child could get for this test 
was 44. The raw score was converted to the scaled score (Semel 
et  al., 2013) and adjusted for age, for each individual child.

Non-verbal Intelligence
The Matrices test from the Wechsler Nonverbal Scale of Ability 
(WNV) test battery was used (Wechsler and Naglieri, 2007). 
This test consisted of a demonstration trial, three practice trials, 
and 41 test trials. The first six test trials were bypassed (Wechsler 
and Naglieri, 2007). For each trial, the child saw three matrices 
and a question-mark in a 2 × 2 grid. Five response alternatives 
were also presented. The child was then asked which of the 
five alternatives fit best to the three other stimuli. The test 
was terminated if the child gave the wrong answer to four 
out of five trials in a row.

Complex Verbal Working Memory
The sentence completion and recall task from the Sound 
Information Processing System (SIPS) battery (Wass et al., 2008) 

was used as a complex verbal working memory measure. The 
test was adapted from Towse et al. (1998). The task has previously 
been used for children with CI from the same age group as 
tested in the current study (Wass et  al., 2008). The children 
heard a recorded sentence, spoken by a female speaker, with 
the last word missing. The child was then asked to fill in the 
missing word. A standard instruction was used and the child 
could practice using two examples before the test started. Those 
practice trials were also used to adjust the sound level to the 
needs of the child. The sentence completion and recall task 
consisted of two sets. Each of those sets consisted of three 
levels ranging from two to four sentences. After the child 
listened to all the sentences within one block and filled in the 
missing last word, she/he was asked to repeat the last words 
of the sentences. The child got points for every word she/he 
recalled correctly. The maximum amount of points was 18.

Non-verbal Working Memory
As a measure of spatial memory, the Visual Matrix Patterns 
test from the SIPS battery was used (Wass et  al., 2008). In this 
task, the child saw a 5  ×  5 matrix of 25 gray blocks on a 
computer screen. A pattern of blocks turned black. The child 
was then asked to recall the pattern by clicking on the respective 
blocks in the correct order. The difficulty level ranged from 
one to eight blocks. Each level consisted of three different patterns. 
The task was aborted if the child was not able to recall at least 
two of the three patterns for the last two levels. A standard 
instruction was used. The child got a point for every level in 
which she/he recalled at least two of the three patterns correctly.

Procedure
The children were tested one-to-one by a speech and language 
pathologist or a speech and language pathology student in 
their last university term. They were tested in a quiet room 
at school or at home. The test sessions were recorded 
using a Dictaphone. The order of the tests was randomized. 
The testing was part of a larger research project and the children 
were tested on more tasks than are reported here. For the 
children with CI, a microphone and/or amplifier were used 
during testing if these resources were available. Otherwise, the 
children listened to the oral test material using the laptop 
loudspeakers. The practice trials were used to make sure that 
the child understood the task and that the sound level was 
high enough. If the child reported being unable to hear the 
recordings properly, the sound level was adapted.

Statistical Analysis
We used R (R Core Team, 2016) with the packages tidyverse 
(Wickham et  al., 2019), effsize (Torchiano, 2020), rstatix 
(Kassambara, 2020), and car (Fox and Weisberg, 2019) to sort, 
edit, analyze, and plot our data.

The data were checked for normality. The data for the 
expressive spoken grammar task were non-normally distributed, 
and the data for the expressive spoken vocabulary task were 
normally distributed. The alpha value was set to 0.05.

To analyze if the groups differed in terms of variance for the 
expressive spoken grammar task, a Fligner-Killeen tests was used. 
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In addition, the range and interquartile range (IQR)  were 
calculated. To analyze the differences between the groups in 
terms of their expressive spoken grammar ability, Mann-Whitney 
U tests were calculated. r was used as a measure of effect size 
for this analysis. To analyze if groups differed in terms of 
variance for the expressive spoken vocabulary task, a Levene’s 
test was used. To evaluate differences between the groups in 
terms of their expressive spoken vocabulary, a t-test was calculated. 
Cohen’s d was used as a measure of effect size for this analysis.

As the group of children with CI was diverse in terms of 
age of implantation, correlations were calculated between the 
age of implantation and both expressive spoken language 
measures to evaluate the effect of these differences.

RESULTS

Expressive Spoken Grammar
No significant difference in terms of variance was found 
between the children with CI and the children with TH, 
χ2  =  3.198, p  =  0.07. The range was slightly larger for the 

children with CI (14) compared to children with TH (13). 
In addition, a difference in IQR was found between the children 
with CI (10.8) and the children with TH (3), indicating that 
the middle 50% of the data were more spread out for the 
children with CI. No significant difference was found in terms 
of performance, U  =  78.5, p  =  0.376, r  =  0.172. Group 
performance is graphically presented in Figure 1. The minimum, 
maximum, IQR, median, and statistical comparisons are 
presented in Table  2.

Expressive Spoken Vocabulary
A significant difference in terms of variance was found 
between the children with CI and the children with TH, 
F(1, 26)  =  5.192, p  =  0.031. The range was larger for the 
children with CI (13) compared to children with TH (7). 
In addition, a difference in IQR was found between the 
children with CI (4.75) and the children with TH (3.25). A 
significant difference was found in terms of performance, 
t(18.767) = −3.387, p = 0.003, and d = 1.28, with the children 
with CI performing significantly more poorly than the 
children with TH. Group performance is graphically 

FIGURE 1 | The performance of the children with cochlear implants (CI) and the children with typical hearing (TH) on the expressive spoken grammar task. The 
individual data as well as the group data and the p of the group comparison are presented.

TABLE 2 | The minimum, maximum, IQR, and median for the  expressive spoken grammar task for the children with CI and children with TH.

Group Minimum Maximum IQR Median Comparison variance Comparison median

CI 1 15 10.8 10   X2 = 3.198, p = 0.07   U = 78.5, p = 0.376, r = 0.172
TH 2 15 3 11.5

In addition, the statistical comparison of the variance and the median is presented.
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FIGURE 2 | The performance of the children with CI and the children with TH on the expressive spoken vocabulary task. The individual data, as well as the group 
data (mean and SD) and the p of the group comparison, are presented.

TABLE 3 | The minimum, maximum, IQR, and mean for the expressive vocabulary task for the children with CI and children with TH.

Group Minimum Maximum IQR Mean Comparison variance Comparison mean

CI 1 14 4.75 7.21 (4.19)   F(1, 26) = 5.192, p = 0.031   t(18.767) = −3.387, p = 0.003, 
d = 1.28TH 7 14 3.25 11.4 (2.03)

In addition, the statistical comparison of the variance and the mean is presented.

presented in Figure 2. The minimum, maximum, IQR, median, 
and statistical comparisons are presented in Table  3.

DISCUSSION

The aim of the current study was to analyze differences 
in expressive spoken language skills of children with CI 
and children with TH matched both on non-verbal intelligence 
and working memory. The results indicated that children 
with CI perform significantly more poorly on an expressive 
spoken vocabulary task compared to children with TH but 
that there is no significant difference between the groups 
in terms of expressive spoken grammar. In addition, the 
variance in the groups was found to differ significantly for 
the expressive spoken vocabulary but not for the expressive 
spoken grammar task. The IQR was, however, considerably 
larger for the children with CI compared to the children 
with TH for the expressive spoken grammar task and there 
was a tendency toward a significant difference in terms 
of variance.

The children with CI taking part in the current study were 
found to not perform significantly, more poorly on a standard 
expressive spoken grammar task. The effect size was small, 
indicating only a small difference between the groups. This 
result is in contrast to previous studies (Inscoe et  al., 2009; 
Boons et  al., 2013). An important difference between the 
current study and the study by Boons et  al. (2013) is the 
matching procedure. Boons et  al. (2013) did not match the 
children on cognitive abilities. They excluded children with a 
non-verbal IQ below 80 but did not evaluate whether this 
led to two groups with a comparable average non-verbal IQ 
and a comparable variance in non-verbal IQ. Part of the 
difference found by Boons et  al. (2013) could, therefore, 
be  explained by differences in cognitive abilities. Cognitive 
abilities, like non-verbal intelligence (van der Schuit et  al., 
2011; Cupples et  al., 2018) and verbal working memory 
(Willstedt-Svensson et  al., 2004), have been found to 
be  associated with expressive spoken grammar competence, 
and differences between the groups in these abilities might 
lead to larger differences in the language domain. However, 
the influence might as well be  the other way around. It has 
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been argued that tasks which encourage verbal rehearsal 
strategies are influenced by language ability (von Koss Torkildsen 
et  al., 2018). The verbal working memory task used in the 
current study is such a task. In addition, language ability has 
also been found to influence the performance on the Matrix 
task (Dugbartey et  al., 1999), which has been used as a 
non-verbal intelligence measure in the current study. It could 
therefore be  argued that the language ability of the children 
might influence their performance on the cognitive tasks and 
therefore no differences have been found for expressive spoken 
grammar after matching them on non-verbal intelligence and 
verbal working memory. It could be  argued that the test used 
in the current study underestimates the differences between 
the groups as it does not control for the complexity of the 
grammatical structures used by the child or the exact number 
of errors (Semel et  al., 2013). The child receives 0 points for 
a task as soon as she/he makes more than two errors. This 
standard scoring might lead to undetected differences in the 
number of grammatical errors in the two groups. However, 
Boons et  al., 2013 used the same task as used in the current 
study and found a significant difference between children with 
CI and children with TH. Furthermore, the Formulate Sentences 
task is currently the only standardized expressive spoken 
grammar measure for Swedish.

In accordance with previous research (Boons et  al., 2013; 
Lund, 2016), this study has found a significantly lower 
performance of children with CI on a standard expressive 
spoken vocabulary compared to children with TH. Lund (2016) 
argues that it is hard to catch up with vocabulary skills as 
vocabulary continues to grow throughout life. This might be an 
explanation as to why children with CI in the current study 
performed lower on the expressive spoken vocabulary task 
even though they showed no significant difference to children 
with TH in terms of expressive spoken grammar. However, a 
smaller vocabulary might have large implications for the ability 
to communicate complex thoughts. Even if a child can use 
complex sentence structures, those are of no use if they cannot 
be  filled with words. In addition, Castellanos et  al. (2016) 
found that expressive spoken vocabulary skills are an important 
predictor for general expressive spoken language ability, executive 
function, and academic skills in children with CI. A delayed 
expressive spoken vocabulary ability could, therefore, have 
implications for a child’s school success. However, Lund and 
Douglas (2016) found that direct, explicit teaching of vocabulary 
might be  the most promising way to increase vocabulary skills 
in deaf and hard of hearing children. More research is needed 
to evaluate this kind of language training and its implication 
on long-term expressive spoken language outcomes in children 
with CI.

Studies comparing children with CI to children with TH 
in terms of expressive spoken language seldom statistically 
evaluate (or perhaps report) differences in variance between 
the groups (Boons et al., 2013; Hess et al., 2014). Nevertheless, 
it is often stated that children with CI show a greater variability 
in terms of  spoken language outcome. However, at a certain 
age, a large variance in language ability is also characteristic 
of typical development (Kidd et  al., 2018). It is, therefore, 

important to compare children with CI to a well-matched 
group of children with TH. This makes it possible to evaluate 
if the spread in terms of spoken language ability is significantly 
larger for children with CI than would be  expected by their 
variance in cognitive ability. In the current study, it was found 
that the variance in terms of expressive spoken vocabulary 
is significantly larger for children with CI even if they are 
compared to children with TH matched on non-verbal 
intelligence and working memory. This significant difference 
was most likely due to a larger range in the performance 
level of children with CI. The variance in terms of expressive 
spoken grammar was not found to significantly differ between 
children with CI and children with TH. However, this might 
be  due to the small sample size as there was a tendency 
toward a significant difference, and the interquartile range 
was considerably larger for children with CI. This is most 
likely due to more children with CI (5) than children with 
TH (3) performing in the lower range. Boons et  al. (2013) 
also found that children with CI tend to perform at or below 
the age norm, while children with TH perform at or above 
the age-norm. Expressive language abilities are important for 
children, both to take part in social interactions and to actively 
take part in school classes. Therefore, future studies should 
investigate what is causing the large spread in expressive spoken 
language ability of children with CI and the tendency to 
perform at lower levels than children with TH.

There are several possible explanations as to why the variance 
in performance was larger for children with CI. It might be the 
case that additional confounding factors which are not present 
in the group of children with TH, like age at implantation 
(Nicholas and Geers, 2006; Leigh et  al., 2013; Dettman et  al., 
2016), time of language deprivation (Hall et  al., 2019), hearing 
thresholds before implantation (Nicholas and Geers, 2006), or 
schooling (Geers et  al., 2003b) led to a larger spread in 
performance. In addition, the use of an oral language test 
might have underestimated the expressive language ability of 
some children with CI, especially those using signs as support 
or sign-language in addition to oral language. An alternative 
explanation might be that cognitive factors play a more important 
role for the expressive spoken language of children with CI. 
The input provided by a CI is sparser than in TH (Zeng, 
2004; Loizou, 2006), thus spoken language might be  more 
cognitively demanding when a CI is used. This is, however, 
only speculative and studies with larger samples are needed 
to evaluate the predictors for expressive spoken language in 
children with CI and children with TH matched on 
cognitive abilities.

Limitations of the Study
Research on deaf and hard of hearing children with CI is 
challenging. The group is small and recruiting a large number 
of participants especially in countries with small populations 
is often not possible. The current study is no exception and 
due to the small sample size, the results presented here must 
be  interpreted with caution. Replications are needed and the 
combination of results from different labs by means of meta-
analysis would be  highly recommended. In order to compare 
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predictors for expressive spoken language development for 
children with CI and children with TH, studies are needed 
which compare groups closely matched on cognitive abilities. 
A further limitation of the current study apart from the small 
sample size is the use of oral outcome measures. Several of 
the children with CI were reported to use sign-as-support 
and two of the children with CI were bilingual, using sign-
language, and oral language. Their true expressive language 
ability might be  underestimated when using a solely oral task. 
In addition, it is not clear if the matching for verbal working 
memory has led to the groups being matched on confounding 
factors, like speech perception ability. The verbal working 
memory task used in the current study was a sentence completion 
and recall task. This type of task is highly dependent on 
language skills. However, it was possible to assess if the children 
perceived the sentence correct by judging their responses in 
completion phase. Children mishearing the sentence would 
likely fill in a fitting word. The children were tested by 
experienced test-leaders and those were able to adapt the 
testing to the needs of the child. In addition, when scoring 
the test, the children received credits for remembering the 
words they used in in the completion phase. Therefore, wrong 
answers in the completion phase did not influence the scores 
of a child. Using this kind of scoring was intended to reduce 
the influence of vocabulary knowledge and receptive language 
ability on the performance of the children on the verbal 
working memory task.

CONCLUSION

The current study found that for children with CI individual 
differences in expressive spoken language ability are larger 
than for children with TH matched on non-verbal IQ and 
working memory ability. The data indicate that more children 
with CI perform at low levels. The larger spread in performance 
might be  explained by additional confounding factors in the 
group of children with CI, like age at implantation, or by 
a greater importance of cognitive abilities for the acquisition 
of oral language for children with CI. The results from the 
current study indicate that children with CI perform 
comparably to children with TH on an expressive spoken 
grammar task if the groups are matched on cognitive ability. 
This could be  explained both by an influence of verbal 
working memory and non-verbal intelligence on  expressive 
spoken grammar ability but also by an influence of expressive 
spoken grammar ability on the two cognitive measures. The 
direction of the influence should be the focus of further studies. 

Differences in  expressive spoken vocabulary do not seem 
to be  explained by cognitive differences, and other factors 
like the time of language deprivation might be  an important 
factor for this ability for children with CI.

DATA AVAILABILITY STATEMENT

The datasets generated for this study will not be made publicly 
available. It was ensured to the parents in the information 
letter that no data will be  send to anyone not part of the 
research team. This was also included in the ethics application. 
Requests to access the datasets should be  directed to MS, 
michaela.socher@liu.se.

ETHICS STATEMENT

The studies involving human participants were reviewed and 
approved by Research Ethics Review Committee in Linköping. 
Written informed consent to participate in this study was 
provided by the participants’ legal guardian/next of kin.

AUTHOR CONTRIBUTIONS

The study was prepared and designed by MS, MW, and BL.  
Analysis and interpretation of result were carried out by mainly 
MS, RE, and MW. The first draft of the manuscript was written 
by MS. MS, MW, RE, and BL took part in critical revision 
of the manuscript. All authors contributed to the article and 
approved the submitted version.

FUNDING

This work was supported by the European Union Seventh 
Framework Program (FP7/2007–2013) under Grant Agreement 
FP7-607139 (iCARE); and the Swedish Research Council for 
Health, Working Life and Welfare (2013-01363). The publication 
was supported by funding from the Linköping University Library 
for publishing an open access article.

ACKNOWLEDGMENTS

A special thanks to all the children and caregivers participating 
in this study and to Linn Hellgren, Malin Gärskog, Ingrid 
Hedström, and Elias Larsson for helping with the data collection.

 

REFERENCES

Biemiller, A. (2003). Vocabulary: needed if more children are to read well. 
Read. Psychol. 24, 323–335. doi: 10.1080/02702710390227297

Birman, C. S., Elliott, E. J., and Gibson, W. P. (2012). Pediatric cochlear 
implants: additional disabilities prevalence, risk factors, and effect on 
language outcomes. Otol. Neurotol. 33, 1347–1352. doi: 10.1097/
MAO.0b013e31826939cc

Bishop, D. V. M., and Adams, C. (1990). A prospective study of the relationship 
between specific language impairment, phonological disorders and reading 
retardation. J. Child Psychol. Psychiatry 31, 1027–1050. doi: 10.1111/j.1469- 
7610.1990.tb00844.x

Boons, T., Brokx, J. P. L., Dhooge, I., Frijns, J. H. M., Peeraer, L., Vermeulen, A., 
et al. (2012). Predictors of spoken language development following pediatric 
cochlear implantation. Ear Hear. 33, 617–639. doi: 10.1097/
AUD.0b013e3182503e47

https://www.frontiersin.org/journals/psychology
www.frontiersin.org
https://www.frontiersin.org/journals/psychology#articles
mailto:michaela.socher@liu.se
https://doi.org/10.1080/02702710390227297
https://doi.org/10.1097/MAO.0b013e31826939cc
https://doi.org/10.1097/MAO.0b013e31826939cc
https://doi.org/10.1111/j.1469-7610.1990.tb00844.x
https://doi.org/10.1111/j.1469-7610.1990.tb00844.x
https://doi.org/10.1097/AUD.0b013e3182503e47
https://doi.org/10.1097/AUD.0b013e3182503e47


Socher et al. Expressive Spoken Language Skills

Frontiers in Psychology | www.frontiersin.org 9 July 2020 | Volume 11 | Article 1405

Boons, T., De Raeve, L., Langereis, M., Peeraer, L., Wouters, J., and  van 
Wieringen, A. (2013). Narrative spoken language skills in severely hearing 
impaired school-aged children with cochlear implants. Res. Dev. Disabil. 34, 
3833–3846. doi: 10.1016/j.ridd.2013.07.033

Castellanos, I., Pisoni, D. B., Kronenberger, W., and Beer, J. (2016). Early expressive 
language skills predict long-term neurocognitive outcomes in cochlear implant 
users: evidence from the MacArthur-Bates Communicative Development Inventories. 
Am. J. Speech Lang. Pathol. 25, 381–392. doi: 10.1044/2016_AJSLP-15-0023

Cejas, I., Mitchell, C. M., Hoffman, M.Quittner, A. L., and CDaCI Investigative 
Team (2018). Comparisons of IQ in children with and without cochlear 
implants: longitudinal findings and associations with language. Ear Hear. 
39, 1187–1198. doi: 10.1097/AUD.0000000000000578

Chilosi, A. M., Comparini, A., Scusa, M. F., Orazini, L., Forli, F., Cipriani, P., 
et al. (2013). A longitudinal study of lexical and grammar development in 
deaf Italian children provided with early cochlear implantation. Ear Hear. 
34, e28–e37. doi: 10.1097/AUD.0b013e31827ad687

Conway, C. M., Pisoni, D. B., and Kronenberger, W. G. (2009). The importance 
of sound for cognitive sequencing abilities: the auditory scaffolding hypothesis. 
Curr. Dir. Psychol. Sci. 18, 275–279. doi: 10.1111/j.1467-8721.2009.01651.x

Cupples, L., Ching, T. Y., Button, L., Seeto, M., Zhang, V., Whitfield, J., et al. 
(2018). Spoken language and everyday functioning in 5-year-old children 
using hearing aids or cochlear implants. Int. J. Audiol. 57(Suppl. 2), S55–S69. 
doi: 10.1080/14992027.2017.1370140

Dettman, S. J., Dowell, R. C., Choo, D., Arnott, W., Abrahams, Y., Davis, A., 
et al. (2016). Long-term communication outcomes for children receiving 
cochlear implants younger than 12 months: a multicenter study. Otol. Neurotol. 
37, e82–e95. doi: 10.1097/MAO.0000000000000915

Duchesne, L., Sutton, A., and Bergeron, F. (2009). Language achievement in 
children who received cochlear implants between 1 and 2 years of age: 
group trends and individual patterns. J. Deaf. Stud. Deaf. Educ. 14, 465–485. 
doi: 10.1093/deafed/enp010

Dugbartey, A. T., Sanchez, P. N., Gail Rosenbaum, J., Mahurin, R. K., Mark 
Davis, J., and Townes, B. D. (1999). WAIS-III matrix reasoning test performance 
in a mixed clinical sample. Clin. Neuropsychol. 13, 396–404. doi: 
10.1076/1385-4046(199911)13:04;1-Y;FT396

Facon, B., Magis, D., and Belmont, J. M. (2011). Beyond matching on the 
mean in developmental disabilities research. Res. Dev. Disabil. 32, 2134–2147. 
doi: 10.1016/j.ridd.2011.07.029

Fox, J., and Weisberg, S. (2019). An R companion to applied regression. 3rd 
Edn. Thousand Oaks CA: Sage.

Frick, R. W. (1995). Accepting the null hypothesis. Mem. Cogn. 23, 132–138. 
doi: 10.3758/BF03210562

Geers, A., Brenner, C., and Davidson, L. (2003a). Factors associated with 
development of speech perception skills in children implanted by age five. 
Ear Hear. 24, 24S–35S. doi: 10.1097/01.AUD.0000051687.99218.0F

Geers, A., Brenner, C., Nicholas, J., Tye-Murray, N., and Tobey, E. (2003b). 
“Educational factors contributing to cochlear implant benefit in children” 
in International congress series. Vol. 1254. eds. J. Graham and R. R. Ruben 
(Oxford, UK: Elsevier), 307–312.

Geers, A. E., Moog, J. S., Biedenstein, J., Brenner, C., and Hayes, H. (2009). 
Spoken language scores of children using cochlear implants compared to 
hearing age-mates at school entry. J. Deaf. Stud. Deaf. Educ. 14, 371–385. 
doi: 10.1093/deafed/enn046

Geers, A. E., Nicholas, J. G., and Moog, J. S. (2007). Estimating the influence 
of cochlear implantation on language development in children. Audiol. Med. 
5, 262–273. doi: 10.1080/16513860701659404

Hall, M. L., Hall, W. C., and  Caselli, N. K. (2019). Deaf children need language, 
not (just) speech. First Lang. 39, 367–395. doi: 10.1177/0142723719834102

Harris, M. S., Kronenberger, W. G., Gao, S., Hoen, H. M., Miyamoto, R. T., 
and Pisoni, D. B. (2013). Verbal short-term memory development and spoken 
language outcomes in deaf children with cochlear implants. Ear Hear. 34, 
179–192. doi: 10.1097/AUD.0b013e318269ce50

Hess, C., Zettler-Greeley, C., Godar, S. P., Ellis-Weismer, S., and Litovsky, R. Y. 
(2014). The effect of differential listening experience on the development 
of expressive and receptive language in children with bilateral cochlear 
implants. Ear Hear. 35, 387–395. doi: 10.1097/AUD.0000000000000023

Holt, R. F., and Kirk, K. I. (2005). Speech and language development in 
cognitively delayed children with cochlear implants. Ear Hear. 26, 132–148. 
doi: 10.1097/00003446-200504000-00003

Inscoe, J. R., Odell, A., Archbold, S., and Nikolopoulos, T. (2009). Expressive 
spoken language development in deaf children with cochlear implants who 
are beginning formal education. Deafness Educ. Int. 11, 39–55. doi: 
10.1179/146431509790559688

Kassambara, A. (2020). rstatix: pipe-friendly framework for basic statistical tests. 
R package version 0.4.0. Available at: https://CRAN.R-project.org/package=rstatix 
(Accessed May 6, 2020).

Kidd, E., Donnelly, S., and Christiansen, M. H. (2018). Individual differences 
in language acquisition and processing. Trends Cogn. Sci. 22, 154–169. doi: 
10.1016/j.tics.2017.11.006

Kronenberger, W. G., Beer, J., Castellanos, I., Pisoni, D. B., and Miyamoto, R. T. 
(2014a). Neurocognitive risk in children with cochlear implants. JAMA 
Otolaryngol. Head Neck Surg. 140, 608–615. doi: 10.1001/jamaoto.2014.757

Kronenberger, W. G., Colson, B. G., Henning, S. C., and Pisoni, D. B. (2014b). 
Executive functioning and speech-language skills following long-term use 
of cochlear implants. J. Deaf. Stud. Deaf. Educ. 19, 456–470. doi: 10.1093/
deafed/enu011

Kronenberger, W. G., Pisoni, D. B., Harris, M. S., Hoen, H. M., Xu, H., and 
Miyamoto, R. T. (2013). Profiles of verbal working memory growth predict 
speech and language development in children with cochlear implants. J. 
Speech Lang. Hear. Res. 56, 805–825. doi: 10.1044/1092-4388(2012/11-0356)

Larzelere, R. E., Kuhn, B. R., and Johnson, B. (2004). The intervention selection 
bias: an underrecognized confound in intervention research. Psychol. Bull. 
130, 289–303. doi: 10.1037/0033-2909.130.2.289

Leigh, J., Dettman, S., Dowell, R., and Briggs, R. (2013). Communication 
development in children who receive a cochlear implant by 12 months of 
age. Otol. Neurotol. 34, 443–450. doi: 10.1097/MAO.0b013e3182814d2c

Loizou, P. C. (2006). “Speech processing in vocoder-centric cochlear implants” 
in Cochlear and Brainstem Implants. Vol. 64. ed. A. R. Møller, (Basel, 
Switzerland: S. Karger AG), 109–143.

Lund, E. (2016). Vocabulary knowledge of children with cochlear implants: a 
meta-analysis. J. Deaf. Stud. Deaf. Educ. 21, 107–121. doi: 10.1093/deafed/env060

Lund, E., and Douglas, W. M. (2016). Teaching vocabulary to preschool children 
with hearing loss. Except. Child. 83, 26–41. doi: 10.1177/0014402916651848

Mandell, D. S., Novak, M. M., and Zubritsky, C. D. (2005). Factors associated 
with age of diagnosis among children with autism spectrum disorders. 
Pediatrics 116, 1480–1486. doi: 10.1542/peds.2005-0185

Mervis, C. B., and Klein-Tasman, B. P. (2004). Methodological issues in group-
matching designs: α levels for control variable comparisons and measurement 
characteristics of control and target variables. J. Autism Dev. Disord. 34, 
7–17. doi: 10.1023/B:JADD.0000018069.69562.b8

Mitchell, R. E., and Karchmer, M. A. (2004). Chasing the mythical ten percent: 
parental hearing status of deaf and hard of hearing students in the United States. 
Sign Lang. Stud. 4, 138–163. doi: 10.1353/sls.2004.0005

Newbury, J., Klee, T., Stokes, S. F., and Moran, C. (2015). Exploring expressive 
vocabulary variability in two-year-olds: the role of working memory. J. Speech 
Lang. Hear. Res. 58, 1761–1772. doi: 10.1044/2015_JSLHR-L-15-0018

NICHD (2001). Child care and children’s peer interaction at 24 and 36 months: 
the NICHD study of early child care. Child Dev. 72, 1478–1500. doi: 
10.1111/1467-8624.00361

Nicholas, J. G., and Geers, A. E. (2006). Effects of early auditory experience 
on the spoken language of deaf children at 3 years of age. Ear and hearing, 
27:286. doi: 10.1097/01.aud.0000215973.76912.c6

Nicholas, J. G., and Geers, A. E. (2007). Will they catch up? The role of age 
at cochlear implantation in the spoken language development of children 
with severe-profound hearing loss. J. Speech Lang. Hear. Res. 50, 1048–1062. 
doi: 10.1044/1092-4388(2007/073)

Nittrouer, S., Sansom, E., Low, K., Rice, C., and Caldwell-Tarr, A. (2014). 
Language structures used by kindergartners with cochlear implants: relationship 
to phonological awareness, lexical knowledge and hearing loss. Ear Hear. 
35, 506–518. doi: 10.1097/AUD.0000000000000051

Nott, P., Cowan, R., Brown, P., and Wigglesworth, G. (2009). Early language 
development in children with profound hearing loss fitted with a device 
at a young age: part i—the time period taken to acquire first words and 
first word combinations. Ear Hear. 30, 526–540. doi: 10.1097/
AUD.0b013e3181a9ea14

R Core Team (2016). R: A language and environment for statistical computing. 
Vienna, Austria: R Foundation for Statistical Computing. Available at: https://
www.R-project.org/ (Accessed May 6, 2020).

https://www.frontiersin.org/journals/psychology
www.frontiersin.org
https://www.frontiersin.org/journals/psychology#articles
https://doi.org/10.1016/j.ridd.2013.07.033
https://doi.org/10.1044/2016_AJSLP-15-0023
https://doi.org/10.1097/AUD.0000000000000578
https://doi.org/10.1097/AUD.0b013e31827ad687
https://doi.org/10.1111/j.1467-8721.2009.01651.x
https://doi.org/10.1080/14992027.2017.1370140
https://doi.org/10.1097/MAO.0000000000000915
https://doi.org/10.1093/deafed/enp010
https://doi.org/10.1076/1385-4046(199911)13:04;1-Y;FT396
https://doi.org/10.1016/j.ridd.2011.07.029
https://doi.org/10.3758/BF03210562
https://doi.org/10.1097/01.AUD.0000051687.99218.0F
https://doi.org/10.1093/deafed/enn046
https://doi.org/10.1080/16513860701659404
https://doi.org/10.1177/0142723719834102
https://doi.org/10.1097/AUD.0b013e318269ce50
https://doi.org/10.1097/AUD.0000000000000023
https://doi.org/10.1097/00003446-200504000-00003
https://doi.org/10.1179/146431509790559688
https://CRAN.R-project.org/package=rstatix
https://doi.org/10.1016/j.tics.2017.11.006
https://doi.org/10.1001/jamaoto.2014.757
https://doi.org/10.1093/deafed/enu011
https://doi.org/10.1093/deafed/enu011
https://doi.org/10.1044/1092-4388(2012/11-0356)
https://doi.org/10.1037/0033-2909.130.2.289
https://doi.org/10.1097/MAO.0b013e3182814d2c
https://doi.org/10.1093/deafed/env060
https://doi.org/10.1177/0014402916651848
https://doi.org/10.1542/peds.2005-0185
https://doi.org/10.1023/B:JADD.0000018069.69562.b8
https://doi.org/10.1353/sls.2004.0005
https://doi.org/10.1044/2015_JSLHR-L-15-0018
https://doi.org/10.1111/1467-8624.00361
https://doi.org/10.1097/01.aud.0000215973.76912.c6
https://doi.org/10.1044/1092-4388(2007/073)
https://doi.org/10.1097/AUD.0000000000000051
https://doi.org/10.1097/AUD.0b013e3181a9ea14
https://doi.org/10.1097/AUD.0b013e3181a9ea14
https://www.R-project.org/
https://www.R-project.org/


Socher et al. Expressive Spoken Language Skills

Frontiers in Psychology | www.frontiersin.org 10 July 2020 | Volume 11 | Article 1405

Roe, B. E., Haab, T. C., Beversdorf, D. Q., Gu, H. H., and Tilley, M. R. (2009). 
Risk-attitude selection bias in subject pools for experiments involving 
neuroimaging and blood samples. J. Econ. Psychol. 30, 181–189. doi: 10.1016/j.
joep.2008.07.005

Roper, L., Arnold, P., and Monteiro, B. (2003). Co-occurrence of autism and 
deafness: diagnostic considerations. Autism 7, 245–253. doi: 10.1177/ 
13623613030073002

Semel, E., Wiig, E. H., and Secord, W. A. (2013). CELF-4, Clinical evaluation 
of language fundamentals. 4th Edn. Svensk Version (M. Garsell, Trans.). 
Bloomington, IN: NCS Pearson, Inc.

Socher, M., Lyxell, B., Ellis, R. J., Hedström, I., Gärskog, M., and Wass, M. 
(2019). Pragmatic language skills: a comparison of children with normal 
hearing and children with cochlear implants. Front. Psychol. 10:2243.  
doi: 10.3389/fpsyg.2019.02243

Tobey, E., Geers, A., Brenner, C., Altuna, D., and Gabbert, G. (2003). Factors 
associated with development of speech production skills in children implanted 
by age five. Ear Hear. 24, 36S–45S. doi: 10.1097/01.AUD.0000051687.99218.0F

Torchiano, M. (2020). Effsize: efficient effect size computation. R package version 
0.7.8. Available at: https://CRAN.R-project.org/package=effsize (Accessed May 
6, 2020).

Towse, J. N., Hitch, G. J., and Hutton, U. (1998). A reevaluation of working 
memory capacity in children. J. Mem. Lang. 39, 195–217. doi: 10.1006/
jmla.1998.2574

van der Schuit, M., Segers, E., van Balkom, H., and Verhoeven, L. (2011). 
How cognitive factors affect language development in children with intellectual 
disabilities. Res. Dev. Disabil. 32, 1884–1894. doi: 10.1016/j.ridd.2011.03.015

van Wieringen, A., and Wouters, J. (2015). What can we  expect of normally-
developing children implanted at a young age with respect to their auditory, 
linguistic and cognitive skills? Hear. Res. 322, 171–179. doi: 10.1016/j.
heares.2014.09.002

von Koss Torkildsen, J., Arciuli, J., Haukedal, C. L., and Wie, O. B. (2018). 
Does a lack of auditory experience affect sequential learning? Cognition 
170, 123–129. doi: 10.1016/j.cognition.2017.09.017

Wass, M., Ibertsson, T., Lyxell, B., Sahlén, B., Hällgren, M., Larsby, B., et al. 
(2008). Cognitive and linguistic skills in Swedish children with cochlear 
implants—measures of accuracy and latency as indicators of development. 
Scand. J. Psychol. 49, 559–576. doi: 10.1111/j.1467-9450.2008.00680.x

Wechsler, D., and Naglieri, J. A. (2007). WNV: Svensk Version: Manual 
(M. Garsell, Trans.). San Antonio, TX: Harcourt Assessment, Inc.

Wickham, H., Averick, M., Bryan, J., Chang, W., McGowan, L. D., François, R., 
et al. (2019). Welcome to the tidyverse. J. Open Source Softw. 4:1686. doi: 
10.21105/joss.01686

Willstedt-Svensson, U., Löfqvist, A., Almqvist, B., and Sahlén, B. (2004). Is age 
at implant the only factor that counts? The influence of working memory 
on lexical and grammatical development in children with cochlear implants. 
Int. J. Audiol. 43, 506–515. doi: 10.1080/14992020400050065

Zeng, F.-G. (2004). Trends in cochlear implants. Trends Amplif. 8, 1–34. doi: 
10.1177/108471380400800102

Conflict of Interest: The authors declare that the research was conducted in 
the absence of any commercial or financial relationships that could be  construed 
as a potential conflict of interest.

Copyright © 2020 Socher, Ellis, Wass and Lyxell. This is an open-access article 
distributed under the terms of the Creative Commons Attribution License (CC BY). 
The use, distribution or reproduction in other forums is permitted, provided the 
original author(s) and the copyright owner(s) are credited and that the original 
publication in this journal is cited, in accordance with accepted academic practice. 
No use, distribution or reproduction is permitted which does not comply with 
these terms.

https://www.frontiersin.org/journals/psychology
www.frontiersin.org
https://www.frontiersin.org/journals/psychology#articles
https://doi.org/10.1016/j.joep.2008.07.005
https://doi.org/10.1016/j.joep.2008.07.005
https://doi.org/10.1177/13623613030073002
https://doi.org/10.1177/13623613030073002
https://doi.org/10.3389/fpsyg.2019.02243
https://doi.org/10.1097/01.AUD.0000051687.99218.0F
https://CRAN.R-project.org/package=effsize
https://doi.org/10.1006/jmla.1998.2574
https://doi.org/10.1006/jmla.1998.2574
https://doi.org/10.1016/j.ridd.2011.03.015
https://doi.org/10.1016/j.heares.2014.09.002
https://doi.org/10.1016/j.heares.2014.09.002
https://doi.org/10.1016/j.cognition.2017.09.017
https://doi.org/10.1111/j.1467-9450.2008.00680.x
https://doi.org/10.21105/joss.01686
https://doi.org/10.1080/14992020400050065
https://doi.org/10.1177/108471380400800102
http://creativecommons.org/licenses/by/4.0/

	Comparison of Expressive Spoken Language Skills in Children With Cochlear Implants and Children With Typical Hearing
	Introduction
	Materials and Methods
	Participants
	Material
	Expressive Spoken Vocabulary
	Expressive Spoken Grammar
	Non-verbal Intelligence
	Complex Verbal Working Memory
	Non-verbal Working Memory
	Procedure
	Statistical Analysis

	Results
	Expressive Spoken Grammar
	Expressive Spoken Vocabulary

	Discussion
	Limitations of the Study

	Conclusion
	Data Availability St﻿﻿atement
	Ethics Statem﻿﻿ent
	Author Contr﻿﻿ibutions

	References

