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Introduction 

The present thesis investigates the impact of the combination of hearing and visual 

impairment on a set of basic cognitive abilities, and two composite abilities. The population 

with Usher syndrome (USH) was selected, as the conditions of the syndrome are relatively 

well known with regard to genetics and medicine, but very few studies have focused on the 

population from a cognitive perspective. Research within the area of cognitive hearing 

science has demonstrated that better understanding of the interplay between cognitive 

skills and sensory input can be important to the design of treatments, devices, and 

interventions aimed at improving communication (e.g., Alt & Suddarth, 2012; Baddeley, 

2003; Hua, Karlsson, Widén, Möller, & Lyxell, 2013; Ng, Rudner, Lunner, Pedersen, & 

Rönnberg, 2013; Rönnberg, Rudner, Lunner, & Zekveld, 2010). In the present thesis levels of 

phonological skill, lexical skill and working memory capacity in children with Usher 

syndrome type 1 (USH1), and in adults with Usher syndrome type 2 (USH2) has been 

examined. Furthermore, two composite cognitive skills were selected for investigation: 

reading skill (in both the children and adults), and theory of mind (in the adult group). 

Thesis outline 

The main theme of the present thesis is the level of functioning of three basic cognitive 

abilities (i.e., lexical skill, phonological processing, and working memory), which are all 

affected by degree and quality of sensory input (i.e., vision and hearing). The thesis thus 

starts with describing the neuropsychological theories and concepts that are at its 

foundation. This is followed by descriptions of deafblindness, USH, Alström syndrome (AS), 

and technical devices for treatment of hearing impairment and deafness. These phenomena 

are described as they could be expected to impact on the neuropsychological level, causing 

performance on cognitive tests to be different to that of control groups. The next section 

describes the cognitive skills that are in focus in the thesis, and contains accounts of 

previous research investigating sensory impairments in relation to these cognitive skills. The 

thesis then moves on to present an overview of the empirical results, and finishes with a 

discussion attempting to tie together the previous knowledge on sensory impairments and 

cognitive skills with the empirical findings from the studies included in the thesis. To 

complete the thesis, there are some suggestions for future research. 

Theoretical framework of the thesis 

The topic of the present thesis belongs to the field of disability research, and more 

specifically, research on cognition, hearing and deafness, and deafblindness. Disability 

research describes functioning, impairment and disability in relation to their biological, 

psychosocial, social and cultural aspects (Möller, 2003). 

At the foundation of this thesis is the neuropsychological concept of brain plasticity. It is 

common knowledge today that there changes in the physiology of the brain occur in 

response to a person’s behavior and surrounding. For example, training of a skill, such as for 

instance playing a musical instrument, will increase activity in the areas of the brain 

responsible for fine motor control, as well as areas involved in the perception, processing, 
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and learning of music (Pantev et al., 2003; Gaab & Schlaug, 2003). There are several 

examples of changes or reorganization of the brain detected in imaging studies using 

functional magnetic imaging (fMRI) or event related potentials (ERP), as a result of early, 

profound sensory impairment. For instance, areas of the brain typically involved in auditory 

processing have been found to instead be activated in response to visual stimuli in deaf 

individuals (Lomber et al., 2010; Kral & Eggermont, 2007), or areas which otherwise would 

process visual information responding to auditory information in individuals with congenital 

blindness (Hötting & Röder, 2009),. 

The amount and quality of stimuli that the brain receives influences the neurological 

networks of the brain, which is the core feature of plasticity (Hensch, 2005). Those areas of 

the cortex that are involved in perception and the first steps of processing of sensory 

information are called primary areas. These primary areas of the cortex are at their highest 

peak of plasticity during the infant years (Hensch, 2005; Kral & Eggermont, 2007). 

Disturbances in sensory intake, or lack of input from a sense, as is the case in congenital 

hearing impairment or congenital profound deafness, is highly likely to give rise to 

adaptations and changes of all areas of the brain which normally would deal with that 

sensory information (Lomber et al., 2010; Lee et al., 2007; Sharma et al., 2009; Doucet et al., 

2006). A strong hypothesis is that, in turn, this cross-modal plasticity will have an effect on 

the development of those cognitive abilities which rely on the basic sensory processing 

(Berk, 2009). Thus, a sensory deprivation seems to cascade through, and impact on, the 

development of all cognitive abilities relying on that sense (See figure 1 for an illustration of 

cascading effects). 

 

Figure 1: Cascading effects from auditory stimulation on development of cognitive 

functions. 
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An example is that of areas of the brain, which normally are involved in the processing of 

sound, but which in pre-lingually deafened individuals are activated in response to specific 

visual stimuli, such as the signs of sign language (Lomber et al., 2010; Lee et al., 2007). The 

altered development of basic cognitive skills is likely to have an impact on the development 

of more composite cognitive skills, such as language (Löfkvist et al., 2014) and reading 

(Nakeva von Mentzer et al., 2013). To what extent and in what ways these complex abilities 

will be affected, will however be dependent on many different factors within and outside of 

the individual, such as personality, motivations, and communication strategies and - 

competence of the friends and family as well as rehabilitative services and support. 

Likewise, if an individual is congenitally visually impaired, the development of the brain 

areas typically involved in processing of visual stimuli, and the cognitive abilities linked to 

these, will develop in a different manner than in a person with normal vision (Hensch, 2005; 

Rokem & Ahissar, 2009). Similarly, there is evidence of plastic changes in individuals with 

long term visual impairment, indicating that areas of the brain previously processing visual 

information will instead be involved in auditory information processing (Théoret et al., 

2004). 

Language processing, regardless of modality of language (visual, as in signing, or auditory, as 

in speech), is a complex cognitive activity, reliant on several networks and structures of the 

brain (Bennett & Hacker, 2006; Berk, 2009). Language is considered to have two sensitive 

periods, or windows of plasticity, the first from birth up to 4-5 years of age, and the second 

from around 5 years up to mid adolescence (Berk, 2009). Development of the cognitive skills 

in spoken language to some extent runs parallel to the progression of auditory processing 

skills, and during the first sensitive period of language the development of those processing 

abilities is clearly at its peak. The sensitive periods of language development are also 

evident regardless of modality of language, and display the same content in both spoken 

and sign language (Lederberg et al., 2013).  The first sensitive period of language ends at 

about 4-5 years of age, and there is ample empirical evidence to show that limited access to, 

or lack of, language and communication during this first sensitive period in most cases leads 

to deviant or delayed development of language (Peterson et al., 2010; Dorman et al., 2007; 

Lederberg et al., 2013) or even language impairment (Peterson et al., 2010; Engel de Abreu 

et al., 2011). 

During the first three years of life the development of working memory concurs with the 

expansion of vocabulary and the building of grammatical skills (Engel de Abreu et al., 2011; 

Hayes, Geers, Treiman, & Moog, 2009; Nakeva Von Mentzer, 2014). These latter skills, as 

well as pragmatic language skills, display a developmental burst during the following years 

until the closing of the first sensitive period (Berk, 2009; Nakeva Von Mentzer, 2014). The 

second sensitive period ends during the middle of the teenage years, and languages that 

have been learnt after this age are wired in different structures and networks of the brain 

compared to languages learned prior to this age (Ruben & Schwartz, 1999). Löfkvist et al. 

(2014), Mentzer (2014), and Ruben and Schwartz (1999) all highlight the importance of 
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access to a full, nuanced and rich language during these sensitive periods in order for a 

typical language development to occur. 

Individuals with USH experience a combination of congenital hearing impairment/profound 

deafness and visual impairment during the lifespan. Hence, the consequences of these 

conditions on cognitive skills are of central importance to this thesis. All individuals with 

Usher syndrome are born with hearing impairment, albeit of different severity and 

progression, and all develop severe visual impairment. The present work is an attempt to 

develop the beginnings of an understanding of how the sensory processes in USH might 

impact cognitive abilities. This knowledge is achieved by comparing the performance of the 

group with USH to participants with normal hearing and normal vision. The two included 

groups with USH are also compared to control groups with similar levels of hearing 

impairment, or more severe deafblindness, and not only to individuals with normal hearing 

and vision (NHV), thus giving another caveat to the description of the cognitive abilities in 

the group with USH. The children with USH1+CI were described in relation to children with 

other types of deafness and CI and to children with HI+HA, and the adult group with USH2 

was described in relation to a group with Alström syndrome. 

Deafblindness 

The Nordic definition of deafblindness (DB) states that DB is a specific condition in that the 

combination of hearing loss and visual impairment impacts on daily life and self-reliance to 

such a degree that the person becomes dependent on help from others, as well as from 

society, in order to reach full participation. The exact definition states: 

“DB is a specific disability. DB is the combination of visual and hearing impairment. DB limits 

a person’s ability to participate in activities, and restricts full participation in society to such 

an extent that society needs to facilitate by providing specific interventions, by adapting the 

environment and/or offer technical solutions.” (nkcdb.se, click the tag ‘DÖVBLINDHET’) 

The Nordic definition further develops the definition of deafblindness, describing the central 

importance of vision and hearing for the access of information. In the developed description 

it is also clearly stated that some environmental conditions ease the difficulties arising due 

to the visual loss and hearing impairment, while other situations worsen the issues. NKCDB 

highlight the importance of evaluating each situation on its own, since the level of 

impairment can vary for individuals with DB. This line of reasoning is congruent with the 

International Classification of Functioning, Disability and Health (ICF), a framework 

developed by WHO in order to describe health and disability at both the individual and 

population level (Möller, 2003). A purpose of ICF, and definitions developed in line with the 

framework, is to point out the complexity of disabilities, and the need to apply holistic and 

interdisciplinary perspectives in order to better understand the impact of an impairment in 

different settings and individuals. Typically, though, the definitions which have been applied 

in empirical studies of DB have been less holistic and fit to the perspective of the study in a 

more narrow fashion, such as a medical definition only (Ask Larsen & Damen, 2014). The 
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definitions of deafblindness (DB) used in research on DB and congenital DB were recently 

investigated and the results were published in a review by Ask Larsen and Damen, (2014). 

The authors found the definitions applied to vary, which makes comparisons across studies 

and generalizations of findings difficult. Ask Larsen and Damen (2014) recommend that at 

least one of seven minimal criteria should be used in order to define DB, thus facilitating 

comparisons across studies. In the present thesis, definition of DB itself has been secondary 

to the definition of the selected study groups, as the aim was to describe aspects of 

cognitive abilities and skills in the largest population with genetically caused DB, i.e., 

individuals with Usher Syndrome. 

Combined visual and hearing impairment is conceptualized as DB when the combination of 

the two impairments have an impact which goes beyond what either impairment would 

have had on its own (Möller, 2007). However, the term does not mean total blindness in 

combination with profound deafness, although this is a common misunderstanding. Here 

the concept is used to designate the condition where the combined visual and hearing 

impairment impacts the person’s ability to be self-dependent, and severely limits access to 

information in such a way that if the person does not receive society’s assistance s/he is at 

great risk of being excluded from the everyday activities as well as from other processes 

(Möller, 2003; Wahlqvist, Möller, Möller, & Danermark, 2013). DB is defined in the same 

way throughout this work. When this definition is applied with the participants of the 

present thesis, 11 of the adult participants, and one of the children, could be included in the 

category of individuals with DB. The other six children with USH1, and two of the adults with 

USH2, did at the time of data collection not have a combination of visual loss and hearing 

impairment severe enough to fit into the Nordic definition of DB. 

The major causes of DB are genetic conditions, which can lead to DB at any time during the 

lifespan (Möller, 2007). Syndromes causing DB typically have low prevalence (Dammeyer, 

2010; Möller, 2007), and in a country with a small population, like Sweden, there will only 

be small populations. Some syndromes, such as Alström syndrome (AS), will only have a few 

individuals within each generation (Frölander et al., 2014). When a person with DB appears 

at the rehabilitation centers and services it may be the first time the professionals there are 

confronted with a syndrome leading to combined visual loss and hearing impairment. 

Hence, the need for developing knowledge and organizing already existing knowledge in 

sustainable and accessible ways is of great importance, in order for the health care to be 

able to provide good service and intervention. 

Usher Syndrome (USH) 

Usher syndrome has a global prevalence of about 3.6/100 000 individuals, and is divided 

into three types with different progression of symptoms (Pennings, 2004; Sadeghi et al., 

2004b). There is variation in which of the three clinical types of the syndrome that is most 

prevalent in a region of the world, and in Sweden types 1 and 2 are the most common forms 

(Pennings, 2004; Sadeghi, 2005). Individuals with USH1 are profoundly deaf at birth and lack 
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balance function. The progressive visual loss is due to Retinitis Pigmentosa (RP), which leads 

to poor contrast sensitivity, light sensitivity, night blindness, and to loss of visual field 

(tunnel vision), but also to some extent loss of visual acuity. RP in USH1 begins with mild 

symptoms, such as night blindness and sensitivity to light in the ages 5-8 years. The state of 

functional blindness is generally apparent at 30-40 years of age, but a narrow, central visual 

field of about 10 degrees remains, though it usually diminishes slowly to around 5 degrees 

at 60 years of age (Möller, 2007; Sadeghi, Kimberling, et al., 2004). Cataracts are also 

common in USH (Möller, 2007; Sadeghi, Kimberling, et al., 2004). In USH2, individuals are 

born with a moderate to severe hearing loss. The hearing loss remains stable over the 

lifespan, except for the expected age decline of hearing (Sadeghi et al., 2004a). The balance 

function is intact, while progression of RP is similar to that in USH1, though USH2 is usually 

diagnosed at a later stage, typically in the late teens ( Möller, 2007). Individuals with USH3 

display progressive hearing loss, progressive loss of balance function, and RP. 

USH is caused by different genetic mutations in several genes responsible for the coding of 

proteins that construct the hair cells of the inner ear and balance organ, as well as the 

proteins in the rods of the retina (Kremer et al., 2006; Boëda et al., 2002; Cremers et al., 

2007). The inner ear and the eye are the only affected bodily structures, and symptoms are 

limited to the functions of these structures. In Usher syndrome the hair cells of the cochlea 

develop, but malfunction occurs either due to defective tip-links or defects in the structures 

responsible for ion circulation, necessary for the firing of nerve pulses (Boëda et al., 2002; 

van Wijk et al., 2004; Kremer et al., 2006; Giacomello et al., 2011). Possibly, individuals with 

USH of type 1 or 2, respectively, develop hearing as fetuses, but then become either 

profoundly deaf or develop a hearing impairment, as a result of their genetic condition. The 

progress of the hearing loss would in this case be similar to, but more rapid than, the 

progressive loss of vision. A speculation would be that if there is hearing in the fetal stage, it 

could have implications for the state of the auditory nerve and auditory cortex, particularly 

in the case of USH1. As described previously regarding the plasticity of the brain, those 

areas of cortex which receive stimulation develop more (Berk, 2009; Hensch, 2005). Hence, 

having had auditory stimulation could cause the process of pruning, during which 

unconnected and unused neurons are terminated to the benefit of those connected and 

stimulated, to be less progressed in infants with USH1 compared to infants with other types 

of deafness. In this case, children with USH1 would have slightly better conditions for 

implantation with a CI, as the state of the auditory nerve is assumed to be a predictor of 

outcome (Giraud & Lee, 2007; Lazard et al., 2012). 

Alström Syndrome (AS) 

AS has a much lower prevalence than Usher syndrome, so low that the prevalence has not 

been defined, and only about 900 individuals have been diagnosed worldwide 

(Socialstyrelsen, 2014). AS is also a genetic condition, but it causes a ciliopathy impacting 

several bodily structures and causes multi-systemic illness (Frölander et al., 2014; Joy et al., 

2007; Marshall et al., 2007). Among the major health issues are malfunctions of the eye, 
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inner ear, heart, liver, and kidneys, and individuals with the syndrome have a short life 

expectancy (Marshall et al., 2007; Joy et al., 2007). 

AS also causes deafblindness, but the progression of the visual and hearing impairments are 

very different from USH. Until recently, the knowledge of how the hearing impairment 

develops had not been systematized, but in a study by Möller et al. (in press) audiograms on 

several patients with AS have been congregated. The researchers show that the hearing loss 

progresses from mild to severe over the course of 25-30 years. The RP in AS is very 

aggressive and vision rapidly deteriorates to complete blindness in the adolescent years 

(Marshall et al., 2007). 

Similar to the research on the group with USH, the studies regarding AS have typically 

focused on physiological and genetic aspects of the syndrome. The study by Frölander et al. 

(2014) is one of the first investigating cognitive abilities, primarily theory of mind (ToM), in 

the group. ToM refers to the ability to understand the reasons and motivations of other 

persons’ feelings and actions (e.g., Happé, 1994; Low & Perner, 2012). The findings of 

Frölander et al. (2014) indicate that individuals with AS display lower levels of this complex 

ability, and are in line with clinical observations of the interactions with this group of 

individuals as being qualitatively different from interactions with other patients with 

deafblindness. 

Hearing Aids and Cochlear implants (CI) 

There has been an extreme technological development of hearing aids over the past 

decades (Arlinger et al., 2009; Schweitzer, 1997). Parallel to the technological advancements 

research has developed new knowledge on sensorineural hearing loss (Arlinger et al., 2009; 

Saremi & Stenfelt, 2011). Neither the CI, nor the hearing aid can restore hearing to normal 

level, but where the CI bypasses a damaged inner ear, the purpose of the hearing aid is to 

amplify and adapt the auditory signal so that it can be perceived through an ear with a 

conductive hearing loss, or a sensori-neural hearing loss less severe than that which needs 

treatment with CI (Arlinger et al., 2009). The possibility to use advanced digital signal 

processing in small processing units has meant vast improvements in the help that patients 

receive. With digital amplification and signal processing in the hearing aid the signal can be 

better adapted to make sound audible to the person with HI (Ng et al., 2013). The problems 

which digital processing techniques aim to relieve are smearing (the blending together of 

sounds that occur close together in time, frequency, and loudness), poor temporal 

resolution, and hyper-acusis (over-sensitivity to noise), all of which occur as a result of the 

malfunction of the outer and inner hair cells of the cochlea. However, even though there 

has been progress, the issues have not yet been entirely solved. Also, advanced signal 

processing causes artifacts to the signal, such as distortions of the sound, and is not 

beneficial for outcome in terms of for example speech comprehension in all individuals with 

hearing impairment (Ng et al., 2013; Arlinger et al., 2009). It appears that the cognitive 

prerequisites of an individual matters in what kind of hearing aid and signal processing will 
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be most useful and beneficial for treating her/his hearing impairment (Arlinger et al., 2009; 

Rudner et al., 2011). 

Treatment with a cochlear implant (CI) is applied when there is a lack, or malfunction, of the 

hair cells in the cochlea so severe that an amplified and processed auditory signal through 

hearing aids gives little or no benefit to the patient (Lyxell et al., 2013). The following 

description of the device and functions of the CI are based on information from the NIDCD 

Fact Sheet on CI from the U.S. department on Health and Human Services, the Institute on 

Deafness and other Communication Disorders (NIH Publication No. 11-4798, 2011). 

A CI consists of two parts, of which the outer part is a signal processor but also contains a 

signal transmitter.  The implanted parts consist of a receiver, a sender, and an electrode 

array which is surgically inserted into the cochlea, where it stimulates the spiral ganglion 

cells. The frequency resolution with a CI is very low compared to that of a normal ear, or 

even to that of hearing with a hearing aid, since there is only a maximum of 24 channels 

available in comparison to the 17000 outer and inner hair cells in a healthy inner ear. Also, 

even though the necessary signal processing is done as fast as possible, individuals who 

listen through a processor will be subjected to a small lag compared to those with normal 

hearing. Despite these limitations, the auditory stimuli provided by a CI is sufficient to 

sustain development of the cognitive abilities associated with auditory processing, and the 

more complex skills relying on hearing, such as spoken language. 

When the possibility of treatment of deafness with CI started to reach clinical practice it was 

not uncontroversial, and there were many protests against the implantation of deaf children 

(Gonsoulin, 2001). The antagonists of CI pointed, among other things, to the risks of the 

surgery, the risk of the hearing not being good enough for sufficient speech learning, though 

at the same time there would be no learning of sign language (as all focus would be on 

hearing), as well as to the fact that in case of malfunction of the implant the individual 

would become deaf, without access to a functional mode of communication (Gonsoulin, 

2001; Mauldin, 2013). The argumentation for and against CI also revolved around the issue 

of how deafness was (and is) viewed by the hearing society (Iversen, 2011). Parts of the 

Deaf community reacted strongly against the conception of deafness being a disability that 

should be ‘fixed’ by medical treatment (surgery), refuting this medical model of deafness 

(Iversen, 2011). Debate was extremely polarized during the late 1990’s, but as the situation 

is today, those opposing cochlear implants have had to reach a gradual acceptance of the 

treatment. Partly, this is because 95% of the children born with deafness are born to 

parents with normal hearing, who lack both knowledge in sign language and contact with 

the Deaf community and therefore choose a CI (Nakeva Von Mentzer, 2014). Also, the 

development of implants and rehabilitative services have continued and proven increasingly 

successful for development of hearing and spoken language, thus making it a 

comprehensible option for a majority (Mauldin, 2013; Nakeva Von Mentzer, 2014). 
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For individuals with USH the improvements and continuing development of hearing aids and 

CIs have been, and are, beneficial for the rehabilitation of their hearing. If the hearing loss in 

USH was not treated, the DB would become more severe, potentially leading to higher 

degrees of communicative difficulties, exclusion from social contexts, and also higher levels 

of insecurity, as important auditory information from the environment would be missing 

(e.g., cars on the street, shouting, etc.). The profound deafness in children with USH1 is 

diagnosed during infancy today and can hence be treated with a CI, giving access to the 

sounds of the environment as well as to spoken language. Likewise, the more advanced 

hearing aids and additional technical aids associated with them (for example, telecoils and 

FM-systems; radio communication units specifically designed for hearing aid reinforcement) 

can be assumed to be of great use for most individuals with USH2 in maintaining access to 

and use of spoken language for communication, and for accessing auditory information. 

Central Concepts 

The present thesis contains concepts adherent to several research fields, such as medicine, 

molecular biology and genetics, and cognitive hearing science. The concepts most central to 

the thesis will be explained under separate headings below, however, as the thesis aims to 

describe cognitive functioning the cognitive theories and concepts applied are given more 

space. 

Cognitive psychology encompasses the human thought processes, such as decision making, 

logical reasoning, remembering and memory, communication, and reading (Eysenck & 

Keane, 2003). Each of these concepts could be considered to be composite cognitive skills, 

consisting of sets of basic cognitive skills that need to interact in a seamless manner in order 

for the complex function to run smoothly. For example, the ELU-model by Rönnberg et al. 

(2013) represents an attempt to describe the cognitive skills required, and in what fashion 

they work together, in order to achieve speech comprehension. Cognitive abilities develop 

during childhood, in interaction with the stimuli experienced and the prerequisites of the 

individual. Most skills continue to be refined over the adult lifespan (Berk, 2009), although 

with ageing comes an age-related decline. The basic cognitive abilities and skills are typically 

aimed at processing sensory input (Eysenck & Keane, 2003). As has been described above; 

should the source of input be limited or lacking, such as in the case of hearing impairment or 

profound deafness or blindness, these basic abilities may not develop in the typical way. 

Throughout this work the focus is on phonological skills, lexical skills, and working memory, 

considered to be basic cognitive abilities dependent on hearing, and in specific instances on 

vision, in order to develop to their full potential and capacity. These three basic cognitive 

skills underpin several more complex abilities, such as spoken language (Alloway et al., 

2004; Engel de Abreu et al., 2011), reading (Lundberg, 2009), and theory of mind (ToM) 

(Schick et al., 2007). There is extremely little previous knowledge on how these cognitive 

skills would develop or be expressed by populations with deafblindess. The assumption, 

based on the findings of the impact that hearing impairment and visual impairment, 
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respectively, have on cognitive development, would however be that deafblindess also 

affects the development of cognitive abilities. 

Phonological skills 

Phonological skills are, in this work, defined as the set of cognitive abilities dealing with the 

storage and processing of speech sounds (cf., Nakeva von Mentzer et al., 2013; Lyxell et al, 

2009; Löfkvist et al., 2014). The concept as it is applied here does not encompass the 

processes that generate phonological output, but attempts to limit the application to the 

cognitive processes resulting in successful decoding of a speech signal into its separate 

sounds, similar to the definition used by Wass (2009). The phonological skills of spoken 

language are dependent on auditory stimulation in order to develop in a typical way (Boets, 

Wouters, van Wieringen, De Smedt, & Ghesquière, 2008; Lazard et al., 2012). As previously 

stated, the ear is fully developed already at the third trimester of pregnancy, making hearing 

one of the earliest developed senses (e.g., Berk, 2009; Mampe, Friederici, Christophe, & 

Wermke, 2009). Infants are able to perceive and discriminate between most of the 

phonemes used in natural languages, but as language experience accumulates, the ability to 

discriminate narrows during the first year of life, and instead the child becomes more 

sensitive to the salient phonological aspects of her/his primary language (Doucet et al., 

2006). The ability to identify speech sounds is highly important for language development 

and is at the foundation of spoken language development (Marchman & Fernald, 2008). In 

typically developing individuals the speech sounds will form an inner library of long term 

memory representations to which incoming sequences can be matched (Alt & Suddarth, 

2012; Goldrick & Rapp, 2007). These long term memory representations can, among other 

things, then be used to relieve the phonological storage component of working memory and 

release capacity for other tasks (Baddeley, 2003; Baddeley, 2012; Rönnberg et al., 2010). As 

more and more speech sounds can be matched to their representations, the identification 

of words becomes easier, and more capacity for understanding and learning their meaning 

becomes available (Löfkvist et al., 2014). 

However, if there is a hearing impairment the access to speech sounds is restricted, and 

separation and identification of them is likely to be more difficult. Thus, building stable 

phonological representations may take longer than for an individual with normal hearing 

(e.g., Alt & Suddarth, 2012; Briscoe, Bishop, & Norbury, 2001; Lyxell et al., 2013). Research 

on children with HI+HA and on children with CI has demonstrated that a higher degree of 

experience of words, and a generally higher degree of stimulation, is needed in order for 

these groups of children to acquire stable and exact phonological representations (e.g., Alt 

& Suddarth, 2012; Briscoe, Bishop, & Norbury, 2001; Lyxell et al., 2013). Regarding children 

with CI, age at implantation is also a highly important factor for the development of 

phonological skills, and earlier implantation has generally been found to be more beneficial 

for development of spoken language skills rather than later implantation (Peterson et al., 

2010; Nicholas & Geers, 2007). Children implanted at or above the age of 4-5 years typically 

display a delayed or deviant development of phonological skills (Peterson et al., 2010; 
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Nicholas & Geers, 2007; Geers et al., 2008). As stated previously, the brain adapts to the 

amount and quality of stimuli it receives, and indeed, there are several findings of cross-

modal reorganization of the brain of children with an age of implantation above 4-5 years 

(Kral & Eggermont, 2007; Kral & Sharma, 2012; Sharma et al., 2009). The studies by Sharma 

et al. (2009), Kral and Sharma (2012), and Kral and Eggermont (2007) also demonstrate that 

implantation before the age of 2 years seems to be sufficient in order for the brain to 

develop an auditory response pattern that is typical. The research by, for example, Lyxell et 

al. (2009), Asker-Arnason et al.  (2010), Nakeva von Mentzer et al. (2013), Löfkvist et al. 

(2014), and Nicholas and Geers (2007) on children with deafness but no other co-existing 

disability also indicates that children who had early implantation, that is, before the age of 2 

years, are more likely to develop language skills to a level similar to that of their peers with 

NH. There are also findings demonstrating that phonological skills may deteriorate over time 

in adults with long duration of hearing loss (Andersson, 2001; Classon et al., 2013; Lazard et 

al., 2012), indicating that continuous stimulation and access to speech sound is necessary in 

order to maintain these skills. 

The term phonological processing is also used throughout the thesis to denote essentially 

the same concept as phonological skills. However, phonological processing can be 

considered as evoking the cognitive perspective more strongly than the term ‘phonological 

skills’. The concept ‘phonological processing’ is typically applied in studies with an explicit 

focus on the memory processes in speech perception and/or comprehension (e.g., Rudner, 

Rönnberg, & Lunner, 2011; Rönnberg, Rudner, Lunner, & Zekveld, 2010; Santos, Bueno, & 

Gathercole, 2006). 

Phonological skills are typically measured by tasks taxing the ability to discriminate 

between, or match, or manipulate speech sounds (Briscoe et al., 2001; Furnes & 

Samuelsson, 2011). In a discrimination task, the object is to identify whether pairs of words 

are identical, or whether a word includes a specific sound or not (Gathercole et al., 2006; 

Jacquemot et al., 2006). When the goal is to match speech sound the task would, for 

example, be to identify rhymes or syllables in pairs of words (Alt & Suddarth, 2012; 

Blaiklock, 2004). Finally, in a manipulation task, the problem to solve could be to blend or 

rearrange syllables in a word, thus creating another word consisting of the same 

syllables/sounds but in a different order (Høien et al., 1995; Nakeva von Mentzer et al., 

2013). The task could also be to remove a specific syllable or section of the word. 

Manipulation tasks are typically presented in audio, and the answer is commonly oral, as 

presenting the word in written form would tax other skills (Nakeva von Mentzer et al., 2013; 

Briscoe et al., 2001). When oral answers are given, the quality of phonological output 

becomes a confounding factor, and hence scoring needs to be done carefully and with 

consideration to the participant’s typical pronunciation, dialect, or speech impediment 

(Archibald & Gathercole, 2006). Atypical phonological output is relatively common in 

individuals with pre-lingual hearing loss (Vallar et al., 1997; Archibald & Gathercole, 2006).  
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In order to avoid another confounding factor, i.e., language competency, when testing 

phonological skills, non-words or one syllable speech sounds are typically used. Real words 

activate more cognitive processes than non-words, such as, lexical and semantic processes. 

Hence, a real word is easier to identify, remember, and recall, as it activates long term 

memory representations of the concept it represents (Baddeley, 2012; Baddeley, 2003; 

Engel de Abreu et al., 2011) . 

Since phonological skills are so intimately connected to hearing, the impact of visual 

impairment or blindness on the development and maintenance of the skills can be expected 

to be very limited. However, there is one way in which blindness could potentially impact 

phonological skills, and it is via reading (Dodd & Conn, 2000; Greaney & Reason, 1999). This 

will be discussed further on, under the heading ‘Reading skill’. 

Lexical skills 

Lexical access is one aspect of lexical skills and refers to the processes dealing with the 

retrieval of the meaning of words and concepts. Lederberg, Schick, and Spencer (2013) as 

well as Rönnberg, Rudner, Lunner, and Zekveld, (2010) describe lexical processes as 

intertwined with the phonological. Both types of processes are necessary, and need to run 

efficiently, in the highly automatized process of speech comprehension. When the 

automatized process breaks down, due to a mishearing or to lack of knowledge of a specific 

word, intentional and specific processing, which occupies working memory capacity, is 

needed in order to disentangle the message (Rönnberg et al., 2013). Fast lexical access is an 

indication of an automatized process that develops during language acquisition in 

individuals with typical hearing (Spencer & Tomblin, 2009). 

Lexical access more specifically refers to the retrieval of language representations and 

semantic information from long-term memory (Gaskell & Marslen-Wilson, 2002). In other 

words, lexical access is the term for the process of retrieving the memory representation of 

a word’s meaning. For example, the word ‘cat’ evokes the semantic knowledge 

representations of a furry animal with pointed ears, a tail, whiskers and claws, that doesn’t 

get along with dogs. The process runs in the other direction when we are engaged in speech 

production (Goldrick & Rapp, 2007) and also, if we see the animal, the word ‘cat’ 

automatically springs to mind. Occasionally, these automatic and non-reflective processes 

fail, as is the case in the tip-of-the-tongue phenomenon, when a word of which we have 

perfect understanding and knowledge suddenly slips out of mind when it is needed (Shafto 

et al., 2007). This phenomenon can be partly explained by poor connection between the 

semantic and the phonological representations of the word (Shafto et al., 2007). 

As previously stated, phonological skills, and in particular phonological working memory, are 

very influential on vocabulary development (Engel de Abreu et al., 2011; Baddeley, 2003; 

Gathercole, 2006). However, the relationship between vocabulary and phonological skills 

becomes more reciprocal as vocabulary increases, and typically at about three to five years 

of age, the process of retrieval becomes automatic requiring no conscious effort 
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(Gathercole, 2006). An extensive vocabulary with efficient lexical access facilitates speech 

comprehension and makes it possible to predict the next concept/word from the context of 

the conversation (Moore et al., 2008; Jacquemot & Scott, 2006). If the upcoming word then 

is a novel one, phonological processing is available and the word can more easily be learnt 

and remembered. 

In children with HI or with CI development of lexical skills can be deviant or delayed (Lyxell 

et al., 2009; Nakeva von Mentzer et al., 2013). Lyxell et al. (2009) found that children with CI 

had equal performance with regard to accuracy, but they used a significantly longer time to 

retrieve the word than children with normal hearing. Löfkvist (2014) found children with CI 

to perform better on expressive, rather than receptive, language tests, which is opposite to 

how children with NH perform. This could be an indication of less robust semantic 

knowledge (e.g., vocabulary) in children with CI. Thinking of the cascading effects of 

auditory stimulation, it seems clear that lexical skill would be impacted as a consequence of 

the delayed or deviant development of phonological skill. However, in what specific ways, to 

what extent, and what other factors that are also influential in the development of lexical 

skills are not yet completely understood (Löfkvist et al., 2014). 

There has not been any extensive research on the impact of visual impairment on lexical 

access, but, as in the case of development of phonological skills, the impact would probably 

be minor, because the auditory mode is what is central to these skills, too. 

Working Memory 

The theoretical conceptualization of working memory (WM) applied in this thesis is the 

revised component model, originally created by Baddeley and Hitch in 1974 (Baddeley, 

2012). The model describes the system of cognitive processes dealing with the current 

situation. WM is a memory system with limited capacity for storage and processing of 

information over a short period of time (Baddeley, 2012). This memory system is highly 

important to our functioning, and individuals with impaired WM typically display difficulties 

with planning, organization and execution of a number of different everyday tasks (e.g., 

Baddeley, 2012; Chan, Shum, Toulopoulou, & Chen, 2008). There are models of WM stating 

that the cognitive resources of WM dealing with processing and storage of information are 

independent and domain-specific, which would mean that visuo-spatial information would 

not compete with auditory for processing or storage (Conway et al., 2007). However, in the 

component model of WM applied in the present thesis, there are two multi-modal 

components of WM and, hence, auditory and visual information compete for the resources 

of these units (Baddeley, 2012; Baddeley, 2003). If there is a deficiency in one of these 

multi-modal components, it will cause evident problems in everyday situations (Baddeley, 

2012; Baddeley, 2003). Impairments in isolated components of WM, such as the visuo-

spatial or phonological loop, are likely to give rise to more subtle difficulties. This view on 

the cognitive resources of WM can be considered as domain-general, which implies that, in 

a dual task situation, there has to be a trade-off between processing and storage (Maehara 

& Saito, 2007; Baddeley, 2012; Conway et al., 2007). Thus, in case of a heavy processing 
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load, there will be less resources available for storage, regardless of what modality the 

information that needs processing or storage is in. For example, the learning of a novel word 

might not occur for a person with hearing impairment, even if heard perfectly, if the word 

occurs in a film at the cinema. The cognitive capacity of WM could in such a situation 

already be occupied with processing all the visual stimuli, keeping track of the plot of the 

film, and disentangling the conversation between the characters. Possibly, if the person had 

not been watching the film but just listening to the sound track, there would have been 

enough capacity in order to attend to a novel word, so as to form the necessary mental 

representations of it and also remember it.  

As the Figure 2 (below) of the component model displays, there are four WM components, 

and several pathways to long term memory (both to episodic and semantic long term 

memory) (Baddeley, 2012). The central executive and the episodic buffer deal with 

multimodal input, while the phonological loop and the visuo-spatial loop deal with auditory, 

visual and spatial information, respectively (Baddeley, 2003; Baddeley, 2012). The central 

executive monitors all processes within WM, and controls the distribution of cognitive 

resources in the sub-systems responsible for storage of visual/spatial and auditory 

information, respectively, as well as retrieval of long term memory representations 

(Baddeley, 2012). 

The functions of the episodic buffer are primarily to bind the information from the 

phonological loop and the visuo-spatial loop together, and to retrieve and match this 

information with long term memory representations (Baddeley, 2012; Rönnberg et al., 

2010). These functions are highly important, as access to previous knowledge, such as long-

term memory representations of both speech and visual imagery, is necessary in order to 

solve the task of understanding the situation at hand, and deciding on action. According to 

the ELU-model developed by Rudner et al. (2011) and Rönnberg et al. (2010), speech 

understanding is achieved in the episodic buffer by the rapid, automatized binding of speech 

sounds to their long-term memory representations, and then of the recognized words to 

their semantical representation (their meaning). This rapid, automatized process requires 

little cognitive resources, but should the process be disturbed, for instance, by poor input 

signal or by distraction, then explicit processing, which demands resources, kicks in 

(Rönnberg et al., 2010). 
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Figure 2: The component model of Working Memory (Baddeley, 2012) 

Of specific interest to the present work is the phonological loop, which in turn contains two 

components, a rehearsal component, which deals only with repeating and refreshing the 

information in the other, the storage component of the phonological loop (Baddeley, 2012). 

The term phonological working memory is specifically used when referring to the process of 

temporary storage and (inner) rehearsal of speech sounds, as is done when listening to and 

then repeating series of one-syllable non-words. The phonological loop is highly important 

in children when learning spoken language, as it is crucial in the building of vocabulary (Alt & 

Suddarth, 2012; Baddeley, 2003; Gathercole, 2006; Marchman & Fernald, 2008). There are 

examples of individuals lacking the phonological loop due to brain damage, who are unable 

to learn the new vocabulary of a foreign language, as they are not able to store and form 

representations of the novel sound combinations (Baddeley, 2003). 

Children with severe or profound congenital hearing impairment aided with HA or CI 

typically display limited phonological WM, while visuo-spatial and complex WM develop to 

the same capacity as in children with NH (Gathercole, 2006; Lyxell et al., 2013; Peterson et 

al., 2010). A limited phonological WM may, as explained above, impact development of 

vocabulary as well as other language skills, such as speech comprehension. Similarly, the 

development of the visuo-spatial component should be impacted by a severe visual 

impairment present at birth or acquired early (Bonino et al., 2008; Vecchi et al., 2004b). 

However, in this case the visuo-spatial component develops to store and process spatial 

information and the individual’s inner imagery of such stimuli, and display a similar capacity 

as that found in sighted individuals (Bonino et al., 2008; Vecchi et al., 2004a). 

Reading skill 

Reading skill is a composite cognitive skill, consisting of the parallel processes decoding and 

comprehension, which in beginning readers with normal hearing relies heavily on 

phonological processes. In many languages, speech is translated to visual code by combining 

symbols (letters) of the individual speech sounds into sequences representing words 

(Lundberg, 2009; Welcome & Joanisse, 2012).  Because of this nature of texts in western 
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societies, a typical method of teaching reading is to emphasize the phonological aspects 

(Lundberg, 2009). Thus, a common method of reading instruction begins with teaching of 

the alphabet and establishing phoneme-grapheme connections (speech sounds to their 

letters), and then move on to instruct on how sequences of letters form words (McGeown, 

Johnston, & Medford, 2012; Nakeva Von Mentzer, 2014). However, there are other 

strategies in teaching reading, for instance, by training broader phonological skills such as 

rhyming and blending, and instructions guiding the beginning reader to more pragmatic 

aspects of text, such as word shapes, rather than focusing on phonological decoding 

(McGeown et al., 2012; Thompson et al., 2009). McGeown et al. (2012), and Thompson et 

al. (2009) found that different cognitive skills underpinned reading skill, depending on what 

type of instruction the reader had received. 

Another factor which indirectly can influence reading ability, is impairments in hearing 

(Dillon et al., 2012; Lyxell et al., 2009) or vision (Greaney & Reason, 1999; Pring, 1994). 

Learning to read requires an understanding that speech sounds are separate from words 

and can be structured into infinite combinations (thus forming all words), and that letters 

and text are representations of language (Nakeva Von Mentzer, 2014). Phonological skills 

are, therefore, often found to be a strong predictor of reading skill (e.g., Cutting & 

Scarborough, 2006; Lederberg et al., 2013; Lundberg, 2009). However, the findings by Wass 

(2009), Nakeva von Mentzer (2014), Dillon et al. (2012), and Geers et al. (2008) indicate that 

it is not unusual for children with CI in the initial stages of reading acquisition (i.e., in the 

ages between 6 – 9 years) to display similar level of reading comprehension as children with 

NH, despite displaying poor performance on tasks of phonological processing. 

Greaney and Reason (1999) found that children with congenital blindness, who read using 

the tactile script Braille, displayed better phonological processing than a control group of 

sighted peers. Despite this, the participating children with blindness displayed poorer 

reading skill. The findings by Dodd and Conn (2000) were similar with regard to reading 

comprenhension and decoding in a group of children with blindness. The results from both 

studies highlight that the poorer reading skills could be due to the complexity of Braille, 

which contains both symbols for individual speech sounds and contractions of common 

letter combinations (e.g., ‘THE’, ‘AND’) (Dodd & Conn, 2000; Pring, 1994). Also, the two by 

three matrix with its miniscule bumps has less salient cues than printed letter, it has to be 

perceived through a less sensitive sense than vision, and the braille symbols are thus easier 

to confuse with each other (Dodd & Conn, 2000; Greaney & Reason, 1999). 

Since individuals with hearing impairment often have difficulties with identification and 

separation of the smaller phonological units, establishing the grapheme-phoneme (letter to 

sound) connection can be challenging, and require more effort than for individuals with 

normal hearing (Nakeva Von Mentzer, 2014). Several studies, for example by Lederberg et 

al. (2013) and Hermans et al. (2008), have found reading skills to be poor in individuals with 

profound deafness. This finding is commonly attributed to the fact that individuals with 

deafness cannot access the phonology of spoken language, but have to rely on an abstract 
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understanding of it (Hermans et al., 2008). Also, as sign languages are separate languages 

from the spoken languages surrounding them, and text is a visual representation of the 

latter, learning to read often means learning a new language for individuals with profound 

deafness. However, high level of proficiency in sign language, and good skills in sign 

language phonology, are predictors of reading skill (Hermans et al., 2008). 

As experience in reading accumulates, the reliance on phonological processes declines in 

the typical reading development (Lundberg, 2009). There are also studies finding that 

reading in itself improves phonological skill (Blaiklock, 2004). For instance, children who 

have learnt to read can perform a task of word segmentation (being able to identify and 

repeat the separate speech sounds that a word consists of), while children with no reading 

ability perform poorly on segmentation tasks (Blaiklock, 2004). There is an interplay in the 

development and refinement of cognitive skills underpinning spoken language and reading 

so that practicing reading for instance leads to an increase in vocabulary, as well as 

knowledge of what the acquired words look like in print, and this in turns speeds up the 

reading process (Aguiar & Brady, 1991; Verhoeven & Perfetti, 2011). It is, however, possible 

to be a skilled decoder of text, without being particularly good at understanding the 

message (Torppa et al., 2007), while others might be good at understanding the gist of a 

paragraph though not being that skilled decoders of words. Both these components: 

decoding and comprehension, are necessary in order to make reading effortless and 

enjoyable (Lundberg, 2009; Welcome & Joanisse, 2012). Hence, in the present thesis both 

aspects of reading have been examined.  

Society of today is often called ‘the information society’, and the dissemination of all this 

information relies heavily on the citizens’ ability to read. But more than being informational, 

reading gives access to fictional worlds, to characters’ minds, feelings, and lines of 

reasoning. There is accumulating research describing how reading helps develop language 

skills (Hermans et al., 2008; Verhoeven & Perfetti, 2011), and the ability to understand the 

thinking and emotions of other persons (Kidd & Castano, 2013; Mar et al., 2006). This latter 

ability is central in theory of mind. 

Theory of Mind (ToM) 

Theory of Mind (ToM) is highly complex, and dependent on several other complex cognitive 

skills, such as executive functions (Müller, Liebermann-Finestone, Carpendale, Hammond, & 

Bibok, 2012), language proficiency (Slade, 2005), and social cognition (Garfield et al., 2001). 

Social cognition is a broad concept used to describe the processing, storage, and application 

of information about other people and social situations, focusing on the role that cognitive 

processes play in social interactions (Garfield et al., 2001). ToM is a specific, and rather 

abstract, feature of social cognition, and denotes the ability to impute mental states to self 

and to others, as is done in order to understand the rationale of the actions and feelings of 

others (Baron-Cohen et al., 1997; Happé, 1994; Wellman et al., 2011). In other words, ToM 

is the understanding of why other people act and behave like they do, and not only 

semantic knowledge from experience of how they generally act. 
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Some early social cognitive behaviors have been described as expressions of abilities of 

specific significance for the later emergence of ToM (De Jaegher et al., 2010; Carpenter et 

al., 1998). These behaviors include gestures (with the purpose of being communicative), 

joint attention, and turn taking (Garfield et al., 2001; Carpenter et al., 1998). Deriving from 

the accounts by Garfield et al. (2001) and Carpenter et al. (1998) gestures can be considered 

as a type of basic communication and aims at directing another person’s attention toward 

something, such as a need of the gesturer (e.g., signaling ‘pick me up’ by lifting arms 

upward, toward a parent), or an external event (by pointing at an object of interest). 

Gesturing can be the first step in an interaction with joint attention, in which one person 

directs the attention (i.e., gaze) of another person toward an external event, which they 

then interact about together (Garfield et al., 2001; Carpenter et al., 1998). Studies 

investigating the amount of gesturing and turn taking in toddlers have found that these 

communicative behaviors are predictive of language development (Rowe & Goldin-

Meadow, 2009). Also, studies have repeatedly found that individuals who are poor at this 

basic communication, such as individuals with severe autism spectrum disorder, often 

display impairments in ToM (Garfield et al., 2001; White et al., 2009).  

Another group which can display delays or deviances in achieving this basic communication 

are children with sensory impairments (Garfield et al., 2001; Minter et al., 1998). Children 

with visual or hearing impairment can display delayed or deviant development of ToM 

(Garfield et al., 2001; Minter et al., 1998; Sundqvist et al., 2014). Typically, the explanation 

of the delayed or deviant development is that sensory impairment, whether auditory or 

visual, prevents the child from perceiving all information necessary to fully partake in the 

social interaction, hence missing out on much of the experiences on which development 

relies (Garfield et al., 2001). There are strong indications that individuals need ample 

opportunities to interact and socialize with others in order to develop ToM to full and 

nuanced extent (Lewis et al., 1996; Garfield et al., 2001). As stated previously, there are 

correlations between language proficiency and ToM (Schick et al., 2007; Garfield et al., 

2001; Slade, 2005). Possibly, in the case of children with sensory impairments the lack of 

experience in communication and interaction, due to the impairments, could lead to poorer 

language development, which in turn could be a causative factor in the delay of 

development of ToM. The findings by Schick et al. (2007) of equal levels of ToM in children 

with NH and spoken language as in a group of children with profound deafness in families 

fluent in American Sign Language could be seen as a clear indication of the close 

relationship between language skills and ToM. The finding by Sundqvist et al. (2014), that 

children with early CI implantation (before 2 years of age) displayed very little or no delay of 

development of ToM, can be seen as further support of this line of reasoning, as these 

children have early access to spoken language and may develop spoken language skills in a 

more typical way.  One aspect, which has not been focused in research, is whether ToM 

would decline in adults as a result of acquired, long-term sensory impairment. However, in 

the case of adults with USH2 the hearing impairment has been present since birth, but the 

visual impairment comes progressively. This situation of course poses a problem in 
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discerning whether a different level of ToM in the group could be explained by delayed or 

deviant development due to the HI, or whether it could be an effect of long-term visual loss. 

As there was no previous knowledge about ToM in the group with USH2, this was one of the 

areas explored in the present thesis. 

In sum, the views on the development of ToM could be considered to be in line with both a 

biological perspective of impairment and brain plasticity (amount and quality of stimuli 

affects the brain, and lack of stimuli has cascading effects), and a more psycho-social view, 

where the lack of interaction could be attributed to the individual’s and the surrounding’s 

inability to compensate (i.e., by applying other cognitive skills or by adapted communication 

strategies). 

ToM in adults is typically investigated only when there are indications of that the ability 

would be impaired, such as when specific regions of the brain has suffered damage, or when 

a diagnosis in the autism spectrum is suspected (Apperly et al., 2009; Jolliffe & Baron-Cohen, 

1999). Happé (1994) developed an advanced test of ToM in order to investigate and 

describe the degree of impairment in ToM displayed by a subgroup of individuals with 

autism spectrum disorder, who performed within the norms of available tests, but could not 

function typically in social situations. The Strange Stories test aims at being naturalistic, and 

resembles complex everyday social situations by embedding the ToM task in a context, such 

that induction and attribution of mental states are needed in order to answer the problem 

(Happé, 1994). The stories with ToM content require understanding of common types of 

motivations, that can lie behind utterances, and include understanding of lying, white lies, 

joking, pretending, misunderstanding, appearance/reality, sarcasm, figure of speech, double 

bluff, and contrary emotions (Happé, 1994). The test relies heavily on speech 

comprehension, however. In order to avoid misinterpretation of a person’s performance on 

ToM, there is a set of stories with equivalent complexity, but without the ToM content. 

Should the participant perform poorly on the stories without ToM content, then language 

skills could be an issue, and performance on the ToM-stories needs to be interpreted with 

care. A common pattern of performance in individuals with autism spectrum disorder is 

performance at level with individuals without the diagnosis on the stories without ToM-

content, while performing significantly below on the ToM-stories in terms of poorly 

motivated answers, which do not reflect the mental states of the story’s characters (Happé, 

1994; Baron-Cohen et al., 1997; White et al., 2009).  
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The Empirical Studies 

General Aims 

Increased knowledge about cognitive performance in individuals with the combination of 

visual and hearing loss, and specifically in the group with USH, could be useful in the design 

of rehabilitation services and interventions. There are some established rehabilitative 

services for persons with deafblindness in Sweden. However, these organizations have long 

been aware that the interventions and services they offer, regarding for example 

communication strategies, are based on clinical experience and typically not on 

systematized, empirical research findings. Research, such as the present, represents an 

attempt to describe the group in a systematized way, and to generate empirical findings on 

which fine-tuned interventions can be built. 

Thus, an overarching aim of the thesis was to investigate the impact of the development of 

combined visual and hearing loss, deafblindness, on cognitive performance. In order to 

study this, a specific diagnosis causing deafblindness was selected, and children as well as 

adults with Usher Syndrome were included in the research. There were several reasons for 

investigating the impact of deafblindness through USH. Primarily, this syndrome is well 

researched with respect to other aspects than cognitive, such as genetic (i.e., Cremers et al., 

2007; Kremer et al., 2006) and medical (Sadeghi et al., 2004a; Sadeghi et al., 2004b; Möller, 

2007) conditions. Findings by, for example, Boëda et al. (2002), and Kremer et al. (2006), 

point in the direction of that the expression of the USH mutations are isolated to the 

functions of the ear and the eye, indicating that if the group would perform differently on 

cognitive measures, this would likely be an effect of the sensory losses. 

Specific Aims 

To describe level and expression of the specified cognitive abilities in individuals with Usher 

syndrome type 1 and 2, in order to begin the development of new knowledge in this area, 

the studies of the thesis aimed to develop knowledge through the following specified 

objectives: 

 To examine the level of development of phonological and lexical skills, and working 

memory capacity (WMC), in a population of children with Usher type 1 using CI 

(Study I). 

 To explore and describe reading ability in five children with USH1+CI in comparison 

to three control groups: children with normal hearing (NH), children with hearing 

impairment and hearing aids (HI+HA), and children with other type of deafness and 

CI (Other CI). Also, the relationships between reading ability, WM, and phonological 

and lexical skills were described in the individual children with USH1+CI, in order to 

further explore strategies underlying reading skill (Study II). 

 To investigate working memory, phonological skills, lexical skills, and reading 

comprehension, and to compare the performance of the group of adults with USH2 

to that of a matched control group with normal hearing and vision (Study III). 
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 To investigate ToM in two groups of adults with deafblindness: one with USH2 and 

another with AS (Study IV). 

Method 

Methodological Challenges and Considerations 

Ethical considerations 

Usher syndrome is a rare condition, and as Sweden is a country with a relatively small 

population the consequence is that the total group of individuals known to have USH in 

Sweden is only about 700 persons (Socialstyrelsen, 2014). A limited and distinct population 

presents several ethical problems for researchers. One issue is the conflict between the 

need to publish information on participants in order to increase interpretation and 

understanding of findings, and the need to limit this information in order to protect 

individuals’ integrity. Many of the persons with USH in Sweden are active members in 

society and are well known in their communities. Commonly there is a score of health 

professionals around a person with USH, and because many individuals with USH are also 

highly motivated to help expand knowledge about the syndrome, several have contacts 

within research environments. Hence, publishing detailed information on each individual 

could potentially lead to identification of the person by people outside the research group. 

This could be particularly disagreeable if each individual were to be discussed in relation to 

her or his performance on the experimental tests. It would also be potentially disturbing and 

unpleasant for the person to be able to identify her/himself, as opportunity to discuss the 

implications and interpretations with each participant would be limited. It would also be 

slightly inappropriate in the case of the present thesis, as the tests used were not intended 

for clinical application or interpretation on an individual level. Therefore, detailed case 

studies are not suitable from an ethical point of view. The present thesis was confronted 

with these conflicts of protection of integrity, and potential access to information, 

repeatedly in the process of interpreting and publishing the findings in the different studies. 

These ethical issues were dealt with in a number of compromises between the need to 

present information, data, and interpretations, and the need to protect the integrity of the 

participants. One such compromise is the analysis of number of participants with a score 

(RT) above or below the mean or median value of the control groups, and qualitative 

analyses of whether or not there existed a pattern in the participants’ performances (i.e., 

Study II and III where it is investigated whether individuals with low scores on reading also 

performed poorly on phonological measures). Another solution was to present the 

demographic data on group level as much as possible when it concerned the adults. 

Unfortunately, this was not a useful way to present the demographics on the children with 

USH1, and instead the amount of demographic information presented was as limited as 

possible for each participant. 

Another ethical issue in performing research with a discrete population like USH is the risk 

of exploitation of the group. There might be great interest in investigating aspects of the 

population, for instance, in order to investigate the stability of developed models in a 
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variety of research areas (e.g., medicine and treatments, genetics, cognitive psychology, 

etc.), as well as in order to gain knowledge useful for the professionals working with 

individuals with USH, and for members of the group. This interest could, quite 

unintentionally, create a sense of exposure and stigmatization in the group. It could also 

lead to fatigue with continuous requests from research projects, and decrease motivation to 

participate. Thus, it is important for researchers to coordinate their projects when possible, 

so as to limit the number of occasions for data collections, to be very careful in selecting 

tests and instruments in order to maximize outcome of testing, and to limit the mental 

strain on participants. The present thesis was developed in a research group with several 

other (mutually independent) projects also investigating populations with deafblindness. As 

a result, the data collection with the adult group with USH2 could be performed jointly with 

one of these projects, and a weekend event could be created, which was appreciated by the 

participants as they got the opportunity to meet and discuss together as well as participate 

in the studies. 

Design and data collection 

The total number of potential participants meeting the inclusion criteria for the present 

thesis regarding age and primary language was quite low, and hence the two groups of 

participating children and adults represent a respectable proportion of the population 

available for participation. The limited number of available participants severely restricts the 

options of design of the study, as conventional statistical methods typically require larger 

numbers for the demands on reliability to be met. Despite this, the research is valuable and 

contributes with novel information about the group, even though the volume of data is 

slight, making generalizations difficult. As the need for more knowledge on the conditions 

for and in individuals with USH is substantial, research studies are necessary and hence have 

to deal with the methodological issues that are inherent in research with small groups. 

When presenting participants to a number of cognitive tests in one session, there have to be 

tradeoffs and compromises, or the test session would be too demanding, which would 

compromise the quality of data. In the case of the children the research question focused on 

one composite skill, namely reading, using two tests to examine this skill. Children in general 

have less endurance with cognitive tasks than adults, and hence greater care has to be 

taken in choosing what tasks to include during a session. During the test sessions of the 

studies in the present thesis, the participants with HI really strained themselves in order to 

deal with tasks specifically difficult for them, as a majority of the tests dealt with language 

sounds. There were, of course, technological devices available to the participants for 

reinforcement of the auditory stimuli, and mentions of poor audibility were rare, though 

several of the participants voiced feeling weary after performing several tests taxing 

phonological and lexical skills. The older children might also have begun to experience some 

visual problems (e.g., poorer contrast sensitivity), and in the adult group the vast majority 

had to exert some effort in attaining all visual information necessary, thus, further adding to 

the mental load during testing. Despite these potential drains of energy, several of the adult 
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participants exclaimed that they felt less tired than they had expected to, and also 

commented that the steps taken to increase visibility of test stimuli were adequate and 

helpful.  

The number of tests of phonological skills and lexical skills was different for the children 

with USH1+CI and the adults with USH2. As previously stated, the tests rely on the same 

theoretical framework, though the tests for children are adapted to fit and display 

development of the ability, in that they can start from a more basic level of skills and have a 

wider range of tasks to fit children of different ages. Also, since the abilities are under 

development in children it is more important to capture the different aspects of 

phonological processing as it might develop differently in individuals. Hence, there were 

three tests of each set of skills, taking into account different aspects. In adults the process of 

development is stabilized to a higher degree, and a single, more extensive and demanding 

measure, such as Rhyme Judgment, can be sufficient to adequately measure an adult’s 

phonological skill. However, as spoken communication is also highly reliant on working 

memory, and, in particular, on automatic binding in the episodic buffer of sensory input to 

long-term memory representations (Rönnberg et al., 2010), a measure of phonological WM 

was also considered necessary in order to properly describe the adult groups. 

A strength of the thesis is that it focuses on individuals with a very specific disability, i.e., 

USH1 or 2. Typically, there is great heterogeneity in small populations with only one specific 

trait, such as, hearing with a CI, in common. The diagnosis of all participants with USH in the 

present thesis was well investigated and secure. In the case of the adults with USH2, they all 

had the same genetic mutation, i.e., USH2a. Even though the heterogeneity within the 

groups was quite large, on this aspect they were as homogeneous as possible. This could be 

argued to slightly increase the likelihood of the groups’ performances on the tests being 

impacted by the sensory impairments resulting from the syndrome, rather than by other, 

random factors. 

General procedure 

In all four studies, data were collected on one occasion, during which the participant 

performed a battery of cognitive tests. In order to avoid issues with feelings of insecurity or 

stress in a new situation, the children were seen either in their school or in their home, and 

if the child so whished with a parent or assistant present. The test session with the children 

lasted for 1.5–2 hours, during which short breaks were offered between each completed 

test. A longer break was taken when half of the tests had been completed. The sessions 

were held in quiet rooms with good light conditions. All the tests of phonological skills, 

lexical skills, and working memory were presented using a laptop computer. The stimuli 

were, for the most part, auditory, with recordings of a female speaker presenting words or 

non-words. The children responded either by pushing the spacebar when target stimuli had 

been identified, in which case both reaction time and accuracy were recorded, or by giving 

the answer verbally, in which case the responses were recorded for correction. The tests of 

reading skill were administered on paper. Answers were verbal and recorded for scoring, 
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which was done by students on the program of speech and language pathology, who had 

experience from their training to transcribe and correct voice recordings. The children in the 

control groups were tested under similar conditions and with the same routine as the 

children with USH1+CI (for a detailed description, see Wass, 2009). 

During a two-day event with persons with USH2 the adult participants were seen for 

sessions of two hours per person. The participants also had their audiograms taken during 

the event. The five test instructors for the sessions of cognitive testing had been trained on 

the specific tests, informed about the conditions of persons with a combination of visual 

and hearing impairment, and several of the test instructors had experiences of working with 

individuals with deafblindness. During the test sessions, aids for vision and hearing were 

available. The visual aids consisted mainly of options of different settings for the tests 

displayed on a computer, such as bigger font size, or other contrasts (background and letter 

coloring), to fit the participant. All participants with USH2 chose the highest contrast setting, 

which is orange-yellow text on black background. To reinforce auditory stimuli and the test 

instructor’s voice there were FM-systems available, as well as loudspeakers. 

The matched, adult participants with NHV were seen for testing at either the Audiological 

Research Centre in Örebro, or at the Department of Behavioral Sciences and Learning at 

Linköping University. All participants of the control group had their audiograms taken in 

order to ensure that they were indeed of normal hearing. Visual status was not checked, but 

none of the participants reported having any issues with vision. These participants also 

performed the visually displayed tests in the setting with highest contrast. 

Tests 

See table 1 for an overview of the tests used in the studies of the thesis. 

General cognitive ability 

All participating children performed the test Block Design from the Wechsler Intelligence 

Scales for Children (WISC-III). Block Design is a well-established clinical measure and has 

strong correlations with problem solving, mental flexibility, and general cognitive ability 

(Shelton et al., 2009). In order to be included for participation, performance on Block Design 

had to be within the norm value of the child’s age group. A similar test of general cognitive 

ability was not considered necessary for the adult group as all circumstances around the 

participants indicated that all would perform within the expected norm value for their age. 

However, the group of adults performed a test of visual decision-making, Physical Matching, 

as a control measure to ensure that instructions were understood and followed, and to 

familiarize participants with the test procedure.  

Verbal ability 

The adult groups performed the test of Antonyms as an indication of their verbal ability (. 

The task is to correctly identify the pairs of antonyms among the five words of each item in 

five minutes. The test has been used repeatedly for the purpose of estimating level of verbal 

ability in participants in different projects (Lyxell et al., 1996; 1998). 
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Regarding the children there was no general measure of verbal ability, but instead the 

studies aimed at describing the basic processes and skills underpinning this ability. 

Phonological skills and Phonological Working Memory 

Phonological skills in the children were measured by three tests, each designed to measure 

a different aspect of phonological skills. The tests have been developed by Wass et al. 

(2009) in accordance with the cognitive theories on phonological processing. The test Non-

word Discrimination measures the ability to discriminate between speech sounds, and the 

task was for the participant to press the space bar if the presented pair out of 16 non-words 

was identical. In order to achieve maximum score (8) on the test, the participant had to 

discriminate all pairs correctly, same and different (i.e., push when identical and not push 

space bar when pairs were different). In contrast, real words were used in the test 

Phonological Representations, in which the participant was asked to report when a familiar 

word was pronounced correctly out of several options. To make certain that the participant 

was familiar with the word s/he was shown an illustration of the word (i.e., “sofa”) and 

asked to say what was depicted. The task in Phoneme identification was to press a button if 

there was a specific language sound within the auditorily presented non-words (i.e., “is 

there an ‘r’ in ‘federur’?” or “is there an ‘s’ in ‘höntpule’?”). 

The items of the measure of phonological skill for the adults were embedded in a visually 

displayed text on a computer screen. The test has been developed by Lyxell et al. (1996) in 

accordance with cognitive theories on phonological processing. The task was to identify the 

pairs of words that rhymed, regardless of how the words were spelled or what font size was 

used. This task taxes phonological long-term representations of speech sound. 

Among the children, phonWM was measured with two tests, loading on the storage and the 

rehearsal component of phonWM. In the test Non-Word repetition participants were asked 

to repeat back non-words of increasing syllable length, thus giving opportunity to use 

suprasegmental cues as well as chunking. In Serial Recall of Non-words the task was to 

repeat back increasing series of one-syllable non-words, which taxes the storage of the 

phonological loop to a higher degree and is more sensitive to blending and intrusion. This 

test was also used among the adults to measure phonWM. The verbally repeated items 

were recorded on the test occasion and scored off-line for percent consonants correctly 

reproduced (p.corr.c). 

Lexical skills 

There were three measures of lexical skill for the children, all of which has been developed 

by Wass et al. (2009) in accordance with theories on lexical processing. In all three tests the 

target words are real words. In word-spotting the participant was asked to push a button as 

soon as s/he identified the real word among series of one-syllable non-words. In Semantic 

Decision making the participant’s task was to push a button when there was a word 

adhering to a specific, defined category (i.e., “push the button when you hear something 

that is an animal”). The task in Picture Matching was to identify the correct picture among 
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four alternatives after a word had been presented. The incorrect alternatives were 

semantically similar, phonologically similar, or unrelated. 

The lexical test for adults has been developed by Lyxell et al. (1996) in accordance with 

theories on lexical processing. The items were presented visually and the task was to push a 

button corresponding to ‘yes’ for the real words displayed, and ‘no’ when the item was not 

a word. 

Working memory 

The measures used with the participating children and adults were based on the same 

theoretical construct and resemble each other. Both tests contain a part where the 

presented material has to be processed, and then stored, in order for the task to be 

completed. For children the items were presented in auditory modality, and the first task 

was to complete each sentence. The number of sentences in each sequence increased from 

two up to five, and after each sequence was completed, the target task was to recall the 

words that had been filled in. For adults, the test was presented as text on screen and 

instead of completing sentences, the task was to judge whether each sentence of three 

words was semantically bizarre or not. The participant did not know beforehand whether 

she or he would be asked to recall the first or last words of the sentences in the latest 

sequence. The sequence length began at two and increased up to seven. Participants were 

allowed to discontinue at any time, and the test was aborted if the participant failed to 

recall the words of a sequence on the two attempts offered at that level. 

The children also performed a test of visuo-spatial WM, in order to have a measure 

independent of auditory processing and verbal ability. In the test Matrices a matrix of 5x5 

squares of grey color were displayed on a computer screen. During the test, a set number of 

squares turned black for a short period of time, after which they went back to grey. The task 

was for the participant to click on the squares that momentarily had turned black. The 

number of black squares started at two, and increased every third trial up to eight. The test 

was aborted if the participant failed on two of the three attempts of a task. 

Reading skill 

The children performed a test of decoding skill, i.e., Towre. The test consists of two lists of 

non-words and two lists or real words. The test has been used in many research projects, 

but has not been evaluated for Swedish conditions; it also has some issues, as the lists are 

not very balanced with regard to number of weirdly spelled sounds and combined sounds. 

However, the test gives a reasonable indication of the efficiency of decoding, and can be 

further analyzed to give insights on strategies (Furnes & Samuelsson, 2011). 

Different tests were used for measuring reading comprehension. The children were tested 

with Woodcock reading test, in which the task is to complete sentences of increasing 

complexity, while the adults performed the Gates MacGinitie test of reading 

comprehension. The adults read paragraphs of increasing length and complexity, and then 

responded to multiple questions about the explicit or implicit content of the text. 
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Theory of Mind 

The Strange Stories test developed by Happé (1994) was performed only by the adult 

participants. There are three parts to the test and these parts measure different aspects of 

cognitive abilities. The Jumbled Sentences measure participants’ ability to store and recall 

verbal information. The Physical Stories measure participants’ verbal reasoning skills on a 

problem of logical type. The stories with ToM content measure participants’ ability to 

understand social content and understand the motives, rationales and feelings behind other 

persons’ behavior.
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Measures 

Hearing impairment is in this work defined in accordance with WHO guidelines in which HI is 

measured as the best ear pure tone average hearing over four frequencies (PTA4): 500 Hz, 

1000 Hz, 2000 Hz, and 4000 Hz. The WHO guidelines state four grades of HI: 1 = mild, PTA4 

26–40 dBHL; 2 = moderate, PTA4 41–60 dBHL; 3 = severe, 61–80 dBHL; and 4 = profound, 

PTA4 > 81 dBHL. Throughout this thesis degree of hearing impairment will be reported 

either using the WHO scale, or by presenting the actual PTA4 value. 

Visual acuity is measured according to common standards by using Snellen charts. They are 

reported in the decimal scale, where a value of 1-0.6 is considered normal vision, and 0.05 

indicates functional blindness. The visual field of the adult participants with USH2 and AS, 

respectively, is reported as kinetic visual field data (Goldman perimetry). A classification 

by Grover (1997) was used where the visual field data were categorized into one of five field 

phenotypes: 

Phenotype 1: normal visual field 

Phenotype 2: presence of a partial or complete ring scotoma, the latter either extending or 

not extending into periphery.  

Phenotype 3: Concentric central field loss with a remaining peripheral island, less than one-

half of the field circumference 

Phenotype 4: Marked concentric loss (< 10 degrees) 

Phenotype 5: no visual field at all (blind). 

Participants 

The Swedish database (managed by the Audiological Research Centre of Örebro University 

Hospital) on persons with Usher syndrome was used in order to locate potential participants 

for the studies in this thesis.  Each person in the database has given written consent to the 

information about them being stored there, that it is used in research, and to being 

contacted about participation in studies via the database. Recruitment was done on two 

separate occasions; in order to recruit children with USH1+CI for participation in Studies I 

and II, and when adult participants with USH2 where recruited for participation in Studies III 

and IV. Potential participants with USH1 and their parents were also contacted through the 

interest organization Barnplantorna, for families with children with cochlear implants or 

hearing aids. Information about the participants’ visual and hearing status was retrieved 

from the database. 

Letters of information directed to both the parents and the children were sent to all 

individuals with USH1+CI in the database in the age-range 7–16 years. Six children with 

USH1+CI agreed to participate, with their parents’ consent, and the data for a seventh child 

were retrieved from a data collection done by Wass (2009) using the same tests and 

methods as in the present thesis. Demographic data on the children with USH1+CI can be 

found in table 2. 
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Table 2: Demographics of the participants with Usher syndrome type 1. 

Participant Age (y:mo) Age at 1st 

CI 

Age at 2nd 

CI 

Language Bilateral 

1 7:6 20 months 22 months Spoken Sw. Yes 

2 8:0 18 months 30 months Spoken Sw. Yes 

3 8:1 12 months 30 months Spoken Sw. Yes 

4 8:10 9,5 months 18 months Spoken Sw. Yes 

5 12:4 39 months - Sign 

supported 

Sw. 

No 

6 12:11 32 months 8,5 years Spoken Sw. Yes 

7 15:11 4 years 12 years SSL/spoken 

Sw. 

Yes 

SSL: Swedish Sign Language 

The performance of the children with USH1+CI was put in relation to that of three control 

groups. Except for the data from 10 children with normal hearing (NH), which were 

collected by me, all data on control groups had been collected in a previous research project 

by Wass (2009). The groups consisted of children with NH in the ages 7–12 years, children 

with hearing impairment and hearing aids (HI+HA) in the ages of 7–12 years, and children 

with deafness, due to other causes than USH1, and CI (ControlCI) in the ages 7–14 years 

(See Table 3). 

The number of children in the control groups with NH and CI, respectively, vary over the 

different tests. In the case of children with NH the tests Phonological Representations, and 

Phoneme Discrimination (phonological skills) only have 46 participants. This is because 

children with NH above the age of eight years performed at ceiling on these tests, and 

hence further collection of data on these measures was not considered meaningful.  In the 

case of the control group with CI, also collected by Wass, many children with CI chose to 

decline, or did not finish all tests of phonological skill. Probably the children who declined, 

or did not finish, found the tests tiring, too difficult, or were not motivated to participate. 

Also, in the studies by Wass, the tests of reading comprehension were only introduced after 

half of the data from the different groups had been collected.  
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Table 3: Demographic data on the control groups in Studies I and II. 

Control 

Group 

Mean age 

(y:mo) 

Age SD 

(y:mo) 

Range 

(y:mo) 

Mean age at 

diagnosis 

Mean age at 

intervention 

(HA or CI) 

Children with 

NH 

n = 120 

9:3 1:8 6:8 - - 

Children with 

HI+HA 

n = 43 

9:3 1:9 6:6 Not 

available 

3:3 

Children with 

CI 

n = 33 

8:11 2 7:9 1:2 3:5 

 

Letters of information were similarly sent to all adults with USH2a within the age-range 18–

65 years, registered in the database on USH, at the time this group consisted of 37 persons. 

The ‘a’ following USH2 implies a specific genetic locus of the mutation causing the 

characteristic symptoms of USH2. This specification of inclusion criteria was chosen as 

USH2a is the most common of the USH2 variants in Sweden, but also in order to make the 

group slightly more homogeneous. Fourteen adults consented to participation in the study, 

though thirteen remained for the analysis as one individual was excluded because of issues 

with language comprehension during the test session. The participant who was excluded did 

not have Swedish as primary language, and in the testing situation it became evident that 

this impacted performance to a high degree on all tests. To include this participant would 

hence have biased the data, and the subsequent analyses. 

The adult participants with USH2 were matched as regards age and educational level to 

persons with normal hearing and vision (NHV). These participants were recruited by a 

research assistant (Jennie Hjaldahl) and by the PhD student in the thesis project (me), and 

performed the tests at either the Audiological Research Centre in Örebro, or the 

Department of Behavioral Sciences and Learning in Linköping. Fifteen persons were given 

letters of information regarding participation in the control group with NVH, and 10 persons 

consented to participate in the study. Six of these were tested in Örebro, and four in 

Linköping, by one of the two experienced test instructors. Demographic variables for the 

group of adults with USH2 and their matched controls are reported in Table 4.  
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Table 4: Data on age, hearing thresholds (PTA4) and vision for the adult participants. Visual 

field reported according to the Goldman perimetry, where a classification of 1 = normal visual 

field and 5 = no visual field. Visual acuity reported in the decimal scale, where 1 = normal 

acuity and 0.0 = blindness. NV = Normal Vision 

 USH2, M (SD) 

n = 13 

Control, M (SD) 

n = 10 

Age 38.8 (12.7) 38.4 (11.0) 

PTA4 Left ear 66.2 (11.6) 3.7 (5.1) 

PTA4 Right ear 67.5 (13.3) 3.3 (3.6) 

Visual Field, Left 3 (1.2) 

min-max: 1 - 5 

NV 

Visual Field, Right 3 (1.1) 

min-max: 1 - 4 

NV 

Visual Acuity, Left 0.47 (0.37) 

min-max: 1 – 0.05 

NV 

Visual Acuity, Right 0.41 (0.35) 

min-max: 1 – 0.05 

NV 

 

Levels of Analysis 

Since the overarching aim of the present thesis was to describe specific cognitive skills in the 

groups with USH, the performance of the participants with USH has been positioned in 

relation to other populations, by means of group comparisons. Additionally, the studies 

report on individual performances and present descriptions on how individuals performed 

in relation to the control groups, in order to nuance the picture and describe the variations 

in the group. Qualitative observations, such as comments or descriptions of what testing 

was like for the participants, have been included to some extent primarily into the 

discussion in all studies, in order to further describe the performance of the groups with 

USH.  

 

In Studies I and II the group comparisons were made using confidence intervals on the 95% 

level (CI95). This method was deemed to be more robust in regard to the small number of 

participants and to the differences in variance between groups, than the more commonly 

used t test. In Study I, in addition to the comparisons of CI95, regression lines were 

calculated for the three control groups, with confidence intervals of 95%. The performance 

of each participant with USH1+CI on each test was displayed in relation to the regression 

lines of the control groups. This was done in order to display how the individuals with 

USH1+CI each performed in relation to the control groups. In study II another approach was 

taken and individual performance of the children with USH1+CI  was reported in relation to 

the performance of the control groups, as well as group comparisons. This was done in 



37 
 

order to maximize the information provided by the limited amount of data when describing 

the performance in individuals with USH1+CI. 

For Studies III and IV non-parametric statistical methods were applied, as data were not 

normally distributed, and variance differed too much between the groups. In Study III the 

Mann-Whitney U test was applied to check for group differences in the distribution of data 

on the different cognitive tests. Number of individuals with USH2 performing above or 

below the control group’s median value on each test was also reported, in order to further 

describe the performance of the group with USH2. In Study IV a Kruskal-Wallis analysis was 

applied in order to capture between-group differences as well as within-group differences in 

performance on the different tests. Significant findings in the Kruskal-Wallis were followed 

up with Mann-Whitney U test with Bonferroni correction. Non-parametric correlations 

(Spearman Rho) were also computed in order to understand whether performance on the 

test of ToM correlated with performance on other tests or measures. In order to further 

investigate what could affect performance on the test of ToM, individuals with 

deafblindness (USH2 and AS) were divided into two subgroups with respect to score on the 

test of ToM. Individuals performing below the median value of the control group with NH 

constituted one group, and those performing at or above the median value another. Mann-

Whitney U tests were applied in order to check for significant differences between the sub-

groups on the other cognitive measures, and Spearman correlations were computed in 

order to see if correlations differed between tests and measures in the sub-groups.  
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Tablel 5: Overview of the studies' methodology 

Study Study 

population 

Control 

groups 

Design Materials Analysis 

I USH1+CI 

(children) 

Control CI, 

HI+HA, NH 

Group 

comparison

s, 

descriptive 

Cognitive test Parametric: 

comparisons of CI95. 

Performance of the 

children with 

USH1+CI described in 

relation to regression 

lines of control 

groups’ performance 

II USH1+CI 

(children) 

Control CI, 

HI+HA, NH 

Group 

comparison

s, 

descriptive 

Test of reading 

skill, cognitive 

tests 

Parametric: 

comparisons of CI95. 

Descriptions of 

individual 

performance 

III USH2 (adults) NH Group 

comparison 

Cognitive tests Non-parametric: 

Mann-Whitney U 

IV USH2 (adults) NH, AS Group 

comparison

s 

Test of ToM, 

cognitive tests 

Non-parametric: 

Kruskal-Wallis, Mann-

Whitney U 

 

Summary of the Papers 

Paper I. 

The aim of this study was to examine three basic cognitive skills in children with USH1+CI. 

The skills of interest; phonological skill, lexical skill, and working memory (WM), are central 

in the development of other complex skills, such as reading and speech comprehension. The 

development of these skills is impacted by deteriorated auditory input, such as the signal 

received by the brain from a CI (Lederberg et al., 2013; Spencer & Tomblin, 2009; Peterson 

et al., 2010; Lyxell et al., 2013; Löfkvist et al., 2014).   Seven children in the ages 7–16 years 

participated in the study. Each was seen during a session of two hours of cognitive testing. 

The cognitive test battery developed by Wass et al. (2009) was selected as it had been 

evaluated and used among children with speech and language impairment, children with 

hearing impairment using hearing aids, children with CI:s, as well as children with NH.  The 

performance of the group with USH1+CI was compared to previously collected data on the 

performance of children with NH, children with hearing impairment and hearing aids 

(HI+HA), and children with other types of deafness and CI (controlCI). The main finding was 

that the children with USH1+CI performed significantly better than the controlCI on one of 

the cognitive measures, i.e., phonological discrimination (See Figure 1), and that the 

majority of children with USH1+CI performed above the confidence interval of the controlCI 
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on a measure of phonological skill, i.e., non-word repetition (See Figure 3). Another finding 

was that the three youngest participants with USH1+CI performed at level with the control 

group with NH on the majority of cognitive measures, the exceptions being the two 

measures of phonological WM (serial recall of non-words and non-word repetition). Two 

children with USH1+CI performed at level with the children with HI+HA, while the two oldest 

for the most part performed at level with the controlCI. The discussion of the findings 

focused on that the higher performance in phonological skill on group level could be an 

effect of the awareness that these children will lose vision over time, and hence become 

more dependent on their CIs. Hence, it is possible that more effort than is common is 

invested in teaching these children to use their CIs to their most. A speculation was also 

that, due to the nature of the deafness in USH1, the tip-links are malfunctioning on 

otherwise whole inner hair cells, and that this could be a beneficial condition for the 

implantation with CI. 

 
Figure 3: Non-word Repetition. The group with USH1+CI performs above the control group 

with CI. Two of the younger children perform similar to the control group with HI+HA. 
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Paper II. 

The aim of this study was to examine reading skills in children with USH1+CI. Historically, 

children with deafness have shown low levels of reading skill, but this has changed with the 

introduction of CI. Children with CI develop the basic cognitive and language skills that are 

typically involved in reading development in children with NH, and several studies have 

demonstrated reading skill to be at level with children with NH in the ages 10–12 years. 

Geers et al., however, found that children with CI as a group do not perform at level with 

their peers at ages 15–17 years. 

The sample in this study was the same as in Study I, except for two children who chose to 

decline the tests of reading skill. Two measures of reading skill were administered at the 

same time as data collection for Study I was performed. One measure, Towre, was of 

decoding skill and consisted of two lists of real words and two lists of non-words; the 

participant had 45 seconds for each list to read out loud as many words as possible. The 

other measure was of reading comprehension, Woodcock, and consisted of incomplete 

sentences, where the task was to complete the sentence with a grammatically and 

semantically correct word. One child chose to decline this measure of reading 

comprehension. Performance of the children with USH1+CI was described in relation to their 

performance on the cognitive measures, and to that of children with NH, children with 

HI+HA, and children with other types of deafness and CI. The findings were that there were 

no differences in reading comprehension, or in decoding score between groups. However, 

the case studies displayed that two of the youngest children with USH1+CI, who had high 

performance on the measures of cognitive measures, had decoding strategies similar to 

those observed in children with NH, and reading comprehension in line with the mean value 

of this control group. The oldest child displayed generally low performance on the cognitive 

measures, poor decoding skill, and low scores on reading comprehension. The findings of 

this study was in line with previous research with children with CI which has shown the 

variation in performance to be greater in this group, and that outcome with CI is influenced 

by age at implantation.  
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Paper III. 

The aim of this study was to examine the same basic cognitive abilities as in Study I 

(phonological skill, lexical skill, and working memory), and reading, in adults with Usher 

syndrome type 2 (USH2). Participants were recruited through the Örebro Audiological 

Research Centre’s database on Usher Syndrome. Thirteen adults with USH2 in the age-range 

21–60 years each participated during a test session of 2.5 hours. Each participant was 

matched on age and level of education to a control with normal hearing and vision. The 

settings of color of background and text and font size in the tests, where visual stimuli were 

used, could be adapted by each participant in order to enhance visibility. For verbal 

instructions and for tests with auditory stimuli radio-transmitting FM-systems could be 

applied to increase audibility. The results were that the group with USH2 performed 

significantly poorer on complex verbal WM, on phonological skill and on phonological 

working memory. There was also a significant difference in performance on the test typically 

used as a baseline measure, where the stimuli are visual and speeded judgment is required 

(See Figure 4). The group with USH2 had significantly longer reaction times on the tests of 

phonological (See Figure 5) and lexical skill. There were no differences in performance 

between the groups on the lexical measure or in reading comprehension scores. The 

conclusions were that adults with USH2 displayed similar difficulties with phonological 

processing as individuals with long-term hearing loss, and also that adults with USH2 

compensated for the poor vision by allowing more time on visual tasks. 
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Figure 4: Scatterplot displaying the relation between score and RT on Physical Matching in 

both groups. Several individuals in the group with USH2 have long RTs and performance 

below expected. 

 

 

Figure 5: Scatterplot displaying the relation between RT and performance on a measure of 

phonological skills: Rhyme Judgment. About half of the group with USH2 displayed both long 

RTs and low scores on this measure.  

 



43 
 

Paper IV. 

The aim of this study was to examine theory of mind (ToM) in individuals with USH2, and to 

compare their performance to that of individuals with another syndrome causing 

deafblindness, i.e., Alström syndrome (AS), as well as to the performance of a matched 

control group. The group of participants with USH2 was the same as in Study III. The group 

of participants with AS consisted of 12 individuals, who had been recruited via their interest 

organizations. The control group consisted of 33 individuals with normal hearing and vision, 

each matched to a participant with deafblindness on age and level of education. All 

participants performed Happé’s Strange Stories test, which consists of three parts; one 

measure of basic processing and recall of verbal material, the other a measure of verbal 

reasoning and problem solving, and the third a measure of ToM. All participants also 

performed a measure of complex working memory for verbal material, namely, Reading 

Span. Results were that there were no significant difference between groups in performance 

on basic processing and recall of verbal material. There was no significant difference 

between the control group and the group with USH2 on complex working memory for verbal 

material, while the group with Alström had significantly lower performance than both other 

groups on this test. The control group with NVH had significantly higher performance than 

the two groups with deafblindness on verbal reasoning and problem solving, while the 

groups with deafblindness did not differ significantly. The control group had significantly 

higher performance on ToM than the two groups with deafblindness, but there was also a 

significant difference between the two groups with deafblindness, in as much as the group 

with USH2 had significantly higher performance than the group with AS. Findings were also 

that the variation in performance among individuals with deafblindness was greater than 

among the participants in the control group. Also, a majority of participants with USH2 

performed within one standard deviation of the control group’s mean value on the ToM 

measure, compared to a minority of the participants with AS.  The conclusions were that 

onset of visual loss might have an impact on ToM, but also that other factors than 

deafblindness are likely to impact the development of, or in this case, the ability to employ 

the ability of ToM.  
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General discussion 

Summary of Empirical Findings  

As described by Lyxell et al. (2009), Nakeva von Mentzer  (2014), and Wass (2009), 

performance on tests taxing phonological processing is commonly less exact and more often 

erroneous in children with CI and HI+HA. This is particularly true in children with profound 

deafness and CI (Geers et al., 2008; Lyxell et al., 2009; Nicholas & Geers, 2007; Peterson et 

al., 2010). However, the variation in performance in the group of children with CI on these 

tests is typically very large, though there is a clear trend of higher performance for children 

with early implantation (Geers & Sedey, 2011; Lyxell et al., 2009; Peterson et al., 2010; 

Spencer & Tomblin, 2009). The findings would seem to be valid also in the case of the 

children with USH1+CI. In the two studies of children with USH1+CI, the younger children 

with early insertion of CI, had results indicating an ability to identify and separate speech 

sounds at level with that of children with NH of the same age. However, the capacity of 

phonological WM, which is most important for the building of phonological representations 

and vocabulary, was below the levels of children with NH for all but one participant with 

USH1+CI. Possibly, this finding could be part of the explanation behind the poor, and within 

each individual varied, performance on the tests of lexical skill. Nevertheless, the 

performance of the children with USH1+CI on the reading tasks did not differ from the 

performance of the control group with NH, or the other control groups. This may indicate 

that the ability to read can develop on the basis of other cognitive skills than phonological 

ones; it is, for instance, possible that children with CI develop an orthographic strategy, as 

suggested by Wass (2009). Another possibility would be that the level of phonological skill 

that has developed in the children with USH1+CI by the ages 7-12 years is sufficient to 

sustain reading at the level of difficulty and complexity expected from children in general at 

that age. 

Adults with USH2 displayed a pattern of performance on the tests of phonological 

processing typical for individuals with long term duration of hearing loss (Andersson, 2001; 

Classon et al., 2013; Hulme et al., 2012). Most of the individuals had difficulties with tasks 

taxing phonological skills, and all had poor accuracy of recall on the measure of phonological 

working memory. However, despite these processing difficulties, performance on tests of 

reading skill and the general aspect of theory of mind was at the same level as in the control 

group with NH. The hearing loss has been present from birth for these individuals, and 

possibly the majority have found ways to compensate the loss of auditory information, for 

example, by using technical aids, compensation strategies, such as, asking for clarifications, 

or requesting information to be given in several modalities. However, most of the 

participants with USH2 displayed unexpectedly low performance on the part of Strange 

Stories, which tax verbal reasoning and logic. Possibly, efficient phonological processing, 

which is dependent on rich auditory stimulation, is necessary in order for verbal problem 

solving of complex problems to function smoothly, with low rate of errors. It is also possible 

that those individuals, who also displayed poor performance on the ToM part of the test, 
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did so as a result of poor language skills. The individuals with lowest performance on ToM in 

the present study also displayed generally low performance across all cognitive tasks 

(phonological processing, WM, and reading) in the study. It is important to note that 

variation in performance was relatively large, both between and within participants. All but 

three individuals with USH2 performed at level with the control group on at least one of the 

tests, and these three displayed generally high performance with exception of Rhyme 

judgment and phonological WM. 

General performance 

The main contribution from the present research is the description of previously specified 

cognitive skills in the groups of children with USH1 and adults with USH2. Historically, Usher 

syndrome was described as commonly concurrent with mental retardation (Hallgren, 1959). 

Similarly, Dammeyer (2015; 2012) suggests that there is a higher prevalence of psychiatric 

illness in the group with USH1, as well as suggesting that cognitive issues could be more 

common among individuals with the diagnosis. However, the findings in the present thesis 

refutes that general cognitive problems would be prevalent in the group. On the contrary, 

the majority of individuals in the present thesis, both children and adults, came across as 

high performers with good general capacity. The majority of the children displayed 

performance above the norm on the control measure Block Design from the Wechsler 

Intelligence Scales for Children. There was no such control measure used with the adult 

group, and instead all tests were of the type specifically aimed at cognitive skills that could 

be impacted by the sensory impairments. However, despite the elevated level of difficulty 

experienced by the group with USH2 (due to the sensory impairments) almost all individuals 

performed close to maximum score on at least one of all the tests given during the session. 

Parenthetically, all participants with USH2 took part in group interviews for another project 

during the weekend when data collection was made. In a personal comment the individuals 

responsible for the interviews described how impressed they were by the participants’ 

complex and insightful discussions.  

The bio-psycho-social perspective 

It is important to note that the participants with USH achieve their performance in spite of 

limited access to information due to the sensory losses. If one applies the bio-psycho-social 

perspective on the situation for individuals with USH, it can be argued that the combination 

of hearing and visual impairment on the biological level, impacts primarily phonological 

processing on the psychological level, and together these two levels interfere with the social 

level, creating greater difficulties, for instance, in participation in all contexts. A common 

strategy for individuals with hearing impairment is to attend to visual information to a 

higher degree, in order to compensate the loss of auditory information with visual cues (Hua 

et al., 2013). However, for adults with USH visual information is also deteriorated, so other 

compensating strategies have to be applied, and as the majority of communication takes 

place in the auditory and visual modalities, accessing information can become very 

demanding for individuals with USH2. 
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Cognitive skills and design of interventions 

A large proportion of individuals in both groups of participants (children and adults) struggle 

with phonological processing as a result of the hearing impairment, and possibly, as a 

consequence, they have to exert more effort in everyday situations of spoken 

communication than individuals with normal hearing. On top of this, the visual problems 

add to the cognitive load for the individuals. In the present thesis this is indicated in the 

adult group by long RTs on the tests with visual stimuli. The visual problems typically start to 

become a limiting factor for performance during the adolescent years in individuals with 

USH1 and 2 (Sadeghi, Kimberling, et al., 2004). It is, therefore, possible that the 

performance of the two older children with USH1+CI was affected by problems with 

visibility. 

Increased cognitive load is, however, likely to arise from several sources, such as, for 

instance, the demanding task of orientating oneself in a room when the visual field is 

severely restricted. Orientation with a limited visual field requires conscious application of 

strategies, literally “looking around” by turning of the head. Also, since the eyes because of 

the RP are poor at adjusting for differences in light conditions, the conditions might need to 

be adjusted in order for the person to see the surroundings at all.  In sum, a person with 

USH experiences increased cognitive demands when continuously “filling in the blanks” in 

the auditory information, as well as when attending carefully to the limited visual input.  

Considering this, the findings by Wahlqvist et al. (2013) of poorer psycho-social health in 

respondents with USH2, in comparison to a reference population of the Swedish health 

survey, does not seem surprising. The respondents with USH2 in the study by Wahlqvist et 

al. (2013) reported higher levels of stress, fatigue, headache, pain in the shoulders and neck, 

and depression. 

With increased knowledge about the populations with USH, there is a possibility to improve 

the situation, and the responsibility for compensation could, to a higher degree, rely on the 

people around the person with USH. When interpreting the findings in the present thesis, it 

seems likely that applying interventions designed for individuals with long-term hearing loss 

in combination with those created to relieve problems with low vision, may help this group, 

too. Judging by the large variation among the participants, interventions would be more 

beneficial if the individual levels of cognitive skill are taken into account. Whereas one 

person might be greatly helped by information on communication strategies directed to the 

person, as well as to the people in her/his different contexts, another individual might 

benefit more from training of specific cognitive skills (e.g., phonological skills), or cognitive 

strategies (e.g., memory strategies). Training of specific cognitive skills might be specifically 

effective with children with USH1+CI in order to prevent psycho-social health issues. 

Drawing on the present data, it could be especially important to ensure that individuals with 

USH develop sufficient phonological processing abilities and good reading skills, and to help 

them apply these skills as effortlessly as possible. The design of intervention could be based 

on a child’s performance on a test battery similar to the one used in the present thesis. Such 
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a battery, in combination with tests of linguistic skills (e.g., pragmatic), could give 

information on the individual’s weaknesses and strengths and facilitate a specified and 

efficient intervention. The studies by, for example, Nakeva von Mentzer (2014) clearly 

indicate that such designed training of specific skills can be beneficial for development of 

composite skills such as reading. Another possible gain from specific training of phonological 

skills may be improved skills in hearing with the CI, which could be a benefit as vision 

declines.  

Support for this latter proposition can be found in the results of the present thesis, in that 

phonological processing skills are important for reading skill for individuals with USH1 and 2, 

in a similar way as for individuals with NH. When examining the performance of the 

individuals with USH, those who display most difficulties with the tasks taxing phonological 

processing and phonological WM also perform poorly on tests of reading comprehension. 

Those children with USH1+CI who displayed difficulties in phonological processing also 

performed poorly on decoding of words and non-words. In the adults, difficulties in 

phonological processing and phonological WM concurred with low results on verbal 

reasoning and verbal problem solving on the Physical stories and with inability to give 

nuanced and full answers to the verbally presented problems with social content (ToM). 

Hence, it would seem that interception of individuals who are at risk of developing problems 

with phonological skills would be beneficial. If individuals are able to appreciate reading, 

they then have access to a source of information, which can make them more proficient in 

language (Hermans et al., 2008; Verhoeven & Perfetti, 2011) and also help them develop 

better understanding of other people’s perspectives and motives (Mar et al., 2006; Kidd & 

Castano, 2013). 

Theory of mind in individuals with deafblindness 

Regarding ToM in the adults, it would appear that it is not deafblindness per se that impacts 

the ability but rather to what extent the sensory impairments have been an obstacle in 

accessing all information in the social environment (e.g., in auditory and visual modes of 

relating and communicating). In the fourth study, the group with USH2 performed at the 

same level as the control group with NVH in terms of raw score on the test, whereas 

individuals with Alström Syndrome performed significantly poorer on ToM, both in terms of 

raw scores and in terms of quality and nuances of the answers (number of correct mental 

references). Individuals with USH2 have late onset of RP, thus imposing little restriction in 

amount of visual information acquired during childhood and adolescence. Also, since the HI 

is congenital and relatively stable over the lifespan, most individuals with USH 1 and 2 

receive rehabilitation at an early age, aimed at helping to compensate the potential loss of 

information. Thus, the case might be that lower language proficiency, via poorer 

phonological processing, impacts quality of the answers to the ToM questions in the few 

individuals with USH2 who performed below the control group. 

In contrast, the majority in the group with AS had early onset of blindness, and there was a 

clear relationship between later onset and higher score (Frölander et al., 2014). All 
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individuals with AS have a congenital, mild HL, which progresses to a moderate-to-severe HL 

in the ages 25-30 years (Rönnåsen et al., in press). Hence, their ability to acquire visual and 

auditory information is severely limited from an early age. This will most likely impact the 

amount and quality of social experience that they receive, impeding development of ToM. 

Another factor, which cannot be ruled out, is that poor ToM also could be caused by the 

ALMS gene, which seems to be active in most organs of the body. 

Discussion on methods 

There are several challenges in performing research on small and unique populations like 

individuals with USH. These challenges consist both of protecting the participants from 

being over-exposed and of achieving a large enough amount of data, as the number of 

individuals with the condition is low. Another challenge lies in finding ways to use the data 

in as informational ways as possible. There was also the issue of lack of previous research 

with a cognitive perspective on the population, and, hence, the research questions had to 

be descriptive in nature. The present thesis relies on tests that yield quantitative data, and 

by using slightly untraditional statistical methods we can present some new knowledge 

regarding how individuals with USH perform on the specified cognitive skills in relation to 

other populations. A quantitative approach was at this stage most suitable in order to 

describe the group and to generate knowledge. There are very few psycho-social studies in 

deafblindness, the reasons behind this being that the syndromes are heterogeneous and 

rare. The studies in the present thesis, despite the somewhat small number of participants, 

have had access to one of the largest cohorts in the world of Usher syndrome type 2 with 

longitudinal data on vision and hearing via the database on USH. However, useful 

information could have been collected by using charts for observations during the test 

sessions, or by giving out questionnaires on, for example, reading habits. Adding qualitative 

data to the descriptions of the groups with USH, based on the quantitative data, might have 

given more nuanced information on performance of the individuals, without risking the 

integrity of the participants. Specifically, as there are so few potential participants, studies 

such as the ones included in the present thesis also have to be careful to include too many 

tests or test sessions, as taking cognitive tests is often demanding. Hence, repeated sessions 

with large batteries of cognitive tests would be exhausting, possibly decreasing motivation 

to participate in research studies. Future studies using qualitative methods might give new 

and valuable insights.  

Conslusions 

To conclude, the groups of adults and children with USH display poor levels of phonological 

skills and phonological WM, due to the congenital hearing impairment, and they display a 

similar performance level as other populations with hearing impairment. The poorer 

phonological processing does, however, not seem to impact the composite cognitive skills of 

reading (cf., Nakeva von Mentzer, 2014; Wass, 2009) or ToM to any noticeable degree in the 

majority of individuals with USH1 and 2. Nevertheless, it is possible that poor phonological 

processing may impact on the amount of effort that needs to be exerted in everyday 
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communication, and in combination with the progressive visual impairment the strain on 

the individual increases. The children with USH1+CI may as adults experience a comparable 

combination of difficulties with phonological processing and visual limitations as that of the 

adults with USH2 in the present study. Hence, interventions aimed at improving 

phonological processing skill as early as possible may be preventive.  

Future Directions 

Future studies on populations with USH will have to face the inherent challenges of research 

on small populations, and will also have to deal with the challenges in appropriate ways. The 

present thesis focused on the cognitive skills that are central in auditory processing of 

stimuli, and more research with a focus on the cognitive skills essential for visual 

information-processing is needed. The tests used in the studies of the present thesis were 

not aimed at discerning the impact of visual impairment on cognitive skills, and, hence, 

more thorough investigations, for instance, by incorporating more spatial tasks, would be 

useful. 

The acquired knowledge on the performance on phonological processing, lexical skills, WM, 

reading and ToM in the two groups with USH can be helpful in the generation of new 

studies. Future studies could formulate more precise research questions, aimed at 

disambiguating the impact of deafblindness on cognitive performance. This would in turn 

give additional information on how, for example, support and training should be designed in 

order to improve rehabilitation for individuals with USH. A suggestion here would be to 

make use of qualitative methods, in order to better understand the quantitative data but 

also to ensure that the perspective of individuals with USH is included in research. 

Since USH is a rare condition, study samples will always be small, particularly when studies 

are limited to a single nation like Sweden. A way to reach more individuals with USH and 

increase study samples could be through international cooperation of research teams, such 

as could be organized through the European Union.   Future projects could also benefit 

enormously by applying a combination of several research methods for collection of 

different types of data. As it is impossible to use cognitive tests for every aspect of cognition 

that would be of interest, it would be highly valuable to use questionnaires on, for example, 

reading habits or self-ratings on communication experiences. This information could be 

used in more in-depth case studies, which would be highly informative about the situation 

and experience of persons with USH. Every bit of knowledge about USH makes a difference 

and helps to build better understanding and, eventually, better support to individuals with 

the condition. Future studies on different bio-psycho-social aspects of deafblindness will 

hopefully make use of the findings in this thesis. 
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