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ABSTRACT

The usage-based model of language acquisition assumes that language is learned by its
usage. General cognitive processes, especially analogical reasoning ability, are assumed
to lead to the understanding of words and grammatical structures. It has been argued
that the time of language or auditory deprivation children with cochlear implants (CIs)
often experience early in life, might affect both their language and their cognitive abilities.
Children with CIs have disadvantages in terms of language acquisition as they start receiving
language input later than peers with typical hearing (TH), and the perceptual quality of the
input is reduced. However, they might have additional difficulties in language acquisition
if their analogical reasoning ability is negatively influenced by the language or auditory
deprivation early in life. The results found in this thesis show that the language delays
often seen in children with CIs are not explained by differences in analogical reasoning
ability. Results indicate that analogical reasoning ability has a limited influence on language
acquisition for the tested age-group. However, language abilities affect the performance on
analogical reasoning tasks which are either verbal or can be supported by verbal strategies.
This needs to be taken into consideration when comparing analogical reasoning ability of
children with CIs and children with TH. In addition, the results from this thesis indicate
that the structure of the mental lexicon is associated with the communication skills of
children with CIs. The structure of the mental lexicon is most likely influenced by the
amount of language input a child receives. The main implication of the results is that
emphasis should be put on reducing the duration of language deprivation and to improve
the quality of the language input for children with CIs.
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1. Introduction

Language is a human specific skill. It enables us to share our thoughts, beliefs
and desires, and to transmit information and knowledge. Using and under-
standing language is not trivial. The English language for example comprises
of around 171,476 words which can be used to construct an infinite num-
ber of sentences with different meanings. A language takes years to learn
and is often not fully mastered by a second language learner. However, if
a child does not have any severe neurocognitive disabilities they will acquire
language with impressive speed and without any formal training. When chil-
dren reach school-age most of them are able to engage in communication both
with adults and peers. They can express complex thoughts, and have acquired
an impressive amount of vocabulary. However, one group that is at risk for
language delay are deaf and hard of hearing (DHH) children with cochlear
implants (CI). This is not only true for children with CIs that have additional
neurocognitive disabilities (Holt & Kirk, 2005; Meinzen-Derr et al., 2011) but
also for children with CIs without any additional disability (Boons et al., 2013;
Geers et al., 2009; Lund, 2016). The most likely explanation for this is that
the spoken language acquisition of children with CIs is negatively influenced
by both language deprivation and reduced input quality.
Most DHH children are born to hearing parents (Mitchell & Karchmer, 2004)
who are not able to use sign-language. Therefore, language exposure for many
DHH children begins when their first CI is turned on. The preceding time of
language deprivation might be one explanation for the language delays seen
in children with CIs (Hall et al., 2019). A second explanation for language
delays might be that the input from a CI is more sparse compared to typical
hearing (TH) (Loizou, 2006). This might make spoken language acquisition,
as well as spoken language use, more cognitively demanding as more top-down
processes are needed to interpret the incoming sound (Rönnberg et al., 2013).
Many children with CIs have varying degrees of language delays when they
start formal education (at age 6 in Sweden) (Geers et al., 2009; Hansson et al.,
2018). This is problematic as language abilities influence the child’s ability to
take part in school classes and to communicate with peers. In addition, verbal
skills before school entry have been found to predict later academic outcome
(Kurdek & Sinclair, 2000).
How children are able to acquire language has been widely discussed in the
literature and emergentist approaches to language acquisition and processing
are on the rise. One of these approaches is the usage-based model of language
acquisition, which assumes that language is learned through and by its usage
(Behrens, 2009; Tomasello, 2000). Children want to understand the mean-
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Introduction

ing of an utterance, they want to know what the conversational partner is
trying to communicate (Tomasello, 2000). They are not interested in learn-
ing one specific word or one specific grammatical structure. They want to
be able to transmit and understand messages. In usage-based models of lan-
guage acquisition, as in all emergentist approaches, it is assumed that children
learn language from the input they receive. General cognitive processes are
thought to lead to the understanding of more and more words, and more and
more complicated grammatical structures (Behrens, 2009; Tomasello, 2000).
Within the usage-based models it has been assumed that social cognition,
working memory (WM) and analogical reasoning (in Behrens (2009) referred
to as: generalisation mechanisms) are the most important cognitive skills in
language acquisition (Behrens, 2009).
When acquiring a language, children have to detect patterns, rules and regu-
larities. This is done by analogical reasoning. Analogical reasoning refers to
the ability to apply the relational structure of one object to another (Gentner
& Smith, 2012; Gust et al., 2008). Several studies suggest that analogical rea-
soning is an important skill for language acquisition (Childers et al., 2016a;
Childers & Tomasello, 2001; Gentner & Christie, 2010; Gentner & Hoyos,
2017; Gentner et al., 2007; Gentner & Namy, 2006; Gerken, 2006, 2010; Leroy
et al., 2014; Leroy et al., 2012; Marcus, 1999; Sandhofer, 2001). In addition,
studies indicate that analogical reasoning ability is a trainable cognitive skill
(Klauer & Phye, 2008; A. Lenhard & Lenhard, 2011) and that improvements
in analogical reasoning transfer to language ability (Marx, 2006; Marx et al.,
2010). Children with CIs could potentially profit from such a training. How-
ever, analogical reasoning training has not yet been evaluated with children
with CIs.
The connection between analogical reasoning and language ability is not uni-
directional. Studies show that language ability is of importance for complex
analogical reasoning tasks (Baldo et al., 2010; Baldo et al., 2015; Gentner,
2016; Gentner & Christie, 2010; Krzemien et al., 2017). Baldo et al. (2005)
argue that inner speech is of importance for complex cognitive tasks, while
Gentner (2016) argues that language enables us to represent relations and, by
extension, improves analogical reasoning ability.
If language ability influences analogical reasoning ability this would mean
that children with CIs, who are at risk for language delays, are also at risk
for delays in terms of analogical reasoning ability. This is in accordance with
studies finding that children with CIs perform more poorly on analogical rea-
soning tasks (Cejas et al., 2018), especially in the verbal domain (Edwards
et al., 2011). This is problematic as analogical reasoning ability is essential
for learning and creativity (Gust et al., 2008) as well as for language acqui-
sition (Gentner & Namy, 2006), and pragmatic language ability (Loukusa et
al., 2007). Problems in the analogical reasoning domain might therefore have
widespread effects on communication as well as learning abilities.
The focus of this thesis is the language and analogical reasoning ability of
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1.1. Analogical Reasoning

DHH children with CIs who use spoken language as their main communica-
tion mode. The aim is to evaluate performance levels as well as associations
between language and analogical reasoning ability. This thesis focusses on
children with CI using spoken language for communication. Therefore all
language terms refer to spoken language.

1.1 Analogical Reasoning

Analogical reasoning refers to the ability to use similarities between relational
structures of objects or situations to infer missing information (Gentner &
Smith, 2012; Gust et al., 2008). Two examples are given in Figure 1. In the
verbal example, the sentence ”Puppy is to dog” is the source, whose rela-
tional structure (baby animal to adult animal) is used to infer the missing
information in the target: ”kitten is to ...”. Analogical reasoning has been
found to be important for learning and creativity (Gust et al., 2008), lan-
guage acquisition (Gentner & Namy, 2006), and pragmatic language ability
(Loukusa et al., 2007).
In research a distinction is often made between verbal and non-verbal ana-
logical reasoning. Examples of both types of analogical reasoning are given
in Figure 1. Both verbal and non-verbal analogical reasoning tests are often
used in intelligence testing. Some intelligence tests, like the Raven’s Matrices
(Raven & Court, 1938), rely only on the measurement of non-verbal analogical
reasoning.

Figure 1: An example of a verbal and a non-verbal analogical reasoning task.

Sub-processes
Three sub-processes Retrieval, Mapping and Evaluation are needed for ana-
logical reasoning according to Gentner and Smith (2012).
To engage in analogical reasoning, potential analogies need to be retrieved
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Introduction

from long-term memory. The analogy retrieved from memory is the source
which is used to explain relations in the target situation. For most analogical
reasoning tests these retrieval processes are not needed as the source analogies
are often provided (for example in intelligence testing).
Mapping processes are the core processes of analogical reasoning, according
to Gentner and Smith (2012). The mapping process is divided into two sub-
processes: alignment and inference. To solve an analogy, the similarities of
the relational structure of the source and target need to be aligned. If parts
of the relational structure found in the source are missing in the target, those
will be filled in via inference. In the verbal analogy in Figure 1 the relational
structure of the source (Puppy - Dog) would be evaluated first. In this ex-
ample the relational structure of the base is: ”baby -> adult”. Next, the
similarities between ”Puppy” (first item in source) and ”Kitten” (first item in
target) can be evaluated. This process is called alignment. For ”puppy” and
”kitten” similarities are for example that both are baby mammals, pets, they
usually have fur, four legs, and a tail. In a next step the relational structures
of the source and target are compared and aligned. The target sentences has
the relational structure ”baby -> adult”. Therefore from the similarities be-
tween ”puppy” and ”kitten” being a baby is picked to align the first half of
the relational structure of the source and target. To complete the relational
structure in the target to ”baby -> adult” the word ”cat” is filled in to solve
the analogy. This last step is referred to as inference process.
The last sub-process of analogical reasoning is evaluation (Gentner & Smith,
2012). Several factors are taken into consideration during this process. If
possible, the factual correctness of the inference will be checked. The adapt-
ability will be evaluated. This means that those inferences which can be more
easily modified and integrated into the target situation will be accepted. In
addition, those inferences that lead to the highest gain in knowledge will be
preferred over those that lead to less gain in knowledge.

Relational Integration
In order to solve a complex analogical reasoning task relational integration
needs to be used. Relational integration refers to the ability to integrate two or
more mental representation into one (Chuderski, 2014; Dauvier et al., 2014).
In the non-verbal analogy in Figure 1 for example, the vertical (change of
color) and the horizontal (change of shape) dimension need to be integrated to
solve the analogy. To be able to do this, both the mental representation of the
vertical dimension and the mental representation of the horizontal dimension
need to be kept in mind. In addition, they need to be manipulated in mind in
order to integrate them into one joint mental representation of the relational
structure of the analogy. This process relies on working memory (Cho et al.,
2007; Chuderski, 2014; Kane et al., 2004; Süß et al., 2002), the ability to
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1.2. Language and Analogical Reasoning

maintain and manipulate information in mind (Baddeley, 2012; Baddeley &
Hitch, 1994; Diamond, 2013).

1.2 Language and Analogical Reasoning

Gentner and Christie (2010) argue that analogical reasoning and language
have a reciprocal relationship. Analogical reasoning is an important skill for
generalization and categorization, two abilities that are essential for language
learning according to usage-based models of language acquisition (Behrens,
2009; Tomasello, 2009). Language, on the other hand, has been found to
boost analogical reasoning ability (Baldo et al., 2010; Gentner, 2016). Gentner
(2016) attributes this to two factors: Language invites comparison and can
be used as a symbolic system for relational comparison.

Usage-based model of language acquisition
The usage-based model of language acquisition assumes that children are able
to acquire language from the language input they receive using general cogni-
tive functions (Behrens, 2009; Tomasello, 2009). Tomasello (2009) argues that
language acquisition can only be understood starting with the process of com-
munication. He argues that children do not aim to understand single words or
specific syntactical constructs, but want to understand what a speaker wants
to communicate with an utterance. To do so, a child needs to first understand
the overall function of the utterance and then, in a second step, the functions
of the sub-components of the utterance. Two important cognitive functions
for this are intention-reading and pattern finding (Tomasello, 2009). Intention
reading refers to the ability to understand the common ground of a conver-
sation and to use joint attention. Pattern finding is essential to generalize
syntactical structures from the language input. Children have to compare
patterns in the language and extract abstract rules from these comparisons.
Pattern finding is part of the alignment process during analogical reasoning.
The theoretical claims made in the usage-based models of language acquisi-
tion therefore fit to experimental studies showing the importance of analogical
comparison processes for language acquisition (Gentner & Namy, 2006). Ana-
logical comparison processes have been found to be important for grammar
acquisition (Childers & Tomasello, 2001; Gentner & Hoyos, 2017; Gerken,
2010; Marcus, 1999), the development of semantic categories (Gentner &
Namy, 1999) and the learning of verb meanings (Childers et al., 2016b).

Analogical Reasoning Training

If analogical reasoning is of importance for the acquisition of grammar and the
construction of semantic categories (Gentner et al., 2007; Gentner & Namy,
1999; Gómez & Gerken, 2000), it could be argued that improving analogical
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Introduction

reasoning ability should boost language acquisition. Research by Marx (2006)
and Marx et al. (2010) indicates that this is the case.
Previous research suggests that analogical reasoning can be improved by
means of cognitive training (Klauer & Phye, 2008). Marx (2006) tested the ef-
fect of such an analogical reasoning training on language ability and compared
the effects to a language training. Marx (2006) found that both the analogical
reasoning training and the language training significantly improved language
ability. In contrast, analogical reasoning ability was only improved by the
analogical reasoning training. Marx (2006) assumed that this was due to the
analogical reasoning training leading to paradigmatic transfer. Paradigmatic
transfer refers to transfer effects from a cognitive training to skills that rely
on the trained skill. In the case of analogical reasoning training this means
that improving analogical reasoning ability should lead to effects on language
acquisition. This is also in accordance with results reported by Marx et al.
(2010). They also found effects of analogical reasoning training on differ-
ent language abilities, even when the training was conducted by kindergarten
teachers instead of a specially trained test leader. However, the improvement
might be explained by the fact that abilities which are improved via analogical
reasoning training, like generalisation, are also needed for the language tasks
used by Marx (2006) and Marx et al. (2010). This means an effect of the
training cannot necessarily be attributed to enhanced language acquisition
ability.

Pragmatic language ability
Pragmatic language ability refers to the ability to use language in a social
context. It is a complex skill including the ability to use language in a flex-
ible way, the ability to integrate information from different sources, and the
ability to plan a response while comprehending an utterance.
To engage in a successful conversation the speaker needs to be able to adapt
their language to the needs of the listener. For example using easier terms
when speaking to a small child. Therefore, the ability to use language in a
flexible way is an important ability for a successful conversation. This ability
requires the speaker to have a high language competence. The speaker needs
a large vocabulary and needs to know simple, as well as complex grammati-
cal structures. In accordance with this, strong associations have been found
between grammar, vocabulary and pragmatic language ability in typically de-
veloping children (for a review, see: (Matthews et al., 2018)).
Sentences are often incomplete and/or indirect in natural conversations. Ac-
cording to the Relevance Theory all relevant information is taken into con-
sideration by the listener. The listener subsequently chooses the first relevant
interpretation that meets their expectation (Sperber & Wilson, 2004). The
real meaning of an utterance is therefore constructed by drawing inferences
from the literal meaning, the contextual information, non-verbal gestures,
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1.2. Language and Analogical Reasoning

facial expressions and intonation. Drawing inferences is a sub-process of ana-
logical reasoning ability. Therefore, analogical reasoning is an important skill
for the interpretation of language (Loukusa et al., 2007). In accordance with
this, associations have been found between both non-verbal analogical reason-
ing and pragmatic language ability (Turkstra et al., 1996) and between verbal
analogical reasoning and pragmatic language ability (Loukusa et al., 2007) in
typically developing children.
During a conversation a person has to switch between being the listener and
the speaker. This is referred to as turn-taking. Turn-taking is a demanding
process. The own response needs to be planned while comprehending the ut-
terance of the speaker (Levinson, 2016). The short time gap between turns
found in natural conversation indicate that the listener is not waiting until
the end of the speaker’s utterance to plan their own response (Corps et al.,
2018; Levinson, 2016). Levinson (2016) argues that the listener predicts the
meaning of the utterance while it is still ongoing. How these predictions are
achieved is still unclear. However, it has been suggested that the listener uses
inferences (Levinson, 2016). Those inferences might be drawn by taking into
account all information available, such as the literal meaning, the context,
and the intonation. The importance of inference making for turn-taking is
in accordance with research showing associations between verbal analogical
reasoning and pragmatic language ability (Loukusa et al., 2007).

The influence of language ability on analogical reasoning
Analogical reasoning and language ability have a reciprocal relationship. This
means, analogical reasoning processes are important for language acquisition
and use, but language ability also influences analogical reasoning ability (Gen-
tner & Christie, 2010). While this is not surprising for verbal analogical rea-
soning, this is also the case for non-verbal analogical reasoning (Baldo et al.,
2010; Baldo et al., 2015; Cejas et al., 2018; Krzemien et al., 2017).
A reason why non-verbal analogical reasoning ability has been found to be
influenced by language ability might be that a higher language ability im-
proves relational integration ability. The knowledge of relational language
makes it possible to verbalize the relations that need to be integrate. This
might reduce the working memory demands and thereby improve the ability
to solve complex analogical reasoning tasks. This hypothesis is supported by
findings showing that the knowledge of relational language improves analog-
ical reasoning ability (Gentner, 2016). In addition, it is in accordance with
Baldo et al. (2005), who argue that complex cognitive tasks are supported by
language through inner speech. They suggest that covert verbalization might
help to manipulate concepts in mind.
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Introduction

1.3 Children with Cochlear Implants

A CI is a device which converts sound into an electrical signal which is then
transmitted to the auditory cortex. CIs are used for a hearing loss caused by
malfunctions in the inner ear, often referred to as sensorineural hearing loss
(Gelfand, 2009).
A CI is recommended for a severe (61 - 80 dB) to profound (> 81 dB) hear-
ing loss which cannot be restored using a traditional hearing aid (Gravel &
O’Gara, 2003). CIs are used in hearing rehabilitation both for congenital
(from birth) and acquired hearing loss. In childhood, the main cause of ac-
quired sensorineural hearing loss is infection (e.g. meningitis, cytomegalovirus
(CMV)). The main causes of congenital hearing loss are genetic factors, includ-
ing both syndromes and genetic mutations which only affect hearing (Korver
et al., 2017). The prevalence of permanent bilateral hearing loss is 1.33 per
1000 live births and increases to 2.83 per 1000 for children in primary school
according to data from the UK (Fortnum et al., 2001; Korver et al., 2017). In
most developed countries, newborn hearing screening is used and congenital
hearing loss is usually detected early on (Korver et al., 2017). Therefore, the
age at which children are typically fitted with a CI has been reduced and
many children get their implants before the age of one (Korver et al., 2017).
Modern CIs work like a vocoder, which processes the incoming sound and
splits it into spectral bands. The information from these bands is transmitted
to the brain via electrodes stimulating the neural fibres of the cochlea (Cucis
et al., 2018). However, some information from the incoming sound is lost.
The input provided by a CI is more sparse than in TH. Compared to TH,
frequency resolution is poorer (Loizou, 2006) and the dynamic range (Zeng,
2004) is reduced. Therefore, having a CI enables children with a severe to
profound hearing loss to regain access to spoken language and other sound
input, but the input quality is not comparable to TH.
Most children with CIs are born to hearing parents (Mitchell & Karchmer,
2004). As most hearing parents are not able to use sign language many fami-
lies rely on oral communication. This means, however, that children with CIs
are often susceptible to a phase of language deprivation early in life, before
they receive their implants. Hall et al. (2019) argue that language deprivation
early in life as well as the reduced perceptual quality of the language input
results in language delays in children with CIs. It has been found that chil-
dren who receive their CI before they are one year old have better language
outcomes than children who receive their implants later (Dettman et al., 2016;
Karltorp et al., 2020; May-Mederake, 2012). This might be due to a shorter
duration of language deprivation and the fact that children implanted before
the age of one receive spoken language input within the sensitive/critical pe-
riod of phonology (Ruben, 1997). Studies show that phonological skills are
associated with language ability (Dillon et al., 2004; Sundström et al., 2018;
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1.3. Children with Cochlear Implants

Willstedt-Svensson et al., 2004) and orthographic learning (Wass et al., 2019)
of children with CIs.

Language Ability
Children with CIs are at risk for language delays that are often still preva-
lent when the children reach school-age (Geers et al., 2009)). These delays
are most likely explained by language deprivation early in life and a reduced
perceptual quality of the language input. In addition, the variation in terms
of language ability is larger in children with CI compared to peers with TH
(Chilosi et al., 2013; Hess et al., 2014). This might be explained by a greater
importance of cognitive abilities for the language ability of children with CIs
compared to children with TH.
If the quality of the sound input is reduced, top down processes are needed
for language comprehension (Hannemann et al., 2007; Rönnberg et al., 2013).
If the incoming signal does not match the information saved in the seman-
tic long-term memory, cognitive processes are needed to solve this mismatch.
Rönnberg et al. (2013) argue that WM dependent processes are used to infer
the missing information from the sound signal. Having a CI leads to per-
sistent sub-optimal listening conditions and cognitive factors might therefore
be of greater importance when acquiring and using language with such a de-
vice. Accordingly, research by Kronenberger et al. (2014) and Kronenberger
and Pisoni (2019) shows that WM is more strongly associated with the lan-
guage ability of children with CIs compared to children with TH. In addition,
Meinzen-Derr et al. (2011) found that children with CIs who have develop-
mental delays perform more poorly on spoken language measures compared
to children with TH matched for age and cognitive abilities. This might be
explained by a greater cognitive demand for acquiring spoken language with
a CI. This is also in accordance with results by Werfel and Hendricks (2016).
The authors showed that cognitive fatigue ratings of children with CIs are
associated with their language and speech perception ability. This might be
due to the fact that many of the available cognitive resources have to be used
for language processing, especially for those children with CIs with weaker
language abilities.
Individual variation in cognitive ability might have a larger effect on the lan-
guage ability of children with CIs than on the language ability of children with
TH. However, there are factors, such as the age at implantation, the duration
of language deprivation, type of implant, or communication mode at home
and in school, which further influence the language ability of children with
CIs. These additional factors might as well explain why a larger variation in
language ability has been found in children with CIs compared to children
with TH.
Two abilities that are essential to actively participate in communication are
expressive and pragmatic language skills. In order to communicate with other
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Introduction

people, it is not only important to understand what someone is saying, but
also to be able to express own thoughts, beliefs and desires. In addition, it
is important to be able use language in a social context, which for example
means to take contextual information into consideration. Both expressive and
pragmatic language ability are fundamental abilities for participation. The
focus of this thesis in terms of language ability are therefore the expressive
and pragmatic language ability of children with CIs.

Expressive Language

Expressive Language can be divided into expressive vocabulary, the ability to
use a variety of words, and expressive grammar, the ability to use complex
grammatical structures. Both expressive vocabulary (Lund, 2016) and expres-
sive grammar (Boons et al., 2013) have been found to be delayed in children
with CIs. In addition, studies show a larger variation in terms of expressive
language ability in children with CIs compared to children with TH (Chilosi
et al., 2013; Hess et al., 2014). However, in most studies the children with
CIs and children with TH have not been matched on cognitive abilities. It is
therefore possible that the differences in expressive language skills have been
either over- or underestimated.
Children with CIs often start language acquisition later than children with
TH. Lund (2016) argues that as vocabulary grows throughout life, it is hard
to catch up on a delay. For grammar on the other hand, it should be eas-
ier to catch up, as children with typical development will have acquired all
grammatical rules of the language at one point. However, research by Boons
et al. (2013) indicates no systematic weaker or stronger expressive language
domain in children with CIs. They found children with CIs to perform more
poorly not only on expressive vocabulary but also on expressive grammar
measures. In addition, Boons et al. (2013) found that children with CIs make
severer grammatical errors compared to children with TH, even if they per-
form within two standard deviations of their age norm. Therefore, even if
the children with CIs make an age appropriate number of errors, those errors
might lead to more disruptions in communication. However, in the study by
Boons et al. (2013) the comparison groups have not been matched on cogni-
tive abilities.
The expressive language ability of children with CIs has been found to be
associated with cognitive abilities, such as non-verbal intelligence (Cupples
et al., 2018). This is both in accordance with results found for children with
TH (van der Schuit et al., 2011) and the usage-based model of language ac-
quisition (Behrens, 2009; Tomasello, 2009). Non-verbal intelligence measures
are in large parts relying on analogical reasoning tasks (e.g. the Raven’s ma-
trices). Therefore, a connection between non-verbal intelligence and language
ability in children with CIs might be explained by the influence of analogical
reasoning ability on language acquisition. If analogical reasoning is of impor-
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tance for language acquisition, those children with better analogical reasoning
skills would be expected to have higher expressive language abilities. However,
the influence of cognitive skills, such as analogical reasoning ability, is often
not taken into consideration when comparing the expressive language skills of
children with CIs and children with TH. While children with an non-verbal IQ
below a certain number (e.g. 80) are often excluded (see for example: Boons
et al. (2013), Chilosi et al. (2013), Geers et al. (2009)), comparison groups are
seldom matched on cognitive abilities. Therefore differences in expressive lan-
guage, both in terms of average performance and variation, between children
with CIs and children with TH could in parts be explained by differences in
cognitive abilities.

Pragmatic Language ability

Pragmatic language ability is the ability to use language in a social context. It
is essential in order to engage in conversations, and has been suggested to de-
pend both on language and cognitive abilities in children with TH (Matthews
et al., 2018). Children with CIs have been found to perform more poorly
than children with TH on several pragmatic language measures (Most et al.,
2010; Toe & Paatsch, 2013). Verbal analogical reasoning has been found to
be associated to the pragmatic language ability of children with TH (Loukusa
et al., 2007). As children with CIs have been found to perform more poorly
on verbal analogical reasoning tasks compared to children with TH (Edwards
et al., 2011), this might explain some of the differences in terms of pragmatic
language ability seen between the groups.
The reasons children with CIs perform more poorly on pragmatic language
measures have only been discussed in a few studies (Jeanes et al., 2000; Most
et al., 2010). Most et al. (2010) assume that several factors might be respon-
sible for a pragmatic language delay in children with CIs. Delays in expressive
language might lead to children being less able to use language in a flexible
way (for example adapting to the needs of the listener). Reduced audibil-
ity of linguistic cues (intonation) might lead to missing the end of a turn or
being unable to detect the emotion the conversational partner was intending
to transfer with the utterance. Theory of mind (ToM), the ability to know
about your own and others’ mental states, is an important skill for social
communication. A delay in ToM might lead to additional problems. Previous
studies have shown that some children with CIs are delayed in terms of their
ToM (Ketelaar et al., 2012; Liu et al., 2018), especially those that receive
their CI late (Sundqvist et al., 2014). Further, both Most et al. (2010) and
Jeanes et al. (2000) argue that less possibility to practice pragmatic language
skills might lead to a delayed development in children with CIs. However, no
study has looked into the cognitive factors influencing the pragmatic language
ability of children with CIs.
A study by Loukusa et al. (2007) with children with TH shows an associ-
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ation between verbal analogical reasoning and pragmatic language ability .
Loukusa et al. (2007) argue that verbal analogical reasoning is an important
skill to use language in a flexible way. In addition, the ability to make verbal
inferences (a sub-process of verbal analogical reasoning) is likely connected to
turn-taking ability (Levinson, 2016).
Ibertsson et al. (2009) and Paatsch and Toe (2014) found that children with
CIs tend to have longer turns in a conversation. Ibertsson et al. (2009) in
addition found that children with CIs use more requests for additional infor-
mation. Both these behaviours can be interpreted as a tendency to control a
conversation. Paatsch and Toe (2014) argue that children with CIs are trying
to avoid conversation breakdowns. However, the behaviour could also be due
to problems with turn-taking. Most et al. (2010) found that children with
CIs or hearing aids (HAs) show problems in the ability to maintain the topic
of a conversation and do often not add new and relevant information during
their turn. In addition, Most et al. (2010) found that children with CIs or
HAs often make a pause before responding to an utterance. It might be the
case that these findings are due to the demanding nature of the turn-taking
process, in which both comprehension and production preparation are needed
at the same time (Levinson, 2016). To be able to prepare a response while
still listening to an utterance the child needs to predict the meaning of the
utterance before it ends. It might be that children with CIs are more likely to
miss acoustical cues which are important for these predictions (e.g: hearing if
an utterance is a question). In addition, their ability to make verbal inferences
might be associated with the ability to predict the meaning of an utterance
and therefore with their turn taking ability. It has until now not been studies
if the pragmatic language ability of children with CIs is associated to their
verbal analogical reasoning skills.

Cognitive Ability
While much of the research on children with CIs focuses on language develop-
ment. It has also been argued that having a CI influences cognitive abilities.
However, while Conway et al. (2009), Kral et al. (2016) and Kronenberger
(2019) argue that auditory deprivation influences cognitive development, Hall
et al. (2019) argue that language deprivation influences the cognitive abilities
of children with CIs. Reduced access to language is likely to lead to language
delays, especially if language is learned from the input and by its usage, as
is argued in the usage-based model of language acquisition (Behrens, 2009).
Performance on verbal cognitive tasks is potentially influenced by language
delays, as is performance on non-verbal cognitive tasks which encourage ver-
bal strategies.
In many studies on children with CIs verbal cognitive measures are used.
These measures tap into language skills and children with CIs are often de-
layed in terms of their language ability. Therefore, they may be expected
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to perform more poorly compared to peers with TH, a finding observed in
a number of studies (Akçakaya et al., 2019; Edwards et al., 2011; Nittrouer
et al., 2017; Pixner et al., 2014).
Language ability of importance for non-verbal cognitive measures that benefit
from verbal strategies. In accordance with this, Davidson et al. (2019) found
that children with CIs perform more poorly than children with TH on a non-
verbal reasoning task if verbal labels can be used for the stimuli. In addition,
studies on implicit sequence learning show a poorer performance of children
with CIs for tasks which encourage verbal strategies (Conway et al., 2011),
but not for tasks which do not encourage such strategies (von Koss Torkildsen
et al., 2018).
Few studies have focused on analogical reasoning ability of children with CIs
(Akçakaya et al., 2018; Cejas et al., 2018; Davidson et al., 2019; Edwards
et al., 2011). Analogical reasoning is an important cognitive skill, which has
been found to be connected to language acquisition (Childers et al., 2016a;
Childers & Tomasello, 2001; Gentner & Namy, 2006; Marcus, 1999), prag-
matic language ability (Loukusa et al., 2007), and to learning and creativity
(Gust et al., 2008). However, analogical reasoning is also a skill that has been
argued to be influenced by language ability (Gentner & Christie, 2010). The
aim of this thesis is to provide more data to help untangle the relationship
between language and analogical reasoning ability and to evaluate whether
differences between children with CIs and children with TH are due to differ-
ences in language ability.

Verbal Analogical reasoning

Children with CIs have been found to perform more poorly on verbal ana-
logical reasoning tasks compared to peers with TH (Edwards et al., 2011).
Studies by Edwards et al. (2011) and Aslan and Yücel (2019) indicate that
this is mostly likely due to differences in language ability. Both grammar and
vocabulary skills seem to be associated to the verbal analogical reasoning abil-
ity of children with CIs (Aslan & Yücel, 2019; Edwards et al., 2011). Results
by Akçakaya et al. (2018) indicate that phonological WM (non-word repe-
tition) influences the verbal analogical reasoning skills of children with CIs.
However, this relationship seems to be mediated by receptive and expressive
language ability. Those children with CIs that had better non-word repetition
skills were found to have higher language ability which in turn positively in-
fluenced verbal reasoning. However, no study has investigated if children with
CIs perform comparably in terms of verbal analogical reasoning to children
with TH matched for language ability. It is therefore unclear if children with
CIs have verbal analogical reasoning skills that would be predicted by their
language proficiency.
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Non-verbal analogical reasoning

The results in terms of the non-verbal analogical reasoning ability of children
with CIs are mixed. Davidson et al. (2019) found that children with CIs
perform more poorly on non-verbal analogical reasoning task in which verbal
labels can be used for the stimuli. However, if no verbal labels could be
used the performance of the children with CIs and the children with TH did
not significantly differ on a non-verbal analogical reasoning task (abstract
matrix reasoning). In contrast, Cejas et al. (2018) found, that children with
CIs perform more poorly on a abstract matrix reasoning task (non-verbal
analogical reasoning) compared to peers with TH. Although Cejas et al. (2018)
used a task for which verbal strategies like verbal labelling are unlikely to be
used, they found language ability to be the most important predictor for the
non-verbal analogical reasoning ability of children with CIs and children with
TH. This is in accordance with research on patients with aphasia (Baldo et
al., 2010; Baldo et al., 2015) and research by Gentner (2016), indicating that
complex non-verbal analogical reasoning is supported by language.

1.4 Summary

Children with CIs tend to have delays in terms of their language abilities
compared to peers with TH. Both language deprivation and reduced input
quality might be responsible for this. The poorer input quality might lead to
an increased importance of cognitive skills for language understanding, pro-
duction and acquisition. However, it has not yet been investigated if training
analogical reasoning, a cognitive ability which is important for language ac-
quisition, leads to language improvements in children with CIs.
It has been argued that either language or auditory deprivation lead to delays
in cognitive abilities in children with CIs. It might therefore be the case that
analogical reasoning is delayed for children with CIs which might lead to dis-
advantages in terms of language acquisition. However, some studies indicate
that language ability is of importance for analogical reasoning and differences
found between children with CIs and children with TH might therefore be
explained by differences in language ability.
Even though many studies have concentrated on the language abilities of chil-
dren with CIs only few studies have focused on pragmatic language ability.
Pragmatic language ability has been argued to be influenced both by gram-
mar and vocabulary skills and verbal analogical reasoning ability in typical
development. As these skills have been found to often be delayed in children
with CIs they might have specific problems in the pragmatic language domain
which might negatively influence social communication.
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1.5 General Aims and Study Rationale

The aim of the current thesis was to investigate the language and analogical
reasoning ability of children with CIs in comparison to children with TH. In
addition, the aim was to analyse the association between those two skills. The
hypotheses of the thesis are presented in Figure 2.
The aim of Study I was to compare the expressive language of children with
CIs and children with TH. The aim was further to evaluate if the variance in
terms of expressive language ability is larger in children with CIs compared to
children with TH even when the groups are matched on analogical reasoning
and WM ability. The aim of study II and III was to evaluate if an analogical
reasoning training leads to transfer effects on language ability for children with
TH and children with CIs. The aim of study IV was to analyse the relationship
between language and analogical reasoning ability. The aim was to investigate
if differences in terms of analogical reasoning ability between children with CIs
and children with TH are explainable by differences in language ability. The
aim of study V was to compare the pragmatic language ability of children
with CIs and children with TH and to analyse associations between verbal
cognitive measures and pragmatic language ability in both groups.

Figure 2: A graphical representation of the expected result pattern. For the
abilities marked in red, differences in performance were expected between
children with CIs and children with TH. Both grammar and vocabulary refer
to spoken language.
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2.1 General Method

Recruitment of Participants

The children with CIs were recruited at two different time points, and the
children with TH were recruited at three different time points. The first
recruitment of children with CIs led to a sample of seven children with CIs.
They were all from the same special school. These children participated in
studies I, III, IV and V. The second recruitment of children with CIs led to an
increase in sample size of an additional ten children with CIs. The children
were recruited via a hearing clinic in Stockholm. These children were part of
studies I, IV and V. Two of the children are not part of paper V, as it had to
be sent in before the testing was finished. A graphical representation of the
recruitment process of the children with CIs is shown in Figure 3.
The children with TH were recruited via schools in Linköping and Norrköping.
Informations were send to all schools with a pre-school class (children aged
around 6 years). If the schools agreed on participating, the teachers were
asked to pass an information letter on to the parents. The first recruitment of
children with TH led to a sample of 30 children. Sixteen children were assigned
to the training group and 14 children were assigned to the control group of
study II. The pre-test results of all 30 children were used in studies I, IV
and V. In the second round, ten additional children with TH, were recruited.
These children are part of study II and study IV. In a third recruitment
round, eight additional children with TH were recruited. These children did
not participate in the cognitive training. Their results are part of studies I, IV
and V. A graphical representation of the recruitment process of the children
with TH is shown in Figure 4.
For all participating children (CIs & TH) a consent form was signed by the
parents and both children and caregivers were told that they could drop out
of the study at any point without giving a reason. The study was approved
by the Linköping Research Ethics Committee (dnr 2015/308-31).

Participants
Nineteen children with CIs participated in the studies included in the current
thesis. One of the children had Usher syndrome, which leads to a progressive
visual impairment. However, due to the age of the children the degree of
the visual impairment was expected to be low. In accordance with this, no
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Figure 3: A graphical representation of the recruitment process of the children
with CIs.

problems with vision during testing were reported by the test leader. To
our knowledge, none of the other children had any additional disability. All
children with TH were in mainstream school. In study I the children with CIs
were matched to children with TH in terms of non-verbal analogical reasoning
ability and WM. Three children with CIs could not be matched to any children
with TH and were therefore excluded from the study. For study III, the data
of seven children with CIs was analysed. For study IV, one child had to
be excluded due to missing data and one child was excluded as an outlier.
Two children with CIs were not included in study V, as their testing was
not finished by the submission deadline. In addition, three children had to
be excluded due to missing data which led to a sample size of 14 children
with CIs for study V. In Table 1 the mean, standard deviation and range for
the age of the children is displayed for both the children with TH and CI
participating in the five studies of this thesis. For the children with CIs, the
age at hearing loss detection, age at implantation and schooling (mainstream
vs. special school) is reported in Table 2. In order to protect the anonymity
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Figure 4: A graphical representation of the recruitment process of the children
with TH.
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of the participants, their diagnosis (reason for deafness) is not presented in
the table.

Table 1: In this table the mean standard deviation and range of the age of the children is
presented for the five studies included in this thesis. For each paper the information is presented
at the group level.

Mean (years) SD (months) Range (years)

I
Children with CIs (N = 14) 6;8 11 5;6 - 8;2
Children with TH (N = 14) 6;5 4.5 5;7 - 7;1
II
Children with TH (control; N = 14) 6;6 3 6;1 - 7;0
Children with TH (unsupervised; N = 16) 6;5 3 6;2 - 7;1
Children with TH (supervised; N = 10) 6;5 4 6 - 6;8
III
Children with CIs (N = 7) 7;6 7.6 6;6 - 8;2
IV
Children with CIs (N = 15) 6;7 11 5;6 - 8;2
Children with TH (A+L; N = 23) 6;5 4 6;1 - 7;1
Children with TH (A; N = 23) 6;5 4 5;8 - 7;3
V
children with CIs (N = 14) 6;7 11 5;6 - 8;2
Children with TH (N = 34) 6;5 4 5;8 - 7;3

A+L = matched on age and language comprehension skills; A = matched on age
unsupervised = training alone; supervised = training with a parent
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Table 2: Individual data - children with CIs: The data were collected using a
questionnaire which was filled in by the caregivers.

Age Detection
Deafness

Age at
First CI

Unilateral
Bilateral Language School Study

8;9 newborn 2;0 bilateral
(2;6)

oral
(10% sign) Special I, III, IV, V

8;7 1;0 2;0 bilateral oral
(10% sign) Special III, V

8;11 3;8 5;0 unilateral only oral Special I, III, IV, V
8;4 2;6 3;0 bilateral only oral Special I, III, IV, V

7;9 newborn 1;0 bilateral
(1;6)

oral
(sign support) Special I, III, IV, V

7;4 0;1 5;6 unilateral oral
(10% sign) Special I, III, IV, V

6;6 0;2 0;8 bilateral
(1;8)

bilingual
(oral + sign) Special I, IV, V

6;3 newborn 3;0 unilateral bilingual
(oral + sign) Special IV, V

5;8 0;3 0;7 bilateral
(1;0) only oral Mainstream I, IV, V

5;9 0;1 0;8 bilateral
(1;6) only oral Mainstream I, IV, V

7;0 0;6 1;0 bilateral
(1;8)

oral
(sign as support;
not signing self)

Mainstream I, IV, V

5;8 0;3 0;7 bilateral
(1;3)

oral
(sign as support) Mainstream I, IV, V

5;7 2;0 2;4 bilateral
(3;2)

oral
(sign as support) Mainstream I, IV, V

7;0 0;6 0;9 bilateral
(0;11)

oral
(sign as support) Mainstream I, IV, V

7;7 2;0 3;0 bilateral oral Special I, III, IV

5;6 newborn 0;5 bilateral
(0;9) oral Mainstream IV

5;4 newborn 0;5 bilateral
(1;0) oral Mainstream IV

All numbers are age in years

Cognitive Tests
For the current thesis non-verbal analogical reasoning skills, verbal rea-
soning skills, verbal fluency, verbal WM skills and non-verbal WM
have been measured. The tests included in the studies are listed in Table 3.
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Table 3: In this table the cognitive and language tests used in the current
thesis are listed. It is also indicated in which studies the results from the tests
have been used

Cognition

Matrix test(WNV) Non-verbal
analogical reasoning

I, II,
III, IV

Animalogica Non-verbal
analogical reasoning II, III, IV

Spoken Analogies (ITPA) Verbal
analogical reasoning

II, III,
IV, V

Sentence Completion and Recall (SIPS) Verbal WM I, V
Visual Matrix Patterns (SIPS) Non-verbal WM I

Language

TROG-2 Receptive spoken grammar II, IV, V
Stories Story comprehension III
Animal task Semantic Verbal fluency II, III, V
FAS task Phonological verbal fluency II, III
Expressive Vocabulary (CELF-IV) Expressive vocabulary I, V
Formulate Sentences (CELF-IV) Expressive grammar I
Pragmatics Profile (CELF-IV) Pragamtic language V

Non-verbal reasoning

Non-verbal analogical reasoning ability was measured with a standard mea-
sure, the Matrix test from the Wechsler Nonverbal Scale (WNV) test battery
(Wechsler & Naglieri, 2007). In study I, the Matrix task is referred to as a
non-verbal intelligence measure. The child saw a matrix of abstract patterns
with one pattern missing and was asked to fill in the missing pattern. The
answer format was multiple choice and the child was asked to point at the
correct answer. For each correct answer, the child received one point. The
test was terminated if the child gave the wrong answer to four out of five con-
secutive trials. The first trials could be solved via pattern matching, whereas
from the 9th trial relational integration was needed. The total number of
trials for the Matrix test was 35 and therefore the maximum possible score
was 35. The task took around 10-15 minutes.
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Non-verbal reasoning; high relational integration demand

Animalogica was used to measure non-verbal analogical reasoning ability with
higher relational integration demand. Animalogica was developed by Steven-
son et al. (2013). The original version is in Dutch and the test was translated
to Swedish for this thesis. For the translation processes, Claire Stevenson
provided the author of this thesis with the test material in English. The En-
glish material was then translated to Swedish by a Swedish native speaker.
The translated sentences were recorded, spoken by a female Swedish native
speaker and sent to Claire Stevenson, who used them to make a Swedish ver-
sion of the Animalogica test.
Animalogica was conducted on a laptop. On the screen the child saw a 2x2
grid and was asked to fill the empty grid with animals in order to ”solve the
puzzle”. The animals presented in the three non-empty grids varied in size,
kind, position in the cell, colour and viewing direction. An example trial from
Animalogica is shown in Figure 5. The total number of trials was 24 and
therefore the maximum possible score was 24. The task took around 25-30
minutes. For a more detailed description of the task see Paper IV.

Verbal Reasoning

Verbal reasoning ability was assessed using verbal analogies subtest from the
Illinois test of psycholinguistic abilities (ITPA) battery (Hammill et al., 2013).
In this test, the child was asked to fill in a missing word in order to solve a
verbal analogy of the form: A dad is big, a baby is (?). For every correctly
solved analogy the child received one point. The task was terminated if the
child answered three consecutive trials wrongly. The total number of trials
was 25 and therefore the maximum possible score was 25. The task took
around 5-10 minutes.

Verbal Fluency

Both a semantic and phonological verbal fluency task were used (Benton et
al., 1978). For the semantic verbal fluency task, the category ’animal’ was
chosen and the child was asked to name as many animals as possible within
one minute. For the phonological fluency task, the child was asked to produce
as many words as they know starting with F, A and S. For each letter, the
time limit was one minute.

Verbal WM

Verbal WM was assessed with help of the sentence completion and recall
task from the Sound Information Processing System (SIPS) battery (Wass
et al., 2008). The child was asked to listen to sentences with the last word
missing. The child was then asked to fill in the missing word. After listening
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Figure 5: An example picture from Animalogica.

to a number of sentences, the child was asked to recall the last word of each
sentence. The test consisted of two blocks, in each block the number of
sentences increased from two to four. The child received one point for every
correctly recalled word. The total number of trials was 18 and therefore the
maximum possible score was 18. The task took around 10-15 minutes.

Non-verbal WM

Non-verbal WM was assessed using the Visual Matrix Patterns test from the
SIPS battery (Wass et al., 2008). The child saw a 5x5 matrix of 25 grey blocks
on the computer screen. A pattern of blocks turned black. The child was asked
to recall the pattern by clicking on the blocks. The difficulty level ranged from
one to eight blocks. Each level consisted of three different patterns. The task
was terminated if the child was not able to recall two of the three patterns for
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the last two levels. The child got a point for every level in which they recalled
at least two of the three patterns correctly. The total number of trials was 24
and the maximum score was 8. The task took around 5-10 minutes.

Language Tests
For the current thesis, language comprehension ability, story com-
prehension ability, expressive vocabulary, expressive grammar and
pragmatic language ability were accessed. The language tests used in the
current thesis are listed in Table 3.

Language Comprehension

Language comprehension ability (referred to as receptive grammar in study
IV) was assessed with the Test for Reception of Grammar 2 (TROG-2) test
(D. Bishop, 2009). The child listened to recorded sentences, spoken by a
female native speaker, and had to choose which of four pictures corresponded
to the sentence. The child was asked to point at the correct picture. The test
consisted of 20 blocks, which each consisted of four sentences. The test was
terminated if the child gave the wrong answer to one or more sentences in four
consecutive blocks. The maximum score was 20 and the task took around 20
minutes.

Story Comprehension

A Swedish translation (Eldblom & Sandberg, 2011; Holck et al., 2009) of a
story comprehension task developed by D. V. Bishop and Adams (1992) was
used to evaluate the story comprehension ability of the children. Two stories
were available in Swedish (Eldblom & Sandberg, 2011). One consisted of six
sentences, the other of seven sentences. The child listened to the story and was
subsequently asked 14 question, seven inferential and seven literal questions.

Expressive Vocabulary

The Expressive Vocabulary task from the Clinical Evaluation of Language
Fundamentals 4 screening test (CELF-IV) battery (Semel et al., 2004) was
used. The child had to name pictures or parts of pictures. For each correct
answer, the child received one point. The test was terminated if the child gave
the wrong answer to four consecutive trials. The total number of trials was
18 and therefore, the maximum possible score was 18. The task took around
5-10 minutes.

Expressive grammar

Expressive grammar ability was measured with the Formulated Sentences task
from the CELF-IV battery (Semel et al., 2004). The child saw a picture and
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was asked to describe it using a target word. The child received between zero
and two points for their answers, depending on whether they used the target
word, described the picture, used a full sentence, or made any grammatical
mistake. The test was terminated if the child got 0 points for four consecutive
sentences. The total number of trials was 22 and the maximum possible score
was 44. The test took around 15 minutes.

Pragmatic Language Ability

The Pragmatics Profile from the CELF-IV battery (Semel et al., 2004) was
used. Parents filled in the questionnaire for their child. They were asked to
judge statements about the pragmatic skills of their child using the categories:
Never, Sometimes, Often, Always. When scoring, never was counted as zero
points, sometimes as one, often as two and always as three. For the sum
score, the rating of all statements in the questionnaire was summed up. The
maximum score was 150. For the sub-measures: Rituals and Conversational
Skills — RCS (e.g., makes/responds to greetings to/from others), Asking for,
Giving and Responding to Information — AGRI (e.g., asks for help from
others appropriately), and Non-Verbal Communication — NCS (e.g., knows
how someone is feeling based on non-verbal cues) the items were summed up
as described in Pearson Education (2008a) and Pearson Education (2008b).
The maximum score for RCS was 66, for AGRI it was 51, and for NCS it was
39.

Cognitive Training
The computerized reasoning training by Lenhard et al. (2011) was trans-
lated from German to Swedish for the current thesis. The developers of
the ”Denkspiele mit Elfe und Mathis” [Thinkgames with Elfe and Mathis]
(Lenhard et al., 2011) provided the author of the current thesis with an ed-
itable version of the training. It included all the descriptions and dialogues
used in the game. This material was translated to Swedish by a teaching stu-
dent proficient in both German and Swedish. The material was subsequently
reviewed by two Swedish native speakers and the language was adapted to be
suitable for children aged 6 (using easier terms and clear grammatical struc-
tures). The material was recorded, spoken by two female and one male native
Swedish speaker.
The program by Lenhard et al. (2011) is based on the ”Denkspiele” by Klauer
(1989a), a reasoning training which has shown transfer effects both to reason-
ing measures (Klauer & Phye, 2008) and to language measures (Marx, 2006).
The differences between the original version and the version used in the cur-
rent thesis are described in detail in paper IV. The computerized version was
modernized in terms of items used (images of objects no longer part of the
children’s’ life, e.g. a typewriter, were replaced) and answers with several
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possible answers were replaced with task with only one possible answer. In
addition, an overarching story was added to achieve a game-like character in
the training.
The children conducted the training on laptops, which were borrowed from the
university. The whole training program consisted of 120 reasoning tasks. A
task had to be solved correctly to move to the next task. All children in study
II and III finished the training program. This means, they correctly solved
all of the 120 tasks. For study II, the number of tries they needed to solve a
task was used as one outcome measure. Of the 120 reasoning tasks, 20 were
generalization tasks, 20 were discrimination tasks, 20 were cross-classification
tasks, 20 were tasks in which relationships had to be recognized, 20 were task
in which relationships had to be differentiated, and 20 were system construc-
tion tasks. For each category of task, there were introductory tasks with
blocks, and more advanced tasks with pictures and symbols. The children
played for six weeks, on five days a week and were asked to solve 6 tasks
during each training session. In the unsupervised training group, the chil-
dren received feedback and tips from the game characters. In the supervised
training group, the children also received feedback and tips from the game
characters and were in addition supposed to discuss their answers with their
parents. The parents received a training protocol which they were asked to
work through for every task in the game. The teachers in study III received
the same protocol. The training protocol was translated from the manual
of the German version of the training program by Lenhard et al. (2011) by
the author of this thesis. The translation was checked by a native Swedish
speaker. For a detailed description of the protocol, see study III. Both the
teachers and parents received a manual on how to use the training program.
In addition, the test leader was present for the first test session of the unsu-
pervised training group and the group trained in study III. In addition, the
test leader introduced each parent from the supervised training group to the
training program.

Procedure - Behavioural tests
The children were all tested individually in a quiet room, either at home or
at school. For the children with CIs and the children with TH, the test leader
made sure that the auditory stimuli were heard by the child by asking if the
sound level needed to be enhanced. All children except the children in the
supervised training group from paper IV were tested by a speech and language
pathologist or a speech and language pathologist student in the last university
term. The test sessions were recorded and the children were allowed to take
breaks whenever they asked for it.
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Figure 6: Two example tasks from the cognitive training program by Lenhard
et al. (2011) used in the current thesis.

Statistical analyses
The statistical analysis in all four studies was conducted using the statistical
software R and R Studio (R Core Team, 2016). The packages used in the
studies are listed in the respective paper. In each paper a detailed description
of the statistical analysis can be found under ”Statistical Analysis”.

2.2 Methodological Challenges

Research on children with CIs
It is a challenge to recruit children for research, especially in a country with a
small population. It is even more of a challenge to recruit children with CIs,
who are a small population. In addition, heterogeneity is a problem when
studying children with CIs, and finding a uniform group is nearly impossible.
The children with CIs tested in the current thesis are no exception. They dif-
fered in terms of age at implantation, age at detection of deafness, reasons for
deafness, schooling, and whether they used sign support, only oral language,
or both sign- and oral language (see Table 2). All these factors possibly in-
fluence language development (Boons et al., 2013; Geers & Nicholas, 2013;
Thagard et al., 2011). In addition, no information concerning the hearing
threshold before implantation or the socio economic background of the chil-
dren were collected. These are also factors which have been found to influence
language development (Geers & Nicholas, 2013; Geers & Sedey, 2011).
The sample size for the children with CIs was small and the group was hetero-
geneous. A small sample size leads to a reduction of power, which increases
the likelihood of a type II error and an inflation of the effect size (Colquhoun,
2014). For this reason, the individual data, as well as the data on group level,
is presented graphically in all studies in addition to the statistical tests to
make it easier for the reader to judge the reliability of the statistical result.
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However, due to the small sample, the results from this thesis should be in-
terpreted with caution, and replications are needed to confirm the patterns
seen in the studies.

Measurements
The impurity of measurements is an issue both for testing cognition and for
testing language ability. Performance can rely on a variety of abilities. Im-
portantly, the performance on cognitive tests can be influenced by language
ability as the performance on language tests can be influenced by cognitive
ability. This needs to be taken into consideration when comparing groups of
children. To address this issue, the children in Study I were matched on non-
verbal analogical reasoning and WM before being compared in terms of their
expressive language. In Study IV, two of the three groups were matched in
terms of language, while the third one was not. This allowed for the evaluation
of whether differences in verbal and non-verbal analogical reasoning are only
observed in groups differing in language ability. However, language ability
was only measured with a receptive grammar task and the influence of other
language abilities, like expressive vocabulary was therefore not controlled for.
This might have influenced the results. In Studies II and V participants were
not matched on any language or cognitive variable. In Study V in particular
it is possible that the differences in the observed association patterns are due
to differences in language ability (grammar & vocabulary).
Apart from the impurity problem, a critique in relation to the measures could
be the usage of a questionnaire to assess pragmatic language ability. Although
such a measure makes it possible to get a broad estimate of the children’s prag-
matic language skills, it lacks objectivity. Optimally, both a subjective and
objective measure (e.g. a referential communication task) should have been
included. However, as children cannot be tested for too long a time, this was
not possible in the current thesis. For further studies both a subjective and
an objective pragmatic language measure should be considered.

Cognitive Training
In Studies II and III of this thesis, a cognitive training program (Lenhard et
al., 2011) was used. The program was played by the children on a computer,
either at school or at home with their caregivers. In both cases, the test
leader was not present during the training sessions, and the test sessions were
not recorded. Therefore, there was no control mechanism to ensure that the
training was conducted in the correct way. For example, it was impossible to
know if the parents provided too much help during the training. Originally,
it was planned to analyse log-data to compare how much time the children
spent with the program for each session. Although all children solved all 120
tasks it was not possible to analyse how much time the children invested in
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solving the tasks. This was due to technical issues which led to missing log
data.
A second methodological consideration for Studies II and III is that one might
argue that there was no far transfer to language as six weeks was not sufficient
time for the transfer effects to occur. It is of course true that six weeks is
a short time, and improvements in language caused by improved cognition
might not be observable immediately. However, as the training did not lead
to any improvements in analogical reasoning, far transfer to language caused
by improved cognition is very unlikely even after a longer time period.
An additional limitation of Study II was that the children in the supervised
training group were, unlike the other children, not tested by a speech and
language pathologist, but by the author of this thesis. It could be argued that
as the other test leaders had more experience with testing children, this might
have led to an underestimation of the performance of the supervised training
groups. However, as standard instructions and a standard procedure was used
for all tests, different test-leaders are unlikely to have a large influence on the
test results.

2.3 Summary of the papers

Paper I
Aim: This study aimed to evaluate if differences between children with CIs
and children with TH in terms of expressive spoken language ability are due
to differences in non-verbal analogical reasoning ability or WM.
Method: Children with CIs were compared to peers with TH on both ex-
pressive spoken vocabulary and expressive spoken grammar. The groups were
matched on non-verbal analogical reasoning, verbal and non-verbal WM. The
groups were also matched on mean age. However, due to the differences in
age variance scaled scores have been used for the expressive spoken language
measures.
Results: The children with CIs were found to perform significantly more
poorly than the children with TH on the expressive spoken vocabulary task. In
addition, variability between the children was significantly larger for children
with CIs than children with TH. For the expressive grammar task, children
with CIs neither performed significantly more poorly than children with TH,
nor did they show a significantly larger variability. However, the interquartile
range was larger for the children with CIs, indicating a greater spread of the
middle 50% of the data.
Conclusion: The results indicate that individual differences in terms of ex-
pressive spoken language are larger in children with CIs and children with
TH, even when the groups are matched on non-verbal analogical reasoning
and WM. This larger spread might be due to a greater importance of individ-
ual differences in cognitive ability for the expressive spoken language ability
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of children with CIs, or to additional individual variation, like the time of
language deprivation, only present in the group of children with CIs.

Paper II
Aim: The aim of this study was to evaluate if a computerized analogical
reasoning training leads to improvements in analogical reasoning ability if the
training is used by the child alone or under the supervision of a parent. A
second aim was to evaluate if the analogical reasoning training has far transfer
effects on language ability.
Method: Only children with TH participated in the study. The supervised
and unsupervised training group were compared to a passive control group.
A mixed ANOVA was used to investigate whether the training increased the
improvement between pre- and post-test. Three analogical reasoning mea-
sures were used: non-verbal analogical reasoning, non-verbal analogical rea-
soning (high relational integration demand) and verbal analogical reasoning.
In addition, semantic fluency, phonologic fluency, and language comprehen-
sion ability were measured at both pre- and post-test. To investigate dif-
ferences between the unsupervised and the supervised training group, group
differences in the number of tries needed to solve the tasks within the training
were evaluated.
Result: It was found that children training together with their parents (su-
pervised) needed fewer attempts to solve the tasks in the training than children
training alone (unsupervised). However, neither they nor the children train-
ing alone improved significantly more than the passive control group on the
analogical reasoning measures. In addition, no far transfer effect to language
skills was observed. However, a small positive association between the im-
provement in non-verbal analogical reasoning and verbal fluency was found.
Conclusion: The results from this study indicate that the computerized
analogical reasoning training does neither lead to near transfer to analogical
reasoning nor to far transfer to language ability when being used by the child
alone or under the supervision of a parent. This might be due to a lack of
meta-cognitive (strategy) training. The results suggest that improvements
in non-verbal analogical reasoning lead to improvements in semantic fluency.
It is, however, unclear if this is due to improved ability to build semantic
categories or to improved test performance, as similar strategies might be of
advantage for the non-verbal analogical reasoning and the semantic fluency
task.

Paper III
Aim: This study aimed to evaluate if a computerized analogical reasoning
training might lead to near transfer effects to analogical reasoning and far
transfer effects to language ability for children with CIs. The aim was to in-
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vestigate the potential usefulness of a larger scale study of the program with
this pilot study.
Method: This was a pilot study with only seven participants. All were
children with CIs. The children used the computerized analogical reasoning
training in groups of three to four together with a teacher. The group train-
ing and supervision by the teacher were incorporated to improve the strategy
(meta-cognitive) training part of the training program. The groups consisted
of children with CIs and children with HA, but as only the children with CIs
participated in the baseline, pre-test, and post-test, only their data has been
analysed for this study. Non-verbal analogical reasoning, non-verbal analogi-
cal reasoning (HRI) and verbal analogical reasoning were used as near transfer
measures. Story comprehension, semantic and phonological fluency were used
as far transfer measures. Due to the small sample, the analysis was based on
visual investigation of the data.
Result: The visual investigation of the data showed that only one child
improved more between pre-test and post-test compared to baseline and pre-
test on both non-verbal analogical reasoning tasks. No child improved more
on both non-verbal analogical reasoning measures and the verbal analogical
reasoning measure due to the training. The child that improved on both non-
verbal analogical reasoning measures during the training period compared to
between baseline and pre-test, did not improve more than the other children
on the language measures. None of the children improved more between pre-
test and post-test compared to baseline and pre-test on story comprehension
and the verbal fluency measures. For both semantic and phonological flu-
ency, one child improved more between pre-test and post-test compared to
baseline and pre-test. However, the performance of these two children de-
creased between baseline and pre-test and increased again between pre-test
and post-test. Although an association between the improvement of non-
verbal analogical reasoning and verbal fluency was found in Paper II, the
visual investigation of the data in Paper III did not indicate that those chil-
dren who improved more on non-verbal analogical reasoning between baseline
and post-test improved more in their semantic verbal fluency ability between
baseline and post-test compared to the other children.
Conclusion: The result pattern found in this study does not indicate that
this computerized analogical reasoning training is a promising way to improve
the analogical reasoning and verbal fluency ability of children with CIs.

Paper IV
Aim: This study had two aims. The first aim was to investigate the rela-
tionship between analogical reasoning and language ability in children with
CIs and children with TH. The second aim was to evaluate the analogical
reasoning abilities of children with CIs.
Method: Children with CIs, and two groups of children with TH were com-
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pared with each other. One group of children with TH was matched with the
children with CIs in terms of receptive spoken grammar and age, the other
groups was only matched in terms of age. All three groups were tested on
non-verbal analogical reasoning ability and verbal analogical reasoning abil-
ity. To test non-verbal analogical reasoning ability, two tests which differed
in complexity were used. One of the tests had a multiple choice answering
format, and the first trials could be solved by simple pattern matching. The
other test had an open answer format and relational integration had to be
used from the first trial.
Result: The children with TH and higher receptive spoken grammar ability
were found to perform significantly better than the children with TH and lower
receptive spoken grammar ability on all three analogical reasoning tasks. The
children with CIs were found to perform significantly more poorly on the more
complex reasoning measure (i.e. that included a higher relational integration
demand) compared to children with TH and higher receptive spoken gram-
mar ability, but performed at the same level as children with TH matched
for receptive spoken grammar. For the less complex non-verbal analogical
reasoning measure, there was only a tendency towards a significant difference
between the children with CIs and the children with TH and higher receptive
spoken grammar ability. The children with CIs also performed at the same
level as children with TH matched for receptive spoken grammar on this task.
For the verbal analogical reasoning task, children with CIs performed signifi-
cantly poorer than both groups of children with TH.
Conclusion: The results suggest that higher language ability boosts the
performance for complex non-verbal analogical reasoning tasks (those that
including higher relational integration demand). However, non-verbal and
verbal analogical reasoning also seem to be important for language comprehen-
sion ability. It could be that analogical reasoning includes two sub-abilities:
pattern matching and relational integration. The first might be important
for language acquisition and the latter might be boosted by higher language
ability. To examine this further, more studies are needed in which pattern-
matching and relational integration ability are measured separately from each
other. Performance on a verbal analogical reasoning task might be influenced
more by expressive vocabulary than by receptive grammar skills. This might
explain for the differences in performance between children with CIs and chil-
dren with TH matched on receptive spoken grammar skills.

Paper V
Aim: The first aim of this study was to compare the pragmatic language
ability of children with CIs and children with TH. The second aim was to in-
vestigate if core language measures and verbal cognitive skills are associated
to the pragmatic language ability of the two groups.
Method: Children with CIs were compared to children with TH in terms
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of their pragmatic language skills. The pragmatics profile questionnaire from
the CELF-IV battery was filled in by the children’s caregivers, and the sum
value as well as the value for three sub-measures, Rituals and Conversational
skills (RCS), Asking for, Giving, and Responding to Information (AGRI) and
Non-verbal Communication skills (NCS), were compared between the groups.
In addition, associations between the three sub-measures of pragmatic abil-
ity and core language skills (language comprehension, vocabulary) as well as
verbal cognitive skills (verbal fluency, verbal WM, and verbal analogical rea-
soning) were evaluated for both the children with CIs and the children with
TH.
Result: For the sum score of the pragmatics profile, no significant difference
was found between the children with CIs and the children with TH. However,
5 out of 14 children with CIs performed below age norm, while only 2 out of
34 children with TH performed below age-norm. All children with CIs per-
forming below age-norm were attending special school, while those performing
above age-norm were both children attending special school and children in
mainstream education. A tendency for a significant difference was found for
the RCS measure and a significant difference was found for the NCS measure.
All three sub-measures of pragmatic ability were correlated to verbal fluency
for the children with CIs, but not for the children with TH. For the children
with TH, verbal analogical reasoning and receptive grammar ability was pos-
itively associated with the RCS measure. In addition, vocabulary skills and
verbal analogical reasoning ability were positively correlated to the NCS scale
for children with TH.
Conclusion: The results from this study indicate that many children with
CIs show comparable pragmatic language skills to peers with TH. However,
as all children performing below age-norm attended special school, more re-
search is needed on the influence of different educational environments on the
development of pragmatic language ability. In addition, verbal fluency was
found to be associated with pragmatic language ability of children with CIs.
This was not the case for children with TH. It might be the case, that children
with a better developed semantic network perform better on a verbal fluency
task and are also better able to use language in a flexible way. Children
with TH might already have a more developed semantic network and further
improvements might not influence their pragmatic language ability.
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3.1 Summary of the results

The aim of the current thesis was to investigate the language and analogi-
cal reasoning ability of children with CIs in comparison to children with TH.
In addition, the aim was to analyse the association between those two skills.
Differences between children with CIs and children with TH in all tested do-
mains, as well as a reciprocal relationship between analogical reasoning and
language ability were expected (see Figure 2).
A larger variance in expressive language was found in children with CIs com-
pared to children with TH matched on non-verbal analogical reasoning ability
and WM (Study I). This suggests either a greater importance of cognitive
skills for the language development of children with CIs or the importance of
individual variation only present in the group of children with CIs, like the
age at implantation.
The analogical reasoning training used in the current thesis (Lenhard et al.,
2011) did not show any effects on analogical reasoning or language ability.
This was the case both for children with TH (Study II) and children with CIs
(Study III). However, a small association between improvements in non-verbal
analogical reasoning and semantic verbal fluency was found in Study II. This
association might be explained by improved abilities to use strategies needed
both for analogical reasoning and semantic verbal fluency tasks.
The results of Study IV indicate that complex non-verbal analogical reason-
ing and verbal analogical reasoning are supported by language. For complex
non-verbal analogical reasoning this might be due to the use of verbal strate-
gies. In Study IV the children with CIs were found to perform more poorly
on a verbal analogical reasoning task than children with TH matched for lan-
guage comprehension skills, despite having comparable non-verbal analogical
reasoning ability. Verbal analogical reasoning ability seems to be not only
influenced by receptive grammar skills, but might be more dependent on ex-
pressive vocabulary and lexical access ability.
In Study V it was found that all children with CIs who showed a delay in prag-
matic language ability attended special schools . However, this data might be
explained by the fact that children with a more prevalent language delay are
more likely to be educated in a special school. Verbal fluency was the only
verbal cognitive measures associated with pragmatic language ability for the
children with CIs, while vocabulary, grammar, and verbal analogical reason-
ing ability were associated with pragmatic language ability for children with
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Figure 7: A graphical representation of the results of the current thesis. A
green arrow is used for observed patterns. A dotted (...) arrow is used for
patterns which were only found for children with TH, while a dashed (- - -)
arrow is used for results which were only found for children with CIs. Red is
used for null results. A green box is used for abilities for which differences
between children with CIs and children with TH were observed. A blue box
is used for differences between children with CIs and children with TH that
were only been observed when the groups differed in language ability.

TH.
The main results from the current thesis are presented in Figure 7.

3.2 Language and Analogical Reasoning: A reciprocal
relationship?

The pattern of results observed in this thesis indicates a reciprocal relationship
between language and analogical reasoning ability. This is in accordance with
Gentner and Christie (2010), who argue that analogical reasoning is of im-
portance for language acquisition, but that language also serves as a boost for
analogical reasoning skills. Improvements in analogical reasoning, however,
seem to have a limited effect on language ability in the tested age-group. This
is in contrast to studies with younger children, for which an improvement in
analogical reasoning ability led to transfer effects to the language domain
(Marx, 2006; Marx et al., 2010). The supporting role of language for ana-
logical reasoning seems to play an important role for the age-group tested in
this thesis. This is in accordance with studies showing that language ability
is associated with complex non-verbal reasoning ability (Baldo et al., 2010;
Baldo et al., 2015; Cejas et al., 2018).

Analogical reasoning training
If language acquisition relies on analogical reasoning ability, as suggested by
Gentner and Namy (2006) and the usage-based model of language acquisition
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(Behrens, 2009; Tomasello, 2009), then an improvement of analogical reason-
ing ability should boost language acquisition. This boost would be expected
for grammar ability, as well as for the ability to build semantic categories,
as both these skills have been found to be associated to analogical reason-
ing ability in previous studies (Childers et al., 2016b; Childers & Tomasello,
2001; Gentner & Namy, 1999; Gerken, 2010). However, in this thesis it was
not possible to improve analogical reasoning ability with a computerized cog-
nitive training.
In Study II the computerized analogical reasoning training by Lenhard et al.
(2011) was used in a way that would make it suitable for children with CIs.
Children with CIs are a small population and spread all over the country
which makes a cognitive intervention hard to conduct if it has to take place
at a clinic. If children can take part in a training without having to travel then
this would make the training feasible for a larger group of children. In addi-
tion, a training that can be used at home without a professional supervisor is
not only easier, but also cheaper to conduct. This can be an important factor
for families when they decide which interventions their child can take part in.
Previous research has shown that at-home interventions can be effective for
children with CIs (von Mentzer et al., 2013).
The aim of Study II was to investigate, if the computerized analogical reason-
ing training by Lenhard et al. (2011) improves the analogical reasoning skills
of children, whether they train alone or under the supervision of a parent.
The results show that neither method of training led to any effect. It could
be argued that the level of metacognitive training was too low in these two
training alternatives. Klauer (1996) argues that the metacognitive aspect of
an analogical reasoning training is of importance to ensure effects. Metacog-
nition refers to the ability to reflect on one’s own thinking processes. If the
children learn how they solved a specific analogical reasoning problem and
are able to reflect on the cognitive strategies they used, they might be better
able to use these strategies again for similar problems. Therefore, the parents
were among other things instructed to discuss the answers with the child and
to let the child explain their reasoning behind their answer (see paper II &
Method section for a detailed list). The aim of this was that the child devel-
ops strategies to solve analogical reasoning tasks. However, the results from
Study II show that the training had no effect despite this. It might be the
case that the parents offered too much help and the children were therefore
not able to come up with their own strategies. One indication for this is that
children training with their parents had a lower error rate within the training
compared to children training alone.
In Study III the training was conducted as a group training with children
with CIs under the supervision of a teacher. A teacher is a more professional
supervisor than a parent. This might reduce the risk of the adult supervisor
providing too much help. In addition, due to the group training the children
had to explain their answers to other children who might be more critical
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that an adult supervisor. Both these aspects were intended to increase the
effectiveness of the metacognitive aspect of the training. However, the pilot
results obtained in Study III do not indicate that the computerized analogical
reasoning training (Lenhard et al., 2011) would increase analogical reasoning
or language ability in children with CIs. This is in accordance with claims
by Roth-van der Werf et al. (2002) who found that the analogical reason-
ing training developed by Klauer (1989b), on which the computerized version
used in the current thesis (Lenhard et al., 2011) is built on, does not lead to
any transfer effects.
A small association between improvements in non-verbal analogical reasoning
and verbal fluency ability has been found in Study II. This is in accordance
with the importance of analogical reasoning ability for the building of seman-
tic categories (Gentner & Namy, 1999). No associations between improvement
in analogical reasoning and receptive grammar ability was found. The results
for the semantic fluency task could both be explained by an improved ability
in building semantic categories, but also by improved abilities to use strategies
both needed for analogical reasoning and semantic verbal fluency tasks. The
small size of the association indicates that large improvements in semantic
fluency would not be expected by increased analogical reasoning ability.
The results from Study III do not indicate that those children with CIs who
improved more on non-verbal analogical reasoning between baseline and pre-
test improved more in their semantic verbal fluency ability between pre-test
and post-test compared to the other children. This suggests that improved
non-verbal analogical reasoning has no boosting effect on the development of
semantic categories for children with CIs. The results from Study III are from
a small sample. However, they indicate that a larger scale study with children
with CIs using an analogical reasoning training program is unlikely to lead to
transfer effects on language ability.

The influence of language ability on analogical reasoning
The results from the current thesis show that differences between children
with CIs and children with TH in complex analogical reasoning are absent if
the groups are matched on language comprehension ability. However, chil-
dren with CIs were found to performed significantly more poorly on a verbal
analogical reasoning task compared to children with TH matched on lan-
guage comprehension and non-verbal analogical reasoning ability. The reason
for this could be that a language comprehension measure was used for the
matching, while the verbal analogical reasoning task required expressive vo-
cabulary skills. In addition, differences might be explained by differences in
the structure of the mental lexicon.
Language ability has been found to improve analogical reasoning (Baldo et
al., 2010; Baldo et al., 2015; Cejas et al., 2018). This in accordance with pre-
vious research, finding that language ability is the most important predictor
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for the non-verbal analogical reasoning ability of both children with CIs and
children with TH (Cejas et al., 2018). In addition, it has been found that
verbal analogical reasoning ability is strongly associated with language ability
(Edwards et al., 2011) and differences found between children with CIs and
children with TH on this task might therefore be explained by differences in
language ability.

Non-verbal analogical reasoning

The results from this thesis indicate that language abilities influence the per-
formance on non-verbal analogical reasoning tasks. Study IV is the first study
to compare children with CIs to both language and age matched peers on
non-verbal analogical reasoning tasks with high and low relational integra-
tion demands. Children with CIs perform comparably to language and age
matched peers on both those tasks. However, they perform significantly more
poorly than age matched children with TH with higher language ability on
the non-verbal analogical reasoning task with higher relational integration de-
mands.
A reason for the importance of language for analogical reasoning might be that
relational integration is facilitated by the use of verbal strategies. Gentner
(2016) argues that language can be used as a symbolic system to represent re-
lational patterns. If relations can be verbalized in mind this might reduce the
cognitive demands and thereby increase relational integration ability. This
explanation is in accordance with a study by Baldo et al. (2010), who found
that language ability is important for complex analogical reasoning but not
for tasks that can be solved by simple pattern matching.
The non-verbal analogical reasoning tasks used in Study IV did not only dif-
fer in terms of relational integration demands but also in terms of the stimuli
used. In the task with higher relational integration demand, animals chang-
ing position and color were used as stimuli, while abstract patterns were used
for the other non-verbal analogical reasoning task. It could be argued that
the tasks therefore differ in the amount to which verbal labelling can be used
and the results found in Study IV are in accordance with results by Davidson
et al. (2019). While verbal labelling might have facilitated the ability to use
verbal strategies, it needs to be noted that even for the more abstract analog-
ical reasoning task a tendency for a lower performance of children with CIs
compared to children with TH and higher language ability was found. This
indicates that verbal abilities might influence the performance. This is in ac-
cordance with results by Cejas et al. (2018), who found that language ability is
an important predictor for the performance on an abstract analogical reason-
ing task. Further studies are needed to investigate the importance of verbal
strategies for relational integration. These studies should use non-verbal ana-
logical reasoning task which differ only in their relational integration demand,
not in the abstractedness of the stimuli.

41



Discussion

Non-verbal analogical reasoning tests are often used in intelligence testing and
have been claimed to be ”language free” (non-verbal). However, if relational
integration ability is influenced by language ability, these tasks might under-
estimate the non-verbal cognitive ability of children with language delays, as
the more complex trials (with high relational integration demand) might be
supported by language. This means, that a child with lower language ability
might score lower on the more complex trials compared to a child with higher
language ability even if both these children have comparable non-verbal cog-
nitive ability. This is in accordance with results from Dugbartey et al. (1999)
who found associations between verbal skills and performance on the Matrix
task (a non-verbal analogical reasoning task) from the WNV battery (Wech-
sler & Naglieri, 2007). Dugbartey et al. (1999) suggested that the task is not
fully non-verbal and is mediated by verbal ability. This raises the question
of whether non-verbal analogical reasoning tasks are an appropriate measure
for the non-verbal intelligence of children with CIs.

Verbal analogical reasoning

In Study IV, children with CIs performed significantly more poorly on a verbal
analogical reasoning task compared to children with TH matched on language
and non-verbal analogical reasoning ability. This indicates that the lower per-
formance of children with CIs on this task can not be explained by a language
delay. This was a surprising result. It was assumed that children with the
same language level should have comparable verbal analogical reasoning abil-
ity. Masterson et al. (1993) for example found that children with language
learning disabilities performed comparably to language-matched children on
a verbal analogical reasoning task. However, for Study IV receptive grammar
was used as a language measure, while Masterson et al. (1993) used vocabu-
lary as a language measure. It might be the case that the children with CIs
and the children with TH were matched on language comprehension ability,
but not on other language abilities which are important for verbal analogical
reasoning, such as lexical access. The verbal analogical reasoning task used
in Study IV is an expressive task, in which a missing word has to be filled
in. Therefore, lexical access is important. Lexical access ability can differ due
to differences in vocabulary size or due to differences in the structure of the
mental lexicon. Vocabulary has been found to be an important predictor for
the verbal analogical reasoning ability of children with CIs in previous studies
(Edwards et al., 2011). In Study IV, differences in the expressive vocabulary
of the children with CIs and the children with TH could not be evaluated due
to missing data. However, in Study I, the children with CIs have been found to
perform significantly more poorly on an expressive vocabulary task compared
to children with TH matched for non-verbal analogical reasoning ability. It
therefore is likely that differences in vocabulary size are one explanation for
the differences in verbal analogical reasoning between children with CIs and
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children with TH found in Study IV. The groups might have additionally dif-
fered in terms of the structure of their mental lexicon. A study by Kenett et
al. (2013) shows that the mental lexicon of children with CIs is less connected
compared to the mental lexicon of peers with TH. In a less connected mental
lexicon, related words might not be automatically activated. This might make
a verbal analogical reasoning task more demanding for children with CIs.

Pragmatic Language Ability
An association between pragmatic language ability and verbal analogical rea-
soning was found for the children with TH. This is in accordance with research
by Loukusa et al. (2007). In Study V, associations were found for rituals and
conversational skills, as well as for non-verbal communication skills. The ma-
jority of the items used to measure rituals and conversational skills were re-
lated to turn-taking ability. The found association with verbal analogical rea-
soning might therefore be explained by the use of verbal analogical reasoning
to make predictions about the meaning of an utterance during conversation
(Levinson, 2016). The association between verbal analogical reasoning and
non-verbal communication skills is in accordance with the Relevance Theory
(Sperber & Wilson, 2004). Non-verbal gestures, facial expressions and into-
nation need to be integrated with the literal meaning of an utterance to draw
inferences about the true meaning. It is expected that children with higher
verbal analogical reasoning ability would be better able to draw these infer-
ences. However, as only correlations have been calculated, the causality of
the found associations is currently unclear.
The association between verbal analogical reasoning and pragmatic language
ability was non-significant for the children with CIs. Verbal fluency was in-
stead found to be significantly associated with pragmatic ability for the chil-
dren with CIs. This was the case for rituals and conversational skills, as well
as for non-verbal communication skills. Kenett et al. (2013) argue that se-
mantic fluency is a measure of the connectivity of the mental lexicon. It could
be speculated that the reason for the result of Study V is that children with
CIs with better structured mental lexicon are not only able to produce more
words during a verbal fluency task as their lexical access ability is higher,
but they might also be able to use language in a more flexible way. This is
important for social communication as the used language needs to be adapted
to the listener and the situation.
The different pattern found for children with CIs and children with TH in
Study V might be explained by a mediation effect. A less structured men-
tal lexicon might influence lexical access, which influences verbal analogical
reasoning, which influences pragmatic language ability. For the children with
TH, who tend to have a more structured mental lexicon than peers with CIs,
the verbal fluency ability might no longer fully mediate the association be-
tween verbal analogical reasoning and pragmatic language ability. This might
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explain why the same sub-abilities have been associated to verbal analogical
reasoning for children with TH as have been associated to verbal fluency for
the children with CIs. Further studies are needed to evaluate if analogical
reasoning ability is associated with pragmatic language skills in both children
with TH and children with CIs if the groups are matched on verbal fluency
ability.

Summary
• Differences in expressive language between children with CIs and chil-

dren with TH are not explained by differences in non-verbal analogical
reasoning ability or differences in working memory (Study I). Children
with CIs perform more poorly on an expressive vocabulary task and
show a larger variation in both expressive vocabulary and expressive
grammar compared to children with TH matched on non-verbal analog-
ical reasoning and working memory.

• The results from Study II and IV support the hypothesis that language
ability and analogical reasoning have a reciprocal relationship. Language
ability has been found to be of importance for complex non-verbal ana-
logical reasoning, as well as for verbal analogical reasoning ability. On
the other hand, indications have been found that analogical reasoning
ability might influence the language ability of children with TH and im-
provements in non-verbal analogical reasoning have been found to be
associated to improvements in semantic fluency for children with TH
(Study II).

• The results from Study IV support the hypothesis that language delays
lead to differences between children with CIs and children with TH on
cognitive tasks. This was the case both for a verbal task and a task that
benefits from verbal strategies.

• The results of Study IV and Study V indicate that vocabulary and the
structure of the mental lexicon are influencing higher order language
skills such as verbal analogical reasoning and pragmatic language ability
of children with CIs.

3.3 Conclusion

The results from the current thesis show that the language delays often seen
in children with CIs are not explained by delays in cognitive abilities. Rather,
the language delays affect the performance on cognitive tasks which are either
verbal or can be supported by verbal strategies. In the tested age-group, the
influence of an improvement of analogical reasoning on language ability is
limited. The influence of language ability on analogical reasoning seems to
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be more relevant. The results of this thesis indicate that vocabulary and the
structure of the mental lexicon, influence the performance on higher-order
language skills such as verbal analogical reasoning and pragmatic language
ability. Both the size of the vocabulary and the structure of the mental
lexicon are likely influenced by the amount of language input a child receives.
The main implication of this is that emphasis should be put on reducing the
duration of language deprivation and to improve the quality of the language
input for children with CIs.

3.4 Future Directions

The results from this thesis and previous studies show that language delays
affect not only communication ability, but also the performance on cognitive
tasks. Future research should concentrate on how to reduce language delays
in children with CIs. As usage-based models of language acquisition argue,
language is learned by using it. Therefore, reducing the duration of language
deprivation and improving the quality of the language input are likely the
most promising approach. Future studies need to evaluate how this can be
achieved in a good way for each individual child with CIs. The duration of
language deprivation could be reduced by using sign-language or HAs before
the child receives CIs. The use of sign-language or cued speech, as well as
improved technology of CIs are ways to improve the input quality.
Future studies should focus on a more integrative evaluation of language abil-
ity. Little research has been done on how the combined use of spoken and sign
language affects the language and cognitive development of children with CIs.
For children with CIs with hearing parents, having CIs improves the input
quality of the language as the parents are able to communicate in their native
language. Using sign-language improves the input quality of the language as
no information is lost due to reduced auditory quality. Therefore, it should
be evaluated if a combined use of spoken language (with the parents) and
sign language (with a tutor/in kindergarten) can lead to an optimal language
environment for children with CIs.
The findings from Study IV and V indicate that the structure of the men-
tal lexicon is important for higher-order language skills of children with CIs.
However, only one study until now has investigated the structure of the men-
tal lexicon of children with CIs (Kenett et al., 2013). In the study by Kenett
et al. (2013), children with CIs were compared to age-matched children with
TH, therefore, it is unclear if the observed differences are due to differences in
age at language acquisition. Further studies are needed to evaluate whether
the mental lexicon of children with CIs is developed as would be expected from
their language age, or if reduced input quality due to the CI leads to weaker
connections between the words in the mental lexicon. If this is the case, this
could have implications on verbal analogical reasoning ability and therefore
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on several higher-order language skills, like pragmatic language skills.
Pragmatic language ability is an essential skill for the participation in commu-
nications. More research is needed to evaluate the pragmatic language ability
of children with CIs and which factors are influencing it. Studies are needed
which can untangle the influence of language delays and input quality on the
turn taking ability of children with CIs. Turn taking might be influenced by
the ability to hear auditory cues, but also by the ability to predict the mean-
ing of an utterance. In addition, the reasons for the significant differences
in non-verbal communication ability between children with CIs and children
with TH, found in Study V, need to be evaluated more closely. These dif-
ferences could be due to delays in ToM. However, they might as well be due
to the fact that spoken language is more cognitively demanding for children
with CIs. They might therefore not have enough cognitive resources left to
integrate non-verbal information with the literal meaning of an utterance.
In addition, some of the children might rely in parts on lip-reading and will
therefore miss important facial cues.
Results from the current thesis as well as previous findings indicate that lan-
guage ability is influencing the performance on non-verbal analogical reasoning
tasks. More research is needed to evaluate why this is the case. The most
likely explanation based on the current data is that relational integration is
supported by verbal strategies. Even if the stimuli are abstract, relational lan-
guage (e.g. directions or dimensional terms) might still improve the ability to
verbalize relations in mind. This might reduce the working memory demand
of the relation integration process and therefore make it possible to solve
more complex analogical reasoning tasks. The matrices used in non-verbal
intelligence measures need to be evaluated in terms of how well the relations
can be verbalised. How well a participant is able to verbalise relations might
even depend on their language, as languages differ in terms of which and how
many relational terms are used. This needs to be taken into consideration
when comparing the non-verbal analogical reasoning ability of children with
different language backgrounds. In addition, the supporting role of language
for relational integration ability needs to be taken into consideration when
comparing the non-verbal analogical reasoning ability of groups of children
which differ in terms of their language ability, for example children with CIs
and children with TH.
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