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"Karmany evadhikaras te
ma phalesu kadachana
ma karma-phala-hetur bhur
ma te sango ’stv akarmani"

“You have a right to perform your prescribed duty, but you are not entitled to the fruits of action.
Never consider yourself the cause of the results of your activities, and never be attached to not

doing your duty."

Bhagwat Gita: Chapter Two verse 47






Abstract

Cognitive resources, specifically working memory capacity are used for listening to speech,
especially in noise. Cognitive resources are limited, and if listeners allocate a greater share of
these resources to recovering the input signal in noise, fewer resources are available for
interpreting and encoding its linguistic content. Although the importance of CSC for individual
success in communicative situations has been acknowledged, this concept has not hitherto been
explored experimentally. In this thesis, a CSC test (CSCT) was developed and administered to
young adults with normal hearing and older adults with age-related hearing loss. CSCT required
executive processing of speech at different memory loads with and without visual cues in
different noise conditions. A free recall task using the same material was administered for
comparison purposes and a battery of cognitive tests was administered to understand the relation
between CSC and established cognitive concepts. The aims of the thesis were to investigate how
CSC is influenced by 1) different executive demands and memory loads; 2) background noise; 3)
visual cues; 4) aging and concomitant hearing loss. The results showed that 1) CSC was sensitive
to memory load, and updating demands reduced CSC more than inhibition demands; 2) CSC was
reduced in background noise compared to quiet; 3) visual cues enhanced CSC especially in
noise; 4) CSC was reduced with ageing and concomitant hearing loss especially when visual
cues were absent, memory demands were increased and background noise was speech-like. The
main finding of this thesis was that visual cues enhanced CSC for older individuals with hearing
loss, specifically in adverse listening conditions. This demonstrates the importance of
audiovisual testing in audiological assessment. Further, specific cognitive resources depleted
during listening in noise were at least partially compensated by other cognitive functions. This
thesis is the first step towards a theoretical understanding of CSC and in future, tests of CSC may
play a crucial role in planning rehabilitation of persons with hearing loss.
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Introduction

Research over the last few years has established the connection between cognition and listening
in adverse listening situations. Adverse listening conditions refer to listening in the presence of
background noise (Mattys, Davis, Bradlow & Scott, 2012), hearing loss (Stenfelt & Ronnberg,
2009) and when the cognitive demands of listening are increased (Mattys et al., 2012). Although
there have been a number of studies examining the cognitive functions involved in speech
understanding, there have been very few studies that have assessed the remaining cognitive
resources available for interpreting and encoding linguistic content of incoming speech input
while speech understanding takes place. These remaining cognitive resources are termed as
cognitive spare capacity (CSC; Mishra, Lunner, Stenfelt, Ronnberg & Rudner, 2010; Rudner et
al., 2011a, Rudner & Lunner, 2013). In everyday life, speech communication is not restricted to
the perception of incoming speech input. Higher level cognitive functions such as working
memory, executive functions and long-term memory (LTM) are involved in comprehension of
incoming speech input as well as in preparation of an appropriate response to the incoming
signal (Pichora-Fuller & Singh, 2006; Rudner & Lunner, 2013). Therefore, the success of an
individual in daily communicative situations crucially depends on CSC. Although the importance
of CSC in speech communication has been acknowledged (Pichora-Fuller, 2007), no studies
have focused on developing a theoretical conceptualization of CSC or exploring CSC in adults
with or without hearing loss.

This thesis investigates CSC in young adults with normal hearing and in older adults with
hearing loss. The specific aims of this thesis were to investigate how CSC is influenced by
factors such as 1) different executive demands and memory loads; 2) background noise; 3) visual
cues; and 4) aging and concomitant hearing loss. To achieve these objectives, a CSC test (CSCT)
was developed and then administered to young adults with normal hearing and to older adults
with hearing loss. The CSCT systematically manipulates executive processing, memory load,
modality of presentation and noise conditions to explore CSC in different listening conditions.
Lists of items are presented and responses are made strategically. This contrasts with a free recall
task in which the participant recalls as many of the presented items as possible. Hence, a free
recall task, which made lower executive demands than the CSCT, was administered for
comparison purposes, using the same material as used in CSCT. A battery of cognitive tests was
administered to the participants to understand the relation between CSC and established
cognitive concepts including working memory, executive function, linguistic closure and
episodic LTM. This thesis explores CSC in young adults and in older adults with hearing loss
and it also assesses the effects of aging and concomitant hearing loss on CSC. The findings of
this research provide a theoretical basis for understanding CSC. These findings also have
implications for rehabilitation of persons with hearing loss. For example, these findings could
provide a basis for developing tests of CSC that can be used in audiological clinics.



Background

Working memory is the site of applied conscious mental effort. It is often defined as a mental
workbench where information is encoded into meaningful chunks (Baddeley, 1992). Working
memory is a limited resource which can be used for processing and temporary storage of
incoming information. It is necessary for a wide range of complex cognitive tasks that also
include speech understanding (Baddeley, 2003). Kiessling et al. (2003) outlined four processes
that describe auditory functioning. These processes are hearing, listening, comprehending and
communicating. Hearing is essentially a passive process directed towards unintentional detection
of sound. Listening on the other hand demands mental effort and is the process of hearing with
intention and attention. Listening is followed by comprehension, an unidirectional reception of
meaning, intent and information, whereas communication is the bi-directional exchange of
purposes of listening. Except for hearing all the other processes of auditory functioning demand
involvement of cognitive resources. Greater demands on cognitive resources are made while
listening in adverse conditions such as in noise or in the presence of hearing loss. In adverse
listening conditions, listeners use their cognitive resources, especially the working memory, to
recover the speech signal that is lost in adverse listening conditions. It has been suggested that
the cognitive processes used for this recovery of the speech signal include attentional resources
such as executive functions (Mattys et al., 2012) and other cognitive resources such as access to
previous information stored in LTM (Ronnberg et al., 2013) and linguistic closure ability
(Besser, Koelewijn, Zekveld, Kramer & Festen, 2013). Therefore, in order to understand the
processes involved in speech understanding, an approach of integrating theories from the field of
cognitive psychology and audiology is desired.

Cognitive resources, including working memory capacity (WMC) are limited (Baddeley, 2003)
and vary from individual to individual (Daneman & Carpenter, 1980). In adverse listening
conditions, if listeners allocate a greater share of these resources for recovering the degraded
input signal, fewer resources are available for interpreting and encoding its linguistic content
(Pichora-Fuller, 2003; Arehart, Souza, Baca & Kates, 2013). The success of an individual in
daily speech communication does not only depend on the cognitive resources available for
speech understanding, but also depends on the CSC that remains for comprehension and
communication while speech understanding is taking place.

Cognitive spare capacity

Based on his studies using a dual task paradigm, Kahneman (1973) introduced a concept of spare
capacity for the processes involved in attention. A dual task paradigm is a procedure in
experimental psychology that requires an individual to perform two tasks simultaneously.
Attentional processes were suggested to be constituted by a single capacity limited cognitive
resource and in multiple task situations; each task competes for resources from this single
cognitive resource (Kahneman, 1973). Similarly in studies on aging and brain damage, the
concepts of cognitive reserve and brain reserve have been defined. In these studies, the
differences in susceptibility to functional impairment as result of brain damage have been
explained in terms of cognitive reserve, that is, individual differences in cognitive function
(Barulli & Stern, 2013) or brain reserve, that is, individual differences in brain size (Satz, Cole,
Hardy & Rassovsky, 2011). The concept of CSC for speech understanding explored in this thesis
was first introduced by Mishra et al. (2010) for predicting individual success in daily
communicative situations. Cognitive spare capacity is the remaining cognitive capacity a person
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possesses while listening to speech. These remaining cognitive resources or CSC is used to
perform the higher level processing of speech that is important for speech communication. Such
higher level of processing includes comprehension, inference making, gist formulation,
temporary storage of information of the initial part of the message until the message is completed
for a complete understanding to occur and also for preparing an appropriate response (Pichora-
Fuller, 2007). The fundamental notion that drives this thesis is that in speech communication, a
cognitive resource that is depleted while speech understanding occurs is no longer available if
the same cognitive function is required at higher levels of communication. Individuals may
compensate for information lost during signal degradation by using their WMC or specifically
directing their attentional capacity towards understanding the signal (Mattys et al., 2012). The
involvement of attentional capacity for speech perception involves the executive functions
(Mishra et al., 2010; Rudner et al., 2011a; Sorqvist & Ronnberg, 2012; Ronnberg et al., 2013).
Working memory capacity is used for speech understanding in degraded listening conditions.
Moreover, the higher cognitive demands of communication also involve resources from WMC.
Thus, CSC might be assumed simply as reduced WMC. However, during speech
communication, it is likely that various executive functions may be employed differently in
different signal degradation conditions. Therefore, CSC might be comprised of variable
remaining resources for various executive functions. Moreover, increasing the memory load in
speech understanding is likely to lead to a reduced CSC. Speech understanding demands more
cognitive resources in the presence of noise (Mattys et al., 2012) and hearing loss (Pichora-Fuller
& Singh, 2006). Hence, the starting point for this thesis was that CSC is reduced in the presence
of noise and with hearing loss. On the other hand, cognitive demands for speech understanding
are reduced by the presence of visual cues especially in noise (Frtusova, Winneke & Phillips
2013). Thus, CSC is likely to be enhanced by presence of visual cues.

Factors Influencing Cognitive Spare Capacity

In this section factors potentially influencing CSC such as, WMC, executive abilities, linguistic
closure ability, LTM, hearing loss, signal degradation, aging and presence of visual cues, are
discussed.

Working memory
Working memory has been conceptualized as a dual function cognitive system in which the
information can be temporarily stored and processed until the input is either forgotten or
consolidated into LTM (Baddeley & Hitch, 1974). Various studies have shown that working
memory plays an important role in language comprehension (Daneman & Carpenter, 1980,
Zekveld, Heslenfeld, Festen & Schoonhoven, 2006; Pichora-Fuller, 2008). In a listening situation
when the signal is degraded, either due to the presence of noise (Mattys et al., 2012) or in the
presence of hearing loss (Stenfelt & Ronnberg, 2009), listeners use their cognitive resources,
especially the working memory to suppress the negative influence of noise. During listening in
noise, individuals may store the fragments of information that are not masked by noise in their
working memory. Speech understanding may be achieved by integrating these fragments of
information. Recent work on memory for sentences heard in noise shows that memory
performance correlates with WMC for individuals, both with normal hearing (Rénnberg, Rudner,
Lunner & Stenfelt, 2014) and with hearing loss (Ng, Rudner, Lunner, Pedersen & Ronnberg,
2013). In two separate reviews, analyzing twenty studies (Akeroyd, 2008) and twenty-one
studies (Besser et al., 2013), it was found that in most of the studies the speech recognition in
noise was most reliably predicted by WMC as measured by the reading span test (Daneman &
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Carpenter, 1980; Ronnberg, Arlinger, Lyxell & Kinnefors, 1989). In the domain of hearing aids,
it has been shown that WMC correlates with aided speech recognition in noise performance
(Foo, Rudner, Ronnberg & Lunner, 2007; Gatehouse, Naylor & Elberling, 2003, 2006a, 2006b;
Lunner, 2003, Lunner and Sundewall-Thorén, 2007). The ability to derive benefit from digital
signal processing algorithms in hearing aids is also associated with WMC (Arehart et al., 2013;
Cox & Xu, 2010; Lunner, 2003; Lunner and Sundewall-Thorén, 2007; Rudner, Foo, Sundewall-
Thorén, Lunner & Ronnberg, 2008; Rudner, Foo, Lunner & Ronnberg, 2009; Rudner, Lunner &
Ronnberg; 2011b).

It has been suggested that the reliance on working memory for speech understanding depends
upon the degree of degradation of the signal (Rudner et al. 2011a). Moreover, the higher levels
of cognitive functions involved in successful communication require resources from working
memory. These factors suggest that CSC may vary from individual to individual depending on
WMC. Additionally, when memory demands are increased, CSC can be expected to be reduced.
There are various models of working memory (Miyake and Shah, 1999), but only those models
that have relevance to speech understanding are discussed here.

Capacity theory of working memory
Just and Carpenter (1992) introduced the capacity theory of working memory for language
understanding. According to them, the processing and storage component of the working
memory are recruited from a single cognitive resource and the capacity of this single resource is
limited and varies from person to person. If there are more demands on processing, the cognitive
resources directed towards storage of the incoming signals are reduced. The notion of CSC
explored in this thesis is based on the capacity theory of working memory. Both assume that
WMC is limited and when the cognitive resources that is available for two tasks occurring
simultaneously are insufficient, the cognitive resources devoted to one task are reduced. One of
the drawbacks of the capacity theory of working memory for speech communication is that it
does not account for integration of information in more than one modality.

Component model of working memory
The component model of working memory (Baddeley & Hitch, 1974; Baddeley, 1996; 2000;
2012) provides for a component in the working memory that is dedicated to multimodal
integration of information. It consists of a centre for attentional control, which is called the
central executive. The central executive is assisted by the following three subsidiary slave
systems: (1) the phonological loop; (2) the visuo-spatial sketchpad; and (3) the episodic buffer.
The phonological loop provides temporary storage and processing of linguistically based
information. The visuo-spatial sketchpad (Logie, Del Sala, Wynn & Baddeley, 2000) is used in
the temporary storage and processing of visual and spatial information. The episodic buffer
stores and integrates multimodal information from the sensory input and LTM (Repovs and
Baddeley, 2006; Rudner, Fransson, Ingvar, Nyberg & Ronnberg, 2007; Rudner & Roénnberg,
2008). It can be suggested that when speech is presented in the audiovisual modality, the coding
of speech stimuli in the phonological loop is assisted by the coding in the visuo-spatial sketchpad
through the mediation of the episodic buffer. This mediation by the episodic buffer leads to a
more stable representation of the incoming speech stimuli in working memory, which may lead
to enhanced CSC.



Working Memory model for Ease of Language Understanding (ELU)
The working memory model for Ease of Language Understanding (ELU; Rénnberg, 2003;
Ronnberg et al., 2008; Ronnberg et al., 2013) was developed to specify the role of working
memory in language understanding. It incorporates the concepts of both the component model
and the capacity theory of working memory. The ELU model recognises that language
understanding is multimodal and it also postulates that the incoming language input is bound into
multidimensional units of representation by an episodic buffer (Rapid, Automatic, Multimodal
Binding of Phonology, RAMBPHO). According to this model, language understanding is
automatic or implicit as long as the incoming signal matches with the stored representation in the
LTM. But when the incoming signal does not match with the stored representation, mismatch
arises. The conditions in which mismatch occurs include signal degradation (Mattys, et al. 2012),
hearing loss (Stenfelt & Ronnberg, 2009) and using of amplification devices incorporating signal
processing (Ng et al., 2013). In condition of mismatch, conscious or explicit processes are
involved in language understanding. Ronnberg et al. (2013) argued that working memory
influences LTM of speech, especially in the presence of speech noise and also the inhibitory
function plays a key role for the long-term retention of speech. It has also been shown that with
hearing loss there is a relative decline in LTM probably due to disuse (Ronnberg et al., 2011). As
per the ELU model, in a mismatch condition, both explicit and implicit processing of speech
takes place and the involvement of working memory in speech understanding is dependent on the
degree to which explicit processing is involved for speech understanding (Rénnberg et al., 2010).

One of the most common ways of measuring WMC, especially in studies assessing the
involvement of cognition in hearing, is by the reading span test (Daneman & Carpenter, 1980;
Ronnberg et al., 1989). Reading span test is a dual task that assesses both the storage and
processing component of the working memory. In the reading span test, the participants are
presented with short lists of sentences and are asked to recall the first or the last words of each
sentence. Simultaneously, the participants are required to judge the semantic correctness of each
sentence immediately after its presentation. The numbers of correctly recalled words determine
the individual’s working memory capacity. The cognitive processes employed while performing
the reading span test may be similar to those employed during perceiving speech sentences in
presence of noise. During perceiving speech in noise, part of the signal may be masked by noise
and the listener employ resources in working memory to fill in the information that is lost in the
signal degradation (Rénnberg, Rudner, Lunner & Zekveld, 2010). At the same time, the listener
may have to memorize the initial part of the speech input so that comprehension of the entire
speech input may take place (Pichora-Fuller, 2007). Thus, the association of speech performance
in noise and WMC can be expected. In particular, the reading span test is useful for assessing the
WMC of persons with hearing loss as it involves testing through the unimpaired sensory channel
of vision (Classon, Rudner & Ronnberg, 2012; Ng et al., 2013).

The distinction between working memory capacity and cognitive spare capacity
The association of speech recognition performance in adverse listening conditions with WMC
suggests that persons with higher cognitive resources at their disposal are better at speech
understanding. As discussed earlier, speech communication in real life is not restricted to mere
speech understanding but involves higher level cognitive functions involved in communication,
such as comprehension, gist formulation and preparation of appropriate response, which involves
similar cognitive processes as used in speech understanding. Working memory capacity as



measured by the reading span test may not predict CSC, especially when speech understanding
takes place in adverse listening situations. This may be because the reading span is tested in
visual modality in ideal presentation conditions so it is not confounded by the impaired modality
for person with hearing loss and signal degradation due to noise. Reading span test provides a
general measure of storage and processing, without separating out effects of memory load,
executive function, visual information and background noise. For example, while listening in
noise, a person with capacious working memory may be using his/her cognitive resources to a
greater extent for speech understanding compared to a person with similar or lesser WMC and
with same degree of hearing impairment. Therefore, in this situation, the person with higher
WMC may have reduced CSC than a person with lower WMC, suggesting that CSC may be
quantitatively different from working memory.

The sub-process view of working memory (Baddeley, 2012; Sorqvist, Ljungberg and Ljung,
2010) proposes that any relationship between working memory and another concept such as
language understanding is actually a relationship between a specific part of the working memory
construct and the other concept. The sub-process view suggests that during speech perception
under adverse conditions, if demands are placed on a particular cognitive resource, such as
executive function, then the executive function may be reduced in CSC, sparing other cognitive
resources. This view can be interpreted as suggesting that the cognitive resources depleted during
the perception of speech may not be available for higher level communicative functions. In such
a case, if the depleted cognitive resource is required for higher level of communication functions,
it may be either partially or completely compensated by another cognitive resource. For example,
listening in noise demands inhibition (Janse, 2012). If the same inhibition skills are required at a
higher cognitive level of functioning, the inhibition may be compensated by another cognitive
function that achieves the required result by a different mechanism, for example, by the ability to
make linguistic closure. Thus, CSC may be qualitatively different from working memory.

Executive Functions

It has been suggested that executive functions are used to segregate speech from noise (Sorqvist
& Ronnberg, 2012; Ronnberg et al., 2013). Hence, the executive resources may be assumed to be
reduced in CSC when speech perception takes place in adverse listening conditions. Interest in
executive functions was renewed with the classic work by Miyake et al. (2000). In this study, it
was shown that the higher level functions of planning and decision making rests on three basic
underlying executive functions, namely, updating, shifting and inhibition. Updating refers to the
monitoring and coding of information that is relevant to the task at hand (Miyake et al. 2000). It
may involve appropriately revising the items held in the working memory by replacing the old,
no longer relevant information, with newer, more relevant information (Morris & Jones, 1990).
Shifting concerns shifting back and forth between multiple tasks, operations or mental sets
(Miyake et al., 2000), which might be used to perform dual tasks in a series or parallel. Inhibition
involves deliberate, controlled suppression of prepotent responses (Miyake et al. 2000). In
working memory this involves ignoring task-irrelevant information. Carretti, Cornoldi, De Beni
& Romano (2005) suggested that the relationship between executive function and working
memory is mediated by the ability to control irrelevant information. Similarly, other studies have
also shown that working memory capacity may be regulated by inhibitory abilities (Conway,
Cowan & Bunting, 2001; Sérqvist & Rénnberg, 2012).



The executive functions may be involved in directing attentional resources to speech presented in
noisy backgrounds. Furthermore, these executive functions may be required for integrating the
fragments of speech information available in noise in order to achieve speech understanding. The
executive functions of updating and inhibition have important relevance in speech understanding
(Mishra et al., 2010; Rudner et al., 2011b). In a communicative situation, a listener is constantly
comparing the incoming message with the stored representation in LTM to ascertain whether the
incoming information is new. On the advent of new information, a person uses the executive
function of updating to replace the old, no longer relevant information in working memory with
the new information. On the other hand, the executive function of inhibition is used to selectively
attend the incoming speech signal while ignoring the noise that may be present in the
environment. Janse (2012) demonstrated that listening in modulated noise demands inhibition. It
is likely that inhibition resources will be depleted while speech understanding takes place in
modulated noise. Furthermore, inhibition resources will not be available if the higher
communicative functions also require inhibition skills. Hence, in this thesis, it was assumed that
the availability of executive resources in CSC will depend upon the extent of involvement of
various executive functions in speech understanding.

Linguistic closure ability
During perceiving speech in noise, part of the signal may be masked by noise and the listener
employs cognitive processing such as linguistic closure to fill in for the fragments of speech lost
due to noise (Zekveld, Rudner, Johnsrude & Ronnberg, 2013; Ronnberg, et al., 2010). Besser,
Zekveld, Kramer, Ronnberg & Festen (2012) compared the relationship among working
memory, linguistic closure ability and speech perception in noise performance. They found that
the linguistic closure ability is less susceptible to age-related changes and introducing a memory
component to the linguistic closure ability did not appreciably change its ability to predict speech
perception performance in noise. This finding suggested that WMC and linguistic closure ability
tap into different processes relevant to speech perception in noise. Cued recall is when a person
is given a list of items to remember along with a cue for each item. Memory performance is
tested by providing the cue and the participants are required to recall the desired item. Zekveld et
al. (2011) using a cued recall paradigm found that better WMC and linguistic closure ability
performance was associated with better speech perception when unrelated cues were presented at
higher noise levels. A follow-up fMRI study (Zekveld, Rudner, Johnsrude, Heslenfeld &
Ronnberg, 2012) revealed that higher WMC was associated with greater benefit from related
cues, whereas better linguistic closure was associated with greater ability to disregard
information from irrelevant cues. Thus in relation to speech recognition in noise, linguistic
closure ability has been shown to have predictive value separate from that of WMC. Therefore,
better linguistic closure ability may influence CSC, if CSC is comprised of resources that are
distinct from WMC.

Long-term memory (LTM)
Long-term memory is the ability to encode and store information over an extended period and
then retrieve it (Tulving, 1983). Information is temporarily stored and processed in the working
memory and if this new information is recognized to be useful for tasks in future, it is encoded
into LTM (Baddeley & Hitch, 1974). Episodic LTM refers to the encoding and subsequent
retrieval of personal happenings and doings, whereas the knowledge of the world independent of
person’s identity and past is encoded in the semantic LTM (Tulving, 1983). Working memory
plays an important role in speech understanding by acting as a bridge between bottom-up
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(implicit) and top-down (explicit) processes including drawing on the semantic resources in
LTM (Ronnberg et al., 2013). It has also been suggested that listeners apparently retain non-
linguistic information such as attributes of speech signal like speaker’s gender, dialect, speaking
rate and emotional state in the LTM (Pisoni, 1993). Recent work shows that age-related hearing
loss is associated with decline in LTM (Lin et al., 2011; Rénnberg et al., 2011). The mechanism
behind this association may be that hearing loss leads to more mismatch according to the ELU
model due to poor audibility and distortion of the input signal and thus less access to and use of
LTM (Ronnberg et al., 2011). In older adults, this is exacerbated by a general cognitive slowing
that makes matching of input signal with representations stored in the lexicon more effortful and
susceptible to errors (Pichora-Fuller, 2003). The episodic buffer of the working memory
(Baddeley, 2000) mediates the matching of speech input with stored representations in semantic
LTM with help of episodic LTM (Rudner et al. 2007; Rudner & Roénnberg, 2008). Hence, it can
be assumed that an efficient episodic LTM may facilitate the processing of speech thus leading
to lesser demands on CSC for speech understanding. On the other hand, efficient episodic LTM
suggests better representation in working memory, which may be reflected as enhanced CSC.

Hearing loss
In developed countries, it is estimated that 10 to 15 % of the general population suffers from
hearing loss that affects their daily speech communication (Kochkin, 2005; Stevans et al., 2013).
The most common method used to assess hearing ability is by determining hearing thresholds by
using pure tone audiometry. Pure tone thresholds are the lowest sound level where a repeatable
detection occurs across different frequencies. Air and bone conduction hearing thresholds are
determined in sound-treated rooms by using head phones and bone vibrator (Roeser, Valente &
Hosford-Dunn, 2000). Pure tones at octaves and mid octaves in the frequency range of 125 Hz
and 8 kHz are presented sequentially and the minimum sound level required to produce a
sensation of hearing is determined. For bone conduction audiometry, the frequency range is
restricted to 250 Hz to 4 kHz. The 0 dB HL in the audiometer is calibrated to the minimum
sound pressure level required to cause a sensation of hearing at different frequencies for a young
adult with normal hearing. Hearing thresholds are determined adaptively by procedure known as
the modified Houghton-Westlake procedure. Here, the level of presentation is reduced by 10 dB
each time the tone is audible and increased by 5 dB each time the tone is inaudible. Hearing loss
is defined as a condition when the average pure tone threshold (PTA4) across 0.5, 1, 2 and 4 kHz
exceeds 25 dB HL for the better ear (World Health Organization; WHO, 2013). It has been
estimated that about two thirds of the population in the age group of 70 years and above suffer
from hearing loss in developed countries (Lin, Thorpe, Grodon-Slant & Ferrucci, 2011;
Johansson & Arlinger, 2003). The term generally used for age-related hearing loss is presbycusis
which encompasses all conditions that lead to hearing loss in the elderly (Gates & Mills, 2005).
Schuknecht and Gacek (1993) have classified presbycusis into six major types. But clinically, the
most common type of hearing loss associated with presbycusis is termed as sensorineural hearing
loss (Pichora-Fuller, 2007). This type of hearing loss is caused by dysfunction of the inner ear,
the cochlea or the sensory-neural interaction that transmits the impulses from the cochlea to the
higher hearing centres in the brain where perception takes place. The most common reason for
sensorineural hearing impairment is damage to the hair cells in the cochlea. In pure tone
audiometry, sensorineural hearing loss manifests itself by a common elevation of the air
conduction and bone conduction thresholds and the difference between both of these thresholds
(Air-Bone gap) is less than 10 dB. Typically, age-related hearing loss is characterized by sloping
high frequency hearing loss and the loss progresses towards lower frequencies (Gates & Mills,
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2005). Sensorineural hearing loss leads to poorer speech recognition caused by reduced
audibility, temporal and spectral smearing and abnormal growth of loudness (Moore, 1996).

Hearing aids
One of the most common ways to compensate for hearing loss is by using hearing aids that
restores audibility by providing acoustic gain for declining hearing sensitivity. Digital signal
processing was introduced in hearing aids nearly twenty years ago and moreover, now advanced
signal processing algorithms are available. One of the signal processing algorithms is the noise
reduction system. The noise reduction algorithm attenuates noise and provides selective
amplification to the signal. Traditionally, hearing aid technology is based on a bottom-up
approach to hearing which is concerned with the effects of hearing loss on the peripheral
representation of the auditory signal and how hearing aids can improve this peripheral
representation (Edward, 2007).

A vast majority of the older adults either underuse or abandon the use of hearing aids (Gates &
Mills, 2005). The benefit of hearing aids varies from person to person and one of the reasons
may be the individual differences in cognition (Lunner et al., 2009). It has been established that
cognitive resources are often recruited to fill in the missing information due to hearing loss or
signal degradation including the use of hearing aids implementing signal processing (Rénnberg
2003; Stenfelt & Ronnberg, 2009; Ronnberg et al., 2013). However, this comes at the cost of
reduced cognitive resources, which is demonstrated as higher listening effort or fatigue (Edward,
2007; Picou, Ricketts & Hornsby, 2011). Recently, listening effort has been defined in cognitive
terms, where it has been defined as the cognitive resources that are consumed for speech
recognition (Picou, et al. 2011; Fraser, Gagné, Alepins & Dubois, 2010). From this definition it
can be assumed that listening effort will be more pronounced when CSC for the individuals is
reduced. The current assessment tools used in audiological clinics seem to be inadequate in
predicting benefits of using hearing aids. However, new assessment tools that tests both aspects
of cognition and hearing, for example CSC, may be more successful (Pichora-Fuller & Singh,
2006). Such new approaches will also be helpful in evaluating the various signal processing
algorithms presently implemented in hearing aids (Edward, 2007).

Noise
In noisy situations, the speech signal may be partly masked by the presence of noise. As
cognitive functions, such as working memory, are used to fill in the information lost in the
background noise (e.g., Ronnberg et al., 2013), CSC can be expected to be reduced in noise.
Noise may be either stationary or modulated. When modulated noise is presented at the same
level as steady-state noise, fragments of speech information are masked to lesser extent in ‘dips’
of modulated noise compared to the steady-state noise. It is possible to take advantage of
listening in ‘dips’ to aid in speech perception. This effect has been shown consistently for
persons with normal hearing (Duquesnoy, 1983, George, Festen & Houtgast, 2006; Zekveld et
al., 2013). However, individuals with hearing impairment do not always seem to benefit in the
same way, possibly due to temporal and spectral smearing (Festen & Plomp, 1990; George et al.,
2006; George et al., 2007; Lorenzi, Gilbert, Carn, Garnier & Moore, 2006; Wagener, Brand &
Kollmeier, 2006). Alternatively, it has been proposed that benefit of listening in the dips of
modulated noise decreases with increasing signal-to-noise ratio (SNR). As speech perception in
noise is often tested at equated intelligibility levels, hearing-impaired participants are usually
listening at higher SNRs that does not allow listening in the dips (Bernstein & Grant 2009).
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Lunner and Sundewall-Thorén (2007) showed in older adults using hearing aids that WMC
accounted for about 40% of the variance in speech recognition in modulated noise. Other studies
have also suggested that speech performance in modulated noise compared to steady-state noise
was associated to a greater extent with cognitive abilities such as working memory for older and
young adults (Rudner, Lunner, Behrens, Thoren & Ronnberg, 2012; Zekveld et al., 2013) and
linguistic closure ability (Zekveld, George, Kramer, Goverts & Houtgast, 2007). Along similar
lines, Ronnberg et al. (2010) have suggested that persons with greater WMC have more
resources to integrate fragments of speech that are recognized in dips. Speech recognition in
modulated noise compared to steady-state noise is perceived to be more effortful by persons with
hearing impairment in terms of subjective rating (Rudner et al., 2012) and physiological response
in person with and without hearing loss (Koelewijn, Zekveld, Festen, & Kramer, 2012).
However, recently Zion Golumbic et al. (2013) in an electro-physiological study in young adults
showed that in the presence of modulated noise the target speech stimuli are dynamically tracked
in the brain but the interfering noise is not tracked. This finding suggests that a mechanism of
selective attention suppresses interfering modulated noise at the perceptual level and may
provide richer representation of the target speech stimuli in working memory for young adults.

Memory for speech
The pioneering work on estimating the cognitive resources used for speech understanding has
been based on evaluating memory for heard speech using free, paired-associate or cued recall. In
free recall, the participants recalled as many words as possible, in any order. In paired-associate
recall, pairs of words were presented and the participant recalled the second word in each pair
when cued by the first word.

Free recall tasks
In free recall tasks, it has been observed that the recall scores are higher for early list items
(primacy position) and late list items (recency position) compared to mid list items (asymptote).
The items occurring in the primacy position are encoded into LTM (Glanzer & Cunitz, 1966;
Murdock, 1974). The higher scores in the primacy position is attributed to the process that early-
list items have larger rehearsal time. The performance in primacy position can be enhanced by
increasing the presentation duration (Brodie and Mudrock, 1977). Higher recency scores are due
to shorter retention interval of the late items (Salthouse, 1980). It has also been suggested that
the late-list items are being retained in the working memory and hence are easily accessible
during recall (Glanzer & Cunitz, 1966; Murdock, 1974). Unsworth and Eagle (2007) proposed a
dual storage model of memory that can be used to predict performance in the immediate free
recall task. In this framework, memory comprises of a dynamic attention component (primary
memory) and a probabilistic cue-dependent search component (secondary memory). According
to this model, individuals with low working memory suffer more from proactive interference and
hence their performance is lower both in primary and secondary memory. As proactive
interference selectively disrupts retrieval from the LTM, individual differences in working
memory are likely to be more pronounced for pre-recency items than for recency items (Ng,
2013). Ronnberg (1990) conducted a free recall test on adults with and without hearing loss
along with a battery of cognitive tests and concluded that performance in the asymptote is
associated with processing speed and thus is sensitive to cognitive aging. Murphy, Craik, Li and
Schneider (2000) compared the performance of young adults and older adults and found that in
the presence of noise, the older adults recall performance was lower than the recall performance
by the young adults, especially in the initial position of recall. Classically, it has been found that
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free recall performance in the verbal modality is better than the performance when visual texts
are provided (Murdock and Walker, 1969; Ronnberg & Nilsson, 1987). However, when both
female and male voices occur among the presented auditory stimuli, free recall performance is
usually reduced due to dual streaming of male and female voice in a list of items (Hughes, Marsh
& Jones, 2009).

Memory performance for speech heard in noise is reduced compared to performance in quiet.
Pichora-Fuller, Schneider & Daneman (1995) showed that recall performance for sentence-final
words was reduced in babble noise compared to performance in quiet for young adults with
normal hearing and older adults with near-normal hearing at equated intelligibility levels.
Similarly, paired-associate recall of spoken items is lower when the items are presented in babble
noise than in quiet for both young adults and older adults with normal hearing (Murphy et al.,
2000; Heinrich & Schneider, 2011). Furthermore, Murphy et al. (2000) showed that in the initial
positions of recall, performance for older adults in quiet is similar to the performance of young
adults in noise. Recently, there has been interest in evaluating whether noise reduction
algorithms in hearing aids reduce the cognitive demands for speech understanding in noise by
assessing memory for the final words in spoken sentences (Ng et al., 2013; Sarampalis, Kalluri,
Edwards & Hafter, 2009). Sarampalis et al., (2009) found that by using noise reduction
algorithms, recall performance in noise was improved in the primacy position for young adults
with normal hearing. Using a similar paradigm, Ng. et al (2013) showed that noise reduction
algorithms improved the performance in the recency position of recall for older adults with
hearing loss who had good reading span performance.

To summarize, the findings of studies on memory for speech suggest that CSC is likely to be
reduced by noise for adults with and without hearing loss. However, as adults with normal
hearing take advantage of listening in the dips in modulated noise, the type of noise used may
influence CSC differently in adults with normal hearing and in older adults with hearing loss.

Visual cues
It has been well-documented in the literature that speech recognition performance is higher with
audiovisual (AV) compared to auditory (A-only) presentation in persons with normal hearing
and persons with hearing loss (Erber, 1969; Grant, Walden & Seitz, 1998; Grant & Seitz, 2000;
Bernstein & Grant, 2009). Observation of lips, teeth and tongue may provide disambiguating
information that is complementary to less well-specified auditory information, by helping to
determine the place and manner of articulation. While listening in noise, AV presentation can
provide substantial benefits in terms of SNR compared to A-only (Campbell, 2009; Hygge,
Ronnberg, Larsby & Arlinger, 1992). The advantage of AV presentation has even been observed
for young adults when only a graphic representation of the movement of the articulators was
shown during detection of syllables in noise (Tye-Murray, Spehar, Myerson, Sommers & Hale,
2011). However, in this study, a similar effect for older adults was not observed but they
benefited from unambiguous visual cues. In the case of young adults, the graphic representation
does not provide disambiguating information. Thus, the benefit in speech recognition was
interpreted as suggesting that visual cues help the listener to direct their attentional capacities to
the incoming signal at the most critical time to encode the target (c.f. Helfer & Freyman, 2005).
It has been proposed that AV integration involves the episodic buffer of working memory
(Baddeley, 2000; Repovs & Baddeley, 2006). Prabhakaran, Narayanan, Zhao and Gabrielli
(2000) showed in an fMRI study that binding phonological and visual information involved the
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same prefrontal regions usually associated with executive function. Therefore, it was assumed
that multimodal binding necessarily consumed cognitive resources. However, Allen, Baddeley &
Hitch (2006) from five behavioural experiments concluded that although the presence of visual
cues demands attention similar to unimodal stimuli initially, but AV integration does not require
additional attentional resources. Moradi, Lidestam and Ronnberg (2013) found that the AV
speech recognition in the presence of noise for young adults with normal hearing is faster, more
accurate and less effortful than auditory-only speech recognition, and inferred that AV
presentation taxes cognitive resources to a lesser extent by reducing working memory load.
Yovel and Belin (2013) suggested that despite sensory differences, the neurocognitive
mechanisms engaged by perceiving faces and voices are highly similar, facilitating integration of
visual and speech information. Besle, Fort, Delpeuch and Giard (2004) in an electrophysiological
study confirmed that the AV presentation decreased neural activity for young adults compared to
A-only and visual-only when syllables were used as stimuli. Similarly, Frtusova, et al. (2013)
demonstrated that the presence of visual cues improves behavioural performance on a working
memory task demanding involvement of executive functions for both younger and older adults.
Furthermore, older adults also showed decreased neural activation with visual cues, indicating a
processing benefit in terms of less cognitive resources used in the presence of visual cues. Picou
et al. (2011) found that the person with low WMC did not derive any benefit from the presence
of visual cues whereas person with high WMC did derive benefit from the presence of visual
cues in cued recall of words. Sommers, Tye-Murray and Spehar (2005) found that the AV
integration for speech perception in noise was similar across young and older adults with normal
hearing, but the young adults had better speech reading skills compared to older adults and hence
had better performance in the AV modality.

However, other works have shown a disadvantage of presence of visual cues during speech
recognition. Fraser et al. (2010) compared sentence recognition in noise in the A-only and AV
modalities of presentation with a concurrent tactile pattern recognition task. When the A-only
and the AV stimuli were presented at same SNR ratio, performance was better in the AV
modality of presentation while performance was equal in the concurrent tactile task. However,
when the noise was adjusted to equate speech recognition performance across modalities of
presentation, performance in the tactile task was better when concurrent speech recognition took
place in the A-only modality. This finding suggests that at equated performance levels, presence
of visual cues increases listening effort and demands more processing capacity overall. Gosselin
and Gagné (2011a) extended these findings by using the same experimental paradigm that
included older adults with normal hearing in the study. It was found that the presence of visual
cues at equated intelligibility level increased listening effort both for young and older adults, but
recognition was more effortful for older adults compared to young adults.

The finding of these studies suggests that presence of visual cues reduced cognitive demands for
older adults when the task involved executive functions. Hence, CSC for older adults is expected
to be enhanced in presence of visual cues. However, when the executive demands are reduced,
for example, in speech recognition tasks, although the older adults take advantage of visual cues
but the advantage is reduced compared to that of young adults. Nevertheless, for young adults
the advantage of presence of visual cues was dependent on the level of noise. At equated speech
performance level for AV and A-only presentation, speech recognition performance has been
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found to be more effortful in young adults. Hence, it can be expected that the enhancement of
CSC in young adults in the presence of visual cues may depend on the level of noise presented.

Aging
It has been observed that cognitive resources, especially WMC, are reduced with aging (e.g.
Besser et al., 2013; Mattys, et al., 2012). Furthermore, aging is associated with hearing loss
(Pichora-Fuller & Singh, 2006). When combined, aging and concomitant hearing loss may lead
to reduced CSC compared to young adults with normal hearing. Although, cognitive resources
are reduced with aging, still it does not apply to all the cognitive resources. Importantly,
crystallized knowledge stored in long-term semantic memory is well preserved with aging, and
age-related difficulties are confined to fluid knowledge including fast, moment-to-moment
processing of information in working memory during language comprehension (Pichora-Fuller &
Singh, 2006). Aging is associated with hearing loss which may lead to spectral resolution deficits
(Smith, Pichora-Fuller, Wilson & MacDonald, 2012) in addition to temporal masking. It has
been found that speech recognition performance of older adults even with normal hearing,
especially in presence of noise, is reduced to greater extent in older adults than compared to
young adults. It happens probably due to greater auditory temporal processing deficits (Mattys et
al., 2012; Pichora-Fuller & Souza, 2003; Gordon-Salant, 2005; Pichora-Fuller & Singh, 2006).
Other factors such as widening of auditory filters also may lead to worsened speech perception
with presbycusis (Saremi and Stenfelt, 2013). The older adults because of their reduced speech
recognition performance may not be active participants in their daily communicative situation
(Hickson & Scarinci, 2007) that may lead to loneliness and depression in this population (Pronk,
Deeg & Kramer, 2013).

Gosselin and Gagné (2011b) demonstrated that the older adults performed poorly in both speech
recognition task and a secondary task of tactile recognition pattern. Hence, it can be concluded
that not only the older adults have poorer speech recognition but they also use more cognitive
resources for speech perception compared to the young adults. Pichora-Fuller et al. (1995) found
that despite adequate recognition, the older adults recalled fewer items compared to the younger
adults. It has been suggested that older adults deploy their cognitive resources for understanding
speech in a different manner compared to younger adults (Wong et al., 2009). The lower
memory performance of the older adults in the presence of the noise and even in quiet could be
accounted for by allocating more cognitive resources to speech recognition, hereby, reducing
resources available for memory processing (Pichora-Fuller et al., 1995). Despite adequate
recognition (Pichora-Fuller et al., 1995; Heinrich & Schneider, 2011; Sérqvist & Ronnberg,
2012), this reduction in cognitive resources leads to an impoverished encoding of the target
stimuli in the working memory. Reuter-Lorenz and Cappell (2008) in an fMRI study
demonstrated that the older adults consumed greater neural resources compared to the young
adults when the task demands were low, which was termed as compensation-related utilization of
neural circuits hypothesis” (CRUNCH).

In summary, it can be suggested that CSC for the older adults can be expected to be reduced
compared to that of the young adults. Older adults consume more cognitive resources for speech
understanding and the representation of speech in working memory is impoverished to greater
extent in noise. From these findings, it can be expected that CSC for the older adults to be
reduced to greater extent compared to the young adults when memory demands are higher,
especially in the presence of noise. Moreover, the older adults with concomitant hearing loss
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may not be able to take advantage of listening in modulated noise. Hence, CSC can be expected
to be reduced to a greater extent compared to the young adults with normal hearing in presence
of modulated noise. On the other hand, visual cues may reduce the influence of noise on CSC,
especially in older adults with hearing loss.

Need for a test of cognitive spare capacity

A test for measuring WMC, such as reading span, may not predict CSC, especially in degraded
listening situations. It has been argued that CSC may be quantitatively different from WMC as
WMC varies from individual to individual. Moreover, different individuals employ their WMC
to different extents for speech understanding. Furthermore, a cognitive resource that is depleted
in the act of speech perception may be compensated for, fully or partially, by another cognitive
function during further higher level of processing involved in communication. Hence CSC can
be qualitatively different from working memory. Thus, it can be argued that a measure of WMC
may not predict CSC and therefore there is a need for a separate test for CSC.

Another question that may arise here is that as there are so many test paradigms assessing the
role of cognition in speech understanding then why is there a need for another paradigm. In fact,
Ng (2013) has argued that performance in the free recall task provides an estimate of CSC. In
free recall tasks, the participants recall speech items in any order. Hence, the free recall tasks can
be assumed to be loaded on memory but the executive function demands in such tasks are
reduced. It has been argued that cognitive functions such as executive functions and linguistic
closure ability are essential for higher level of cognitive functions needed in communication
(Ronnberg et al., 2013; Besser et al., 2013). As the free recall task does not operationalize such
cognitive processes, it may not be considered as evaluating CSC for speech understanding.
Studies in dual task paradigm may provide an estimate of the CSC, but the secondary task is
usually in the visual or tactile modality and hence may not provide an estimate of the remaining
cognitive resources that are essential for higher level cognitive functions involved in
communication. Studies on listening effort where it is defined in cognitive terms can contribute
to the concept of CSC in terms of identifying listening conditions which are cognitively
demanding. It can be argued that these two concepts are distinct. Listening effort provides an
estimate of the cognitive resources depleted during speech understanding and do not provide any
information about the particular cognitive resources depleted during speech understanding or
about CSC. Such information about the particular cognitive processes involved in speech
understanding and remaining cognitive resources in CSC may help towards developing a
theoretical understanding of CSC. In addition, in most of the studies assessing memory
performance or listening effort involved in speech understanding, the modality of presentation is
in the A-only modality (except for the study by Picou, et al. 2011), while communication in real
situation is often multimodal.

In this thesis a test for CSC (CSCT) was developed and evaluated. CSCT has been designed to
be an auditory working memory task that estimates CSC in different adverse listening conditions.
It has been argued that executive functions and memory load may influence CSC (e.g. Ronnberg
et al., 2013). Therefore, CSCT assesses performance in executive function tasks of updating and
inhibition at different memory load, i.e., low load and high load conditions. As speech
communication in real life is usually multimodal and visual cues may enhance CSC, CSCT was
administered in AV modality also. The stimulus materials consist of two digits numbers and
these were arranged in lists and presented in AV and A-only modality. These lists are presented
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in three different noise conditions including quiet (no noise), steady-state noise and speech-like
noise conditions to verify the influence of different types of noise on CSC. The numbers were
presented at high intelligibility levels in the presence of noise so that the participants could
perceive most of the numbers, in order to perform the tasks in CSCT, but requiring effort. As
cognitive resources were used while perceiving the numbers, especially in the presence of noise,
it can be assumed that the performance in the CSCT task provides an estimate of CSC. A person
with higher CSC is expected to have higher scores in CSCT. To verify whether the effects
observed in CSCT are different when the executive demands in the task are reduced, a free recall
task was also administered using the same material as used in CSCT. Along with CSCT and free
recall task, a battery of cognitive tests was also administered to understand the cognitive
underpinning of the CSC. The cognitive test battery included assessing working memory
capacity, linguistic closure skills, updating and inhibition functions, processing speed and
episodic LTM capacity. In a similar paradigm, Ronnberg et al., (2014) evaluated the processing
and memory of sentences presented at high intelligibility levels in steady-state noise and at
different levels of memory load in young adults with normal hearing. Although, the performance
was reduced with increasing memory load, but surprisingly there was no effect of noise level.
Presently, this test is being further developed to make it clinically feasible.
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Methodological Considerations

Cognitive hearing science: An emerging field

There is a general consensus on the involvement of cognitive processes in speech understanding,
especially in adverse listening conditions. However in the past, research in cognitive psychology
and audiology had mostly occurred in isolation (Arlinger, Lunner, Lyxell & Pichora-Fuller,
2009). Recently, recognition of the interaction between cognition and hearing has led to
development of a new interdisciplinary area called cognitive hearing science (Arlinger et al.,
2009; Campbell, Rudner & Ronnberg, 2009; Ronnberg et al., 2009; Ronnberg et al., 2010). The
pioneering work in cognitive hearing science was initiated by assessing the memory of heard
speech in quiet and noise for both young and older adults with normal hearing (Pichora-Fuller et
al., 1995; Murphy et al., 2000). Earlier, in the field of cognitive psychology, research in working
memory and language comprehension was generally conducted on subjects with assumed normal
hearing under ideal conditions of signal presentation with emphasis on the cognitive processes
involved in speech understanding. In such studies, the effects of signal degradation including
hearing loss were ignored. In the field of audiology, research on speech perception in person
with and without hearing loss under different signal degradation was conducted. Here, relatively
simple materials such as isolated words or simple sentences were used with an emphasis on
controlling the acoustic parameters of the signal (Pichora-Fuller, 2007, Arlinger et al., 2009).
The materials used in these studies can be considered to be too simplistic with regards to the
cognitive demands of real-life communicative situation where performance was assessed on
mere word or sentence repetitions without assessing the cognitive functions such as
comprehension or communication. Hence, to predict the performance of an individual with and
without hearing loss in real life communicative situation, research approaches used in the field of
cognitive hearing science are important. The field of cognitive hearing science can be advanced
either by using tests of cognition and hearing in the same study or by developing tests that
measure both aspects cognition and hearing. In this thesis, CSCT has been developed that tests
both aspects of hearing and cognition. In CSCT, cognitive tests used in the field of cognitive
psychology are applied in the A-only and AV modality of presentation with emphasis on
acoustic parameters of the stimulus material. Furthermore, CSCT was administered to young
adults with normal hearing and to older adults with hearing loss. The finding of this thesis will
help in devising better rehabilitative approaches for individuals with hearing loss. Hence, this
thesis can be considered to be in the field of cognitive hearing science and disability research.

Disability research

Disability research is a discipline that deals with medical, psychological and social aspects of
disability. Traditionally, disability research has been driven by the theoretical models of medical
and social approaches (Bickenbach, Chattterji, Badley & Ustiin, 1999). However, approaches to
disability research restricted to one particular model or single dimension of knowledge does not
provide a holistic view of disability (Thomas, 2004). Danermark (2003) suggested the need of
multidisciplinary research in the field of hearing disability. To obtain a more holistic approach
towards the issues of rehabilitation for person with hearing loss, approaches integrating
knowledge from fields of audiology, psychology, sociology and others has been emphasized
(Borg, 2003). A bio-psycho-social model called ICF (International Classification of Functioning,
Disability and Health; WHO, 2001) has received a general acceptance in the field of disability
research. The ICF model aims at integrating the medical and social model of disability. This
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thesis, investigates CSC in young adults with normal hearing and older adults with hearing loss
to understand how this phenomenon may change over the lifespan. A horizontal dimension is
achieved in this thesis by studying the two groups of participants, varying in terms of sensory
and cognitive skills. CSCT was developed from the theoretical and experimental knowledge in
the field of cognitive psychology and neuropsychology incorporating the concept of hearing
impairment in the field on audiology. A vertical dimension to the thesis has been achieved by
including various cognitive tests from the field of psychology and also emphasizing the effects of
hearing loss, aspects of signal processing and intelligibility of stimuli material from the field of
audiology. Thus, this thesis integrates horizontal and vertical dimensions of knowledge from the
field of psychology and audiology at various levels. Although the primary purpose of this thesis
was to gain theoretical insights into the concept of CSC, which may be further applied in the
rehabilitation of persons with hearing loss. In the hearing aid industry, although the involvement
of cognitive processes in speech understanding has been acknowledged recently, the focus of
research has been based on improving signal processing aspects of hearing aids to enhance the
peripheral representation of speech input. Due to lack of tools that test both cognition and
hearing, we have little knowledge regarding whether improvement in speech understanding due
to the advanced signal processing algorithms implemented in hearing aids comes at a cost of
extra cognitive demands or relieves cognitive resources for other higher level functions of speech
communication. The theoretical knowledge of CSC may serve as a tool to improve such
rehabilitative approaches.

The ICF describes health domains and health related domains including 1) Body Functions and
Structures, 2) Activities and 3) Participation, with health condition, environmental and personal
factors interacting with activities. In accordance with the ICF, Kiessling et al. (2003) outlined
four processes that describe auditory functioning, which are hearing, listening, comprehending
and communicating. Comprehension and communication are both critical aspects of functioning
according to the ICF at levels of both activity and participation (Pichora-Fuller & Singh,
2006).The work reported in this thesis involved recruiting persons with normal hearing and
hearing loss by following a medical model. Hearing loss can be considered as an impairment of
the body structure that leads to inadequate body function. Hearing loss restricts participation in
conversation and thereby participation in society. Achieving the aims of this thesis will provide a
better basis for audiological rehabilitation. In this way, the research may have a direct influence
on environmental and participation factors for persons with hearing disability.
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Aims

The present thesis investigates CSC for young adults with normal hearing and for older adults
with hearing loss by developing and administering CSCT. The purpose of this thesis was to
investigate the theoretical underpinning of CSC which would provide a baseline for devising
new assessments tools. Such tools will help in devising better rehabilitation approaches for
person with hearing loss. To investigate whether the effects of noise and modality would
generalise to a memory tasks, a free recall task using the same material as used in CSCT was
also administered. In the free recall task, memory load is maximised by retention of all the items
but executive demands are minimised by allowing the participants to report the items they have
succeeded in retaining in any order. In this thesis, CSCT, free recall task and a cognitive test
battery was administered to two groups of participants; a) young adults with normal hearing and
b) older adults with age-related hearing loss. In CSCT, at the end of the list the participants were
asked to recall two or three numbers according to the instructions given. These instructions
induced two different executive functions, updating and inhibition, at two different memory
loads, low and high. In the free recall tasks, at the end of the lists the participant recalled as many
numbers as they remembered. The aims of thesis were to investigate how CSC is influenced by
the following factors 1) different executive demands and memory loads; 2) background noise; 3)
visual cues; and 4) aging and concomitant hearing loss.

In the first Study, the CSCT was developed and assessed along with a free recall test in young
adults with normal hearing in quiet. The aim of this study was to investigate whether CSC was
distinct from WMC and whether the presence of visual cues enhanced CSC and memory
performance in a similar manner. In the second Study, the CSCT was administered in quiet,
steady-state and speech-like noise to the young adults. It investigated how noise influences CSC
and whether the presence of visual cues moderated the effects of noise. The third Study involved
administration of CSCT in the same condition as used in the second Study to older adults with
age-related hearing loss and the performance of the participants of this Study were compared
with performance of the young adults who participated in the second Study. The aim of the third
Study was to investigate whether effects of noise and AV presentation on CSC was influenced
by aging. In the fourth Study, free call task was administered to the young adults and to the older
adults with hearing loss. The aim was to investigate whether background noise disrupts free
recall of spoken items when intelligibility is still high, whether performance is restored by
presenting visual cues and whether there were any effects of aging. Therefore, by conducting
these four Studies, the main objectives of this thesis were accomplished.
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General Methods

Participants

All participants were native Swedish speakers. The young participants with either continuing or
completed university education in Linkping University were recruited through advertisements
within the university. The older adults with hearing loss were recruited from the audiology clinic
at Linkdping University hospital. The same group of young adults participated in Studies 2 and
4, whereas the same group of older adults participated in Studies 3 and 4. The participants did
not have any reported otological, psychological or neurological problems. Visual acuity after
correction was normal for all participants as measured using the Jaeger eye chart (Weatherly,
2002). Hearing thresholds of the young participants were better than 20 dB HL in the frequency
range of 125 Hz-8 KHz. An ethical approval for the studies was obtained from the regional
ethical review board (Dnr-230-09).

Young adults

Study 1
Twenty young adults, undergraduates at Linkoping University (Age: 22-54 years, M=29.5;
S.D=8.2) completed the CSCT and cognitive test battery in this study. Additionally, ten
undergraduates at Link6ping University (Age: 21-33 years, M=27.8, SD=4.9), who did not take
CSCT, participated in the free recall test.

Studies 2 and 4
The participants were twenty young adults with either continuing or completed university
education in Linképing University. They were of 19-35 years of age (M=25.9; SD=4.4).

Older adults
Twenty-four participants (Age: 61-75 years, M=69, SD=4.7), 14 males and 10 females, with
mild-to-moderate hearing loss and no reported tinnitus completed the testing in Studies 3 and 4.
All participants had sensorineural hearing loss (Air-Bone gap <10 dB) and the mean PTA, was
34.5 dB HL (SD=3.6). The participants reported that their hearing loss was acquired post-
lingually. An epidemiological study from a larger area in the same location showed that 73.1%
of the individuals in the age range of 70-80 years and 42.1% in the age range of 60-70 years had
mild hearing loss (Johansson & Arlinger, 2003). In the present study, all participants had mild
(PTA4: 26-40 dB HL; WHO, 2013) hearing loss, except for one participant aged 74 years who
had moderate (PTA4: 41-60 dB HL; WHO, 2013) hearing loss. Hearing thresholds of all
participants at all four frequencies were within one standard deviation of population means for
the age group reported by Cruickshanks et al. (1998). Thus, hearing status was representative for
their age group.

Material

Stimuli
Recordings of the stimulus material for the CSCT in the AV modality were prepared in Swedish.
Two native Swedish speakers, one male and one female, with no distinctive dialect were
instructed to use the Swedish “Speaking clock” (Froken ur), as a pronunciation reference during
recording. At the same time an independent higher quality audio recording was carried out at the
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sampling rate of 44100 Hz with 16 bit resolution. The speakers wore dark colored clothes and
were asked to maintain a neutral expression throughout the recording. Both speakers recorded
the set of numbers from 13-99, spoken sequentially three times. A grey background was used
and the speaker’s neck and head were visible. The video was filmed using a digital camera (Sony
HVR-VIE, PAL 25 fps) having a resolution of 720x576 pixels with 1536 bit resolution along
with the audio track and digitized into AVI video format.

For each of the six separate recordings, the waveform of the independent higher quality audio
recordings and the waveform of the audio track in the video of the entire sequence of numbers
(13-99) were synchronized in Adobe Audition (Version 3) by matching the visual representation
of the two waveforms at the onset of the auditory signal using the cursor. The synchronized
audio tracks were imported into Adobe Premiere Pro (Version CS3) to make sure both the audio
files and video file are of the same duration and the two waveforms were matched at the onset of
auditory signal. The audio track in the video was removed and the higher quality audio recording
was retained along with the video. From each sequence of numbers (13-99), 87 numbers were
sampled out from the start to end of the articulator movements; hence, each AV and audio
sample had 51-61 frames with maximum presentation duration of 2.5 seconds per sample. It was
ascertained from a validation study that the audio and video recorded by the camera were in
synchrony. Using Final Cut Pro, the placement of audio waveforms of simultaneous buzzer tones
and blinks from an LED electronic electric-tension meter were compared. The blinks of about 30
ms in duration, with an interval of about 25 ms were recorded using the camera. Analyzing ten
clips, each with eight blinks-and-tones, there was no average offset between blinks and tones.
This validates that a hypothetical offset is less than 1/16 of the frame duration (40 ms) = 2.5 ms.
Data obtained from the study showed that the potential synch errors are constant and that if there
are synch errors, they are less than 2.5 ms.

Three native Swedish speakers rated these samples for naturalness of pronunciation. The final set
of stimulus material was assembled from the highest rated sample of each number spoken by
each of the two speakers. The quality of the items in the final stimulus set was checked by a
practicing speech and language pathologist. The audio waveforms of all numbers were equalized
to the same root mean square (RMS) level using MATLAB (Version 2009b). The numbers were
arranged into lists, each containing thirteen numbers.

It is known that even after RMS equalization, there is lot of variation in intelligibility of different
speech tokens. Therefore, in Studies 2, 3 and 4, the levels of the numbers were equated for 50%
intelligibility in steady-state noise using a group of ten young adults with normal hearing. This
was accomplished by increasing the SNR in steps of 1 dB for each number until a correct
response was given in a procedure similar to that described in Hallgren, Larsby and Arlinger
(2006). This was carried out to minimize the confounding factor of audibility while recalling
numbers in noise.

Noise
The stationary noise was a steady-state speech-weighted (SSSW) noise, having the same long
term average spectrum as the recorded numbers. It was created by filtering white noise with the
same frequency characteristics as the stimulus material using MATLAB (Version 2009b). The
modulated noise was the International Speech Testing Signal (ISTS; Holube, Fredelake, Valming
& Kollmeier, 2010). The ISTS noise is designed to be speech-like but is unintelligible and is thus
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composed of concatenated speech segments of around 500 ms duration in six languages
(American English, Arabic, Mandarin, French, German and Spanish) spoken by six different
female speakers. Keeping the speech level constant, the noise levels were changed to obtain
individualized SNRs.

Individualizing Signal-to- Noise Ratio (SNR)
The stimulus materials (numbers) in A-only modality and the SSSW noise were used in an
adaptive procedure to determine the individualized SNR for presentation of the CSCT. In this
adaptive procedure, the first stimulus was presented at an SNR of 5 dB and the participants were
instructed to repeat the numbers they heard and were encouraged to guess if they were unsure.
For the first run, for each new presented number that was repeated correctly, the noise was
increased by steps of 3 dB until the participant’s response was incorrect. Thereafter, the step size
was changed to 1 dB and 30 numbers were randomly selected and presented consecutively to
determine the 84% intelligibility level adaptively in a four-down/one-up procedure (Levitt,
1971). In the second step, the SNR obtained for 84% intelligibility was increased by 0.5 dB to
give an approximate intelligibility level of 90% in SSSW noise. This 0.5 dB increment to yield
an approximate intelligibility level of 90% in SSSW noise was verified in a piloting study using
six participants with normal hearing. The 90% intelligibility level in noise was chosen so that the
participants were able to perceive most of the numbers to perform the tasks in CSCT, but some
effort was required for this perception. To verify the intelligibility at this new SNR, sixty
numbers, again randomly selected from the stimulus material were used. These numbers were
presented at the set SNR and the intelligibility with SSSW and ISTS noise was obtained
independently. The same individualized SNR levels were applied in the SSSW and ISTS noise
during CSCT presentation. The above tests were implemented in MATLAB (Version 2009b).

Amplification
To equate the audibility for older adults with hearing loss and young adults, the signal (number
and noise) was presented with individualized amplification for the older adults with hearing loss
in Studies 3 and 4. The signal for all speech in noise tests with auditory presentation was
amplified using the Cambridge prescriptive formula (Cameq) for linear hearing aids (Moore &
Glasberg, 1998). This amplification was implemented in a master hearing aid (MHA) system
(Grimm, Herzke, Berg & Hohmann, 2006). The participant’s audiogram was used to set the gain
according to the Cameq fitting rule giving individual amplification for each participant.

Cognitive Spare Capacity Test

In the CSCT, the lists of thirteen two-digit numbers (13-99) were presented serially and after
each list the participant was asked to report particular list items, depending on the condition. The
stimulus materials consisted of two-digit numbers spoken by a male and a female speaker in
Swedish. The lists were presented in quiet (no noise) in the first Study and in the subsequent
three Studies, lists were presented in quiet, steady-state noise and speech-like noise with
intelligibility levels approximating 90% in noise. The stimuli were presented with individualized
amplification for person with hearing loss. The modality of presentation was either AV or A-
only in all the Studies. The same lists were presented in all the Studies. Numbers were repeated
between two and eight times over all lists but never within one list and the same condition. In all
conditions the task was to remember at least two items specified according to certain
predetermined criteria. Storage demands were manipulated in terms of working memory load. In
the low load conditions, participants were asked only to recall the two specified items. In the
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high load conditions, they were asked to additionally recall the first list item (which is never one
of the two specified items). Adding an extra to-be-remembered item is an established method of
increasing working memory load (Braver, Cohen, Nystrom, Jonides, Smith & Noll, 1997).
Processing demands were manipulated in terms of the executive function tapped by the working
memory task. The two executive functions involved are updating and inhibition. In the updating
task, the participants were asked to recall either the highest (in one version) or the lowest (in the
other version) value item spoken by the male and female speaker in the particular list. Thus, in
the updating conditions, the participant had to update working memory storage each time an item
is presented that meets the criterion. There were either three or four updating occasion per list
balanced across conditions. In the inhibition task, the participants were asked to recall either two
odd numbers spoken by the male (in one version) or even numbers spoken by the female speaker
(in the other version). Thus, in the inhibition conditions, the participant had to inhibit storage of
items having the desired parity but spoken by the non-target speaker. Similar to the updating
task, there was either three or four inhibition occasions balanced across conditions. In the two
executive conditions, working memory storage load was taxed to a similar degree depending on
whether the condition is low or high load. The serial position of the two target numbers was
balanced across the lists. Additionally, in the updating conditions of CSCT, if the highest two
numbers were asked to be recalled, the first number to be recalled in the high memory load
condition was a number in thirties or lesser and similarly, if the lowest numbers were to be
recalled, the additional number recalled in high memory load condition was in the seventies or
higher. For the inhibition condition when odd numbers were recalled, the first number recalled in
the high memory load was an even number spoken by the female and vice versa when even
numbers were recalled. In the first Study, the lists were presented in quiet only, but in Studies 2
and 3, the lists were presented in quiet, SSSW and ISTS noise. Additionally, the presence or
absence of visual information was manipulated. In AV conditions, a moving image of the
speaker’s face articulating the item was presented simultaneously with the A-only signal. For
high memory load trials, the first number (dummy item) was not included in the scoring. Thus,
all scoring in the CSCT was based on correct report, in any order, of two numbers.

Experimental design of CSCT
In the first Study, there were eight conditions of presentation with two executive function
(updating, inhibition), two memory load (low, high) and two modalities of presentation (AV, A-
only) in a 2x2x2 design. In Studies 2 and 3, the participants performed executive function in
different memory load and modalities of presentation of CSCT with stimulus presentation in
quiet, SSSW noise and ISTS noise in a 2x2x2x3 design.

Administration of CSCT
The CSCT was administered using the DMDX software (Forster & Forster, 2003). The
participants performed the CSCT under four different conditions in Study 1 and twelve different
conditions in Studies 2 and 3 per executive task in separate blocks. Hence, six lists per condition
were assessed in Study 1 while in Studies 2 and 3, two lists per condition were tested. The order
of the conditions was pseudo-randomized within the two task blocks and balanced across the
participants. In Study 1, the visual stimuli were presented using a computer with a screen size of
14.1 inches and screen resolution of 1366 x 768 pixels. The video was displayed in 720 x 576
pixels resolution in the centre of the screen and the auditory stimuli were presented through
speakers at the sound levels preferred by the listeners. For the noisy conditions in Studies 2 and
3, the noise sound files were played together with the AV and A-only stimulus files in DMDX.
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The noise onset was one second prior to onset of stimulus and the noise offset was at least one
second after the stimulus offset. The lists of numbers were always presented at 65 dB SPL and
the level of the noise varied depending upon the individualized SNR level before individualized
amplification for hearing loss. The same individualized SNR was used for all noisy trials. Across
all the conditions (noisy or quiet), the duration of presentation of each number list was 33
seconds in AV and A-only modality. The visual stimuli in Studies 2 and 3 were presented using a
computer exactly in same manner as used in Study 1 and the auditory stimuli were presented
through Sennheiser HDA 200 headphones. Additionally, in Studies 3 and 4, the auditory stimuli
were presented through headphones after individualized amplification through the MHA for the
older adults with hearing loss.

The participants were provided with written instructions for the particular executive task before
each of the blocks, and the instructions were also elaborated orally. In addition to this, before
each list was presented, the participant was prompted on the computer screen as to which version
of the executive task was to be performed, what was the modality and whether to remember two
or three numbers (high or low load). The task prompt remained on screen until the participant
pressed a button to continue for the test. At the end of each list, an instruction “Respond now”
appeared on the screen and the participants were required to type the target numbers in Study 1,
but oral responses were recorded in Studies 2 and 3. Corrections to reported numbers were
allowed. The participant then pressed another button when they were ready to continue. All the
participants practiced each task with two lists before performing the test. The participants were
specifically instructed to keep looking at the screen during stimulus presentation. This instruction
applied even during presentation in the A-only modality where a fixation cross was provided at
the centre of the screen. If they looked away from the screen, the test was stopped after the
presentation of the list and the participants were reinstructed to keep looking at the screen.

Free recall task

The free recall task used the same set of stimuli lists as used in the CSCT. In Study 1, the
complete set of the materials used in CSCT was used in free recall task and in the same
modalities of presentation (AV and A-only). In Study 4, each participant was presented with 24
of the 48 lists of the CSCT, 12 in AV and 12 in the A-only modality in three noise conditions
(quiet, steady-state and speech-like noise). Allocation of the 48 lists was balanced across all the
participants. At the end of each list the participants were asked to recall as many of the numbers
given in the list as possible, in any order. The score was the mean percentage of correctly
recalled numbers from primacy, asymptote and recency portions of the list. Primacy referred to
the first two list items, recency referred to the last two list items and the asymptote was the
remaining nine items.

Experimental design of free recall task
Altogether, with two modalities of presentation and three position of recall, the free recall test
had a 2x3 experimental design in Study 1. Additionally, in Study 4 the lists were presented in
three noise conditions, hence, the free recall had an experimental design of 2x3x3.

Administration of free recall task

The free recall test was administered using the DMDX software .The order of the noise
conditions was pseudo-randomized within the two modalities of presentation and the order of
modality of presentation was balanced across the participants. In Study 1, the administration of
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the free recall task was exactly carried out in the same manner as CSCT was administered in
Study 1. In Study 4, the free recall task was administered exactly in the same manner as CSCT
was administered for the young adults in Study 2 and for the older adults in Study 3.

Before the free recall test, the participants were provided with written instructions and the
instructions were also elaborated verbally. First a prompt regarding the modality of presentation
appeared on the screen and the participant pressed a button to begin the presentation of the list.
At the end of the list an instruction “Respond” appeared on the screen and the participants were
required to type the target numbers in Study 1, but oral responses were recorded in Study 4. The
participant pressed another button to continue to the presentation of the next list. The participants
were always encouraged to keep looking at the screen and even during the presentation in the A-
only modality, a fixation cross appeared on the screen. If a participant was distracted, they were
reminded to look at the screen.

Cognitive Test Battery

Reading span test
The reading span test provided a measure of WMC. In this test, the participants read a series of
sentences which appeared on the computer screen one at a time (Daneman & Carpenter, 1980,
Roénnberg et al. 1989). Each series consisted of three to six sentences presented in an increasing
series length and each sentence consisted of three words. There was an interval of 50 ms between
the words and each word was shown for 800 ms. Half of the sentences were coherent and the
other half were absurd. After each sentence, the participant was given 1.75 seconds to judge the
semantic coherence of the sentence before the next sentence appeared. The participant responded
‘yes’ (if the sentence was coherent) or ‘no’ (if the sentence was absurd). At the end of the
presentation of each series of sentences, the participants were prompted by an instruction on the
screen to recall either the first or the last word of all the sentences in the series in the order in
which they appeared on the screen. All the participants practiced with a series of three sentences
before the actual testing was carried out and if necessary, the practice was repeated. There were a
total of 54 sentences in the actual test. The dependent measure was the total number of words
correctly recalled in any order.

Text reception threshold (TRT)
The Text Reception Threshold (TRT) test taps the ability to make linguistic closure during
speech processing (Zekveld et al. 2007). A Swedish version of the TRT test, using Hearing In
Noise Test (HINT; Nilsson, Soli, & Sullivan, 1994) sentences was employed (Héllgren, et al.,
2006). The test consisted of presentation of three lists of 20 HINT sentences each, the first list
being a practice list. The sentences appeared on the screen in red print masked by a pattern of
vertical black bars. At the start of each trial, the bar pattern was first visible and then the sentence
appeared. The timing of the appearance of each word was based on the audio files that were
available for each of the sentences; the presentation rate of the words in each sentence was equal
to the speaking rate in the specific speaker file (Héllgren et al. 2006). All the words remained
visible on the screen until the sentence was complete. After the presentation of the last word of a
sentence, the sentence remained visible for 3.5 seconds. Thus, first the black bars appeared on
the screen and then the sentence appeared word by word in red, giving the appearance that the
sentence was partially hidden by the black bars. The first sentence was presented with an
unmasked threshold of 16% (i.e., 16% of the sentence was visible) and was repeatedly presented
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with an increased percentage of unmasked text (decreasing density of the bar pattern) until the
participant was able to read the sentence correctly. For the first sentence a double step size (12%)
was used, i.e., 12% more of the sentence was visible in each step and a step size of 6% was used
for sentences 2-19, which were presented once and adapted to the response of the participants.
The TRT is the average percentage of unmasked text for sentences 5-21 (the percentage of
unmasked text of sentence 21 relied on the response to sentence 20). The average percentage of
unmasked text from the two lists of sentences was used as the dependent variable.

Letter memory test
The letter memory test measures the updating skills of an individual. In the letter memory test
(Morris & Jones, 1990; Miyake et al. 2000) lists consisting of 5, 7, 9 or 11 consonants were
presented. In each of the list, the consonants appeared at the centre of the screen for 2 seconds
each using the DMDX software. The participants were asked to remember the four most recent
letters and then they were prompted to recall them at the end of each sequence. Sequence length
was randomized across the trials to ensure that the participant followed the instructed strategy
and continuously updated their working memory representation until the end of each trial. Two
lists, each consisting of 7 and 9 letters were presented as practice. The testing consisted of 12
lists. The participants were asked to recall the letters in the order they appeared on the screen
using the keyboard in Study 1. In Studies 2, 3 and 4, the responses of the participants were audio
recorded. The score was the number of letters correctly recalled, irrespective of order.

Simon task
Simon task measures the inhibition skills. In this go/no go task (Simon, 1969; adapted from
Pratte, Rouder, Morey & Feng, 2010), the red and blue rectangular blocks appeared at two
second intervals either on the left or on the right of the computer screen. It was presented using
the DMDX software. The participants were instructed to respond as quickly as possible to the red
blocks by pressing a key present on the right side of the key board and the blue blocks by
pressing a key on the left side of the keyboard in Study 1. In the subsequent Studies, external
buttons were used. The participant had to ignore the spatial position in which the blocks
appeared on the screen. Sixteen blocks were presented. There was no practice conducted for the
test. When the spatial position of the stimulus and the correct response key coincided, the trial
was termed as congruent; otherwise it was incongruent. The difference in the average reaction
time between the incongruent and the congruent trials was taken as a measure of inhibition. The
mean reaction time obtained on the congruent trials was taken as a measure of the processing
speed.

Delayed free recall of reading span test
A delayed free recall of the reading span test was used to measure the episodic LTM of the
participants. In this test the participants were asked to recall words or sentences remembered
from the reading span test after approximately sixty minutes, without forewarning. During the
sixty minutes, the participants performed the other tests in the cognitive test battery. The score in
the delayed free recall of the reading span test was the total number of words recalled by the
participant, irrespective of the order and the performance in the reading span test. The
participants did not have any time restriction to recall the words or sentences. This test was not
included in Study 1.
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Procedure

The participants, on arriving in the laboratory, were fully briefed about the study and a consent
form was signed. In Study 1, all testing were conducted in one session that lasted for almost two
hours. All the participants underwent a hearing and vision screening in a room that had a low
ambient noise. CSCT was administered first followed by the Simon task, the reading span test,
the letter memory task, and finally, the TRT. For the free recall task, another experiment was
conducted where the participants performed the free recall task in one session approximately of
90 minutes in duration.

In subsequent Studies, the testing was conducted in two sessions, each approximately of two
hours in duration. The participants first underwent vision screening and audiometric testing in an
audiometric test booth. The reading span test was administered first and then was followed by
the Simon task, the letter memory test and the TRT test in a separate room. Individual SNRs for
the CSCT and free recall test were determined in the audiometric test booth and the delayed
recall of the reading span test concluded the first session. In the second session, the CSCT test
was followed by the free recall test. The participants were allowed to take breaks after different
tests were conducted, and also within different blocks of CSCT and free recall testing, whenever
desired. Written instructions were provided for all the tests and the participants were given the
opportunity to request an oral clarification.
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Summary of the Studies

Study 1

Purpose
The purpose of this study was to determine whether the cognitive spare capacity as measured by
CSCT was distinct from WMC as measured by the reading span test. This study was also
performed to establish and evaluate CSCT. Another significant purpose of this study was to
evaluate whether executive functions, memory load and modality of presentation, were
successfully manipulated in CSCT. To determine whether the presence of visual cues benefited
in recall performance with reduced executive demands, a free recall task was also administered.
By administering a cognitive test battery along with the CSCT, the cognitive underpinning of
CSC was evaluated that will serve as a baseline for understanding the construct of CSC, as
CSCT was administered in quiet to young adults with normal hearing.

Methods
In this study, the CSCT and a cognitive test battery excluding the test for episodic LTM was
administered to twenty young adults with normal hearing. In a separate experiment, a free recall
task was administered to ten young adults. The CSCT and free recall task were administered in
quiet condition only.

Results and discussion
The repeated measures analysis of variance (ANOVA) of CSCT data revealed main effects of the
executive function, memory load and modality variables. There were no interactions.
Performance was lower in the updating task than in the inhibition task, in the high memory load
conditions than in the low memory load conditions and, surprisingly, lower in the AV than in the
A-only modality of presentation. To ascertain that the better performance was due to the
executive demands of the CSCT rather than driven by the stimulus material, ten different young
participants performed a free recall task on the CSCT lists. The repeated measures ANOVA
revealed a main effect of modality of presentation showing that free recall performance was
better in the AV modality of presentation than in the A-only modality. The serial position effects
were in expected lines and the interaction was also significant. Investigation of the interaction
revealed better performance in the AV modality in the primacy and recency positions but not in
the asymptote position. One possible explanation of poorer performance in the AV modality of
presentation in the CSCT is that the loading executive function makes it difficult to prioritize
task-related processing in the presence of low priority stimuli (Lavie, 2005). In this case the
superfluous information in visual modality may be considered as low-priority stimuli for young
adults with normal hearing as the task in CSCT could be performed based on A-only input only.
The performance in CSCT in any of the condition was not associated with WMC as measured by
reading span test. Thus, it suggests that CSC is quantitatively and qualitatively different from the
working memory. The performance in the updating and inhibition condition of the CSCT was
associated with the independent measure of executive function task. CSCT performance was
associated with TRT, which is a measure of skills used for making linguistic closure.

Study 2
Purpose
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The main purpose of this study was to investigate how noise influences CSC. It was predicted
that noise would disrupt executive processing of intelligible auditory two-digit numbers leading
to a lower CSCT performance compared to the performance in quiet. It was also expected that
ISTS noise would be more disruptive than steady-state noise given the same SNR, particularly
during the inhibition task. Seeing the talker’s face would counteract the noise decrement by
helping the listener segregate target from noise and generate richer cognitive representations.
However, in quiet conditions, visual cues would act as a distractor and reduce performance.

Methods
In this study, CSCT and a cognitive test battery was administered to twenty young adults with
normal hearing. In the noise conditions, the mean SNR for CSCT presentation was -2.17 dB
(SD=0.85). The mean intelligibility level for the SSSW noise was 93.8% (SD=3.0) and for the
ISTS noise was 92.3% (SD=2.9). There was no statistically significant difference in speech
intelligibility performance in SSSW and ISTS noise (¢ (38) = 1.58, p =0.12).

Results and discussion
The repeated measures ANOVA of the CSCT scores revealed main effects of executive function,
memory load, modality and noise. The main effect of executive function and memory load
showed higher CSCT scores in inhibition than updating conditions and in low than high memory
load conditions, replicating the results of the previous study. Furthermore, CSCT scores were
higher in the AV than in A-only conditions. In addition, analysis of the main effect of noise
revealed that the CSCT scores in quiet and ISTS noise was significantly higher than in SSSW
noise but there were no significant difference between the performance in quiet and ISTS noise.
The two-way interaction between noise and modality was significant. It was hypothesized that
performance would be better in the A-only than in AV modality in quiet but the opposite was
expected in noise. Planned comparisons revealed better performance was observed in A-only
compared to AV in quiet, and better performance in AV compared to A-only in SSSW noise in
line with the predictions. However, in ISTS noise there was no significant difference between
performance in AV and A-only conditions. The better performance in A-only modality compared
to AV has been reported in dual task paradigm studies as well (Fraser et al., 2010; Gosselin &
Gagné, 2011). This may be because loading on executive functions makes it difficult to prioritize
task-related processing in the presence of low-priority stimuli (Lavie, 2005). The presence of
visual cues for young adults with normal hearing can be considered as a low-priority stimulus, if
not a distractor for the participants. Higher CSCT performance in ISTS noise compared to SSSW
noise may be explained by a selective attention mechanism that comes into play when speech
stimuli are presented against a background of speech-like noise (Zion Golumbic et al.,
2013).This finding suggests that selective attention at higher cortical levels suppresses interfering
modulated noise at the perceptual level and may provide richer representation of the target
speech stimuli in memory. In SSSW noise, it is likely that selective attention to the speech
stimuli could not be achieved due to the lack of modulation in the interfering noise, thus,
resulting in a failure to segregate the speech stimuli from the SSSW noise (c.f. Helfer and
Freyman, 2005). There was no interaction between the executive function and the type of noise
or memory load; hence, the data of present study did not provide any evidence that CSC was
influenced differently by the executive function task in presence of different types of noise.
There was no significant difference in performance in the AV modality between any of the noise
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conditions including quiet. These findings demonstrate that when noise disrupts executive
processing of speech, seeing the face of the talker counteracts the disruptive effect of the noise.

The correlation between speech performance in ISTS noise and performance in the Simon task
suggests that inhibition skills may come to the fore to suppress irrelevant information during
memory encoding (Janse, 2012; Sorqvist, Stenfelt & Ronnberg, 2012). The association of speech
performance in ISTS noise and TRT suggests a role for linguistic closure during speech
perception performance in noise when irrelevant cues have to be disregarded (Zekveld et al.,
2013). There was no overall correlation between CSCT performance and WMC as measured by
reading span test, but CSCT performance in quiet conditions did correlate with WMC. CSCT in
quiet conditions is likely to be more similar to independently measured WMC, which may
explain the intercorrelation. The pattern of correlations between the CSCT and the cognitive test
battery suggests that consistent demands were made on updating skills whereas inhibition skills
had less impact. The explanation may be that during executive processing of numbers, updating
skills compensated for the unavailability of inhibition skills already engaged in suppressing noise
during perception of numbers.

Study 3

Purpose
In this study, CSC was assessed in older adults with hearing loss. The data of the present study
and the previous study was reanalyzed to explore the effect of aging and concomitant auditory
decline on CSCT performance.

Methods
Twenty-four older adults with mild to moderate hearing loss participated in this study. The
hearing thresholds of the participants were similar to the hearing thresholds reported in
population of same age group, hence the hearing loss was considered to be age-related. The
participants performed the CSCT and the cognitive test battery. The mean SNR for CSCT
presentation in noise was -0.17 dB (SD=1.39). The mean intelligibility levels for the SSSW noise
was 94.5% (SD=3.0) and for the ISTS noise was 88.3% (SD=3.0). The difference between these
levels was statistically significant, ¢ (46) = 7.05, p<0.01.

Results and discussion
The repeated measures ANOVA of the CSCT scores of the older adults with hearing loss
revealed main effects of executive function, memory load, modality and noise. The main effect
of executive function and memory load showed higher CSCT scores in inhibition than updating
conditions and in low than high memory load conditions, similar to the findings of young adults
with normal hearing. The CSCT scores were higher in the AV modality compared to A-only
modality and there was no interaction with noise, thus, indicating that even in quiet the
performance was better in the AV modality. This finding suggests that even in quiet conditions,
seeing the talker’s face helps the older individuals with hearing loss to form better cognitive
representations of spoken words, leading to higher performance in AV modality. Further,
analysis of the main effect of noise revealed that CSCT performance in quiet was better than the
performance in both noises, but there was no difference between performance in ISTS and
SSSW noise. To test whether the difference in intelligibility influenced memory performance,
difference in recall of the first list item in the high memory load conditions when items were
presented in SSSW noise was compared to the recall in ISTS noise. Statistically, there was no
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significant difference, thus, suggesting that CSCT performance in SSSW and ISTS noise is not
an artifact of intelligibility differences. It has been demonstrated that persons with hearing loss
are poorer at segregating speech from noise than persons with normal hearing and that when the
noise is modulated; this decrement is even greater (Festen & Plomp, 1990). Performance in
CSCT was not significantly associated with performance in the reading span test, except in the
ISTS noise conditions. Previous work has shown that speech recognition in modulated noise,
especially in speech noise, is associated with WMC (Zekveld et al., 2013). This may be caused
because listening in modulated noise involves integrating fragments of information available in
the dips of the noise (Lunner, 2003). Moreover, better CSCT performance was associated with
better episodic LTM. One interpretation of this finding is that higher scores in CSCT may be due
to better representation in working memory that would also lead to higher LTM (Rénnberg et al.,
2011). In addition, an efficient LTM may facilitate the processing of speech, therefore, leading to
fewer demands on the cognitive resources (Ronnberg et al., 2013). Thus, LTM may form a
processing bottleneck for this group.

Reanalysis
A reanalysis of the data of the present study and the previous study where CSCT was
administered to young adults with normal hearing was conducted by a mixed repeated measure
ANOVA on CSCT scores with the two groups of participants as a between subjects variable. A
main effect of group revealed lower CSCT scores for the older adults with hearing loss compared
to the younger adults with normal hearing. Examination of the two way interactions with the
group factor revealed that the poorer performance of the older adults was driven mainly by
performance differences in more challenging conditions: high memory load, A-only modality of
presentation and in ISTS noise, where the performance of the older adults was significantly
lower compared to the young adults. This finding suggests that CSC can be enhanced in older
adults by reducing noise, providing visual cues and reducing the cognitive demands in listening
tasks. The performance of the participants in the present study was significantly poorer in all the
cognitive tests than that of the young adults. Furthermore, the correlation of CSCT performance
and cognitive test battery revealed that age-related sensory and cognitive decline lead not only to
a depletion of CSC but also to a redistribution of its individual cognitive components.

Study 4

Purpose
The purpose of the present study was to determine whether background noise disrupts free recall
of spoken items when intelligibility is still high, and whether performance is restored by
presenting visual cues. We examined this in young adults in Experiment 1 and in older adults
with hearing loss in Experiment 2.

Method
The free recall task and the cognitive test battery were administered to young adults and the older
adults.

Results and Discussion

Experiment 1
The repeated measures ANOVA of free recall scores of the young adults revealed main effects of
modality, noise and serial position. There were no interactions. The recall scores were higher in
the AV than in A-only conditions. Analysis of the main effects of noise revealed that recall
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scores in quiet was significantly higher than the scores in SSSW noise and there was no
significant difference in performance in quiet and ISTS noise, or in SSSW and ISTS noise. The
serial position effects were in expected lines. However, these three effects did not interact with
each other, thus indicating that visual cues provide a general benefit in a free recall task when
memory load is high and executive demands are minimised, irrespective of noise and serial
position. The lack of association between free recall performance and the other cognitive tests
used in this study suggests that free recall of highly intelligible auditory numbers by young
adults with normal hearing does not require the cognitive abilities tested in this Experiment.

Experiment 2
The repeated measures ANOVA of free recall scores of the older adults with hearing loss
revealed main effects of modality and serial position in a similar manner to that observed in the
young adults. Analysis of the main effect of noise revealed that recall scores in quiet was
significantly higher than the scores observed in both SSSW noise and ISTS noise, and there was
no significant difference between the performance in ISTS noise and SSSW noise. The two-way
interaction between noise and position of recall was significant. Post-hoc analysis revealed that it
was only in the primacy position that the participants had significantly higher recall scores in
quiet than compared to both SSSW and ISTS noise. Furthermore, performance on the letter
memory test was negatively associated with the disadvantage of SSSW and ISTS noise in
primacy position. These two findings suggests that participants with greater ability to update the
contents of working memory showed less disruption in the ability to transfer the items to the long
term memory. The recall performance from the asymptote position was associated with updating
ability; the ability to make linguistic closure and episodic LTM. Successful performance in
asymptote positions indicates an ability to encode items more durably in the working memory
and it can be expected that this encoding ability can be associated with an ability to update
working memory efficiently, good linguistic closure ability and efficient episodic LTM.

Reanalysis
In the reanalysis of the data, a mixed repeated measures ANOVA was conducted on the free
recall scores with Experiment 1 and 2 as a between subject factor. There was a main effect of
group which revealed that the young adults had higher recall scores than the older adults with
age-related hearing loss. The interaction of modality and experiment was significant which
revealed that the young adults had higher recall scores compared to older adults in AV modality
but not in A-only modality. Moreover, the AV benefit was significantly better in young adults
than compared to older adults. This finding suggests that the young adults took advantage of AV
modality of presentation better than the older adults with hearing loss. This finding is in line with
that of Sommers et al. (2005). Further, the older adults had lower reading span scores than young
adults, indicating that they had lower WMC. Thus, the finding of greater benefit of visual cues
by young adults is in line with that of Picou et al. (2011) who found that only persons with high
WMC derived benefit from the presence of visual cues. This pattern of findings suggest that
when executive processing demands are high, as found in the CSCT, visual cues compensate for
the reduction in CSC attributable to noise. But on the other hand, when executive demands are
low, as observed during free recall, visual cues provide benefit across the conditions, although
less for older adults with poorer cognitive skills. The results also suggested that the older used
updating skill, linguistic closure ability and episodic LTM to encode speech items durably in
working memory unlike in young adults at high intelligibility of speech items.
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General Discussion

In this thesis, the CSCT was developed and administered to young and older adults with hearing
loss. The CSCT systematically manipulates executive processing and memory load. To verify
whether the effects of noise and modality would generalise to a memory task, a free recall task
using the same material as in the CSCT was also administered. In the free recall task, memory
load is maximised by requiring the retention of all items but executive demands are minimised
by allowing participants to report the items they have succeeded in retaining, in any order. Along
with the CSCT and free recall task, a cognitive test battery was also administered. The main
finding was that CSC in older adults was enhanced and made similar to that of young adults by
adding visual cues, reducing the memory demands and reducing the negative effects of noise.
Importantly, this could only be revealed by the new test of CSC and not by a traditional free
recall task. The findings of this thesis contribute to develop a theoretical understanding for CSC
and also have implications for the rehabilitation of persons with hearing loss. It suggests ways in
which CSC can be enhanced to facilitate performance in daily communicative situations for
persons with hearing loss.

Cognitive spare capacity and compensatory mechanisms

Speech understanding demands cognitive resources, especially in adverse listening conditions.
CSC can be expected to be reduced in adverse listening conditions, such as when memory
demands are higher, in background noise and in the absence of visual cues. Figure 1 depicts the
various factors which affected CSC.

Visual cues
Working Cog n itive \ éﬁ Cognitive compensation
memory 5pa re Noise
capacity

capacity ( Memory load
‘ ; 4

Aging and hearing loss

Figure 1: Factors affecting cognitive spare capacity. The grey area indicates the cognitive
resources constituting cognitive spare capacity which are distinct from working memory
capacity.

The results of this thesis showed that CSC reduces when memory load increases, suggesting that
CSC is reduced when higher number of items are retained in working memory. CSC was
decreased in noise compared to in quiet for young adults and older adults with hearing loss.
Listening in noise led to impoverished representations of speech in working memory, thus more
cognitive resources were needed to integrate stored information and accomplish executive
function tasks. For younger adults, CSC was not reduced in speech-like noise. This is likely to be
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because younger adults with normal hearing were able to segregate speech from interfering noise
better than older adults with hearing loss.

Visual cues reduced the effects of noise, especially for older adults with hearing loss. CSC for
older adults with hearing loss was similar to that of young adults when visual cues were present.
Visual cues enhanced CSC in older adults in adverse listening conditions, such as higher
memory load and in the presence of speech-like noise. Importantly, the enhancement of CSC in
the presence of visual cues in adverse listening conditions could only be revealed by the new test
of CSCT and not by a traditional free recall task. Even in quiet, CSC in older adults with hearing
loss was enhanced by presence of visual cues which suggests that the older adults consumed
cognitive resources for speech understanding even in quiet. Visual cues reduced CSC only for
young adults in quiet, where the superfluous visual information can be considered as a
distraction.

Aging and concomitant hearing loss reduced CSC as expected. In the presence of hearing loss,
representations of speech can be considered to be impoverished due to reduced audibility. The
findings suggested that with aging and concomitant hearing loss, CSC was reduced in adverse
listening conditions, namely, in the absence of visual cues, with higher memory load and in the
presence of speech-like noise. The association of CSC with cognitive functions suggests that the
older adults partially compensated for their reduced resources in working memory by using
resources from episodic LTM, which is in agreement with cognitive ageing studies (Pichora-
Fuller & Singh, 2006). Also, the benefit of the presence of visual cues in the quiet condition for
older adults with concomitant hearing loss suggests that the older adults used their cognitive
resources to greater extent compared to young adults in similar tasks. The use of greater
cognitive resources by older adults is in line with the CRUNCH hypothesis (Reuter-Lorenz &
Cappell, 2008) which suggests that when completing similar low level cognitive tasks, older
adults recruit more cognitive resources compared to young adults.

Overall CSCT performance was not associated with performance in the reading span test which
suggests that CSC is qualitatively different from WMC. Further, listening in noise depleted
inhibition resources and when the tasks in CSCT demanded inhibition skills, young and older
adults partially compensated for reduced inhibition skills by using linguistic closure skills. Also,
CSC in older adults was associated with episodic LTM instead of updating skills as in young
adults. This may be because older adults with hearing loss had reduced WMC and executive
function skills compared to young adults. Therefore, it may be the case that as fluid intelligence
is reduced in older adults, they compensate by utilizing more crystallized knowledge, like
episodic LTM which is intact in older adults (Pichora-Fuller & Singh, 2006). Together these two
findings suggest that when a cognitive resource is depleted while understanding speech, other
cognitive functions which are separate from working memory, can partially compensate for the
reduced cognitive resource. The findings suggest that CSC consists of two components, a
component comprised of cognitive resources which are assumed to be included in working
memory and another component which is comprised of cognitive resources which are distinct
from working memory, like linguistic closure ability and episodic LTM. Since CSC was
enhanced when the task involved inhibition and when memory load was lower, it may be
assumed that CSC was affected by cognitive resources involved in executive functioning and the
storage component of working memory.
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Together, these findings suggest that the depletion of cognitive resources due to aging may be
partially compensated for by the use of another cognitive resource or cluster of cognitive
resources or additional cues, which may be termed “aging-related compensatory mechanisms”
(ARCM). ARCM can be considered to be different from the CRUNCH hypothesis (Reuter-
Lorenz & Cappell, 2008). The CRUNCH hypothesis suggests that in low load cognitive tasks,
older adults use more cognitive resources to complete the tasks and when the task demands are
higher this mechanism fails. In contrast, the findings of this thesis demonstrated that when
memory demands were increased, older adults still used ARCM. In other words, older adults
derived benefit from the presence of visual cues in the high memory load condition and in
speech-like noise. Secondly, the findings suggest that the mechanism of ARCM did not only
comprise of cognitive resources but also of additional sensory cues like visual cues. Thus, the
results of this thesis suggest that aging and concomitant hearing loss does not only lead to
reduced CSC, but also changes in the individual cognitive component predicting CSC.

Factors which affected cognitive spare capacity and memory performance

Effect of executive function and memory load on cognitive spare capacity
CSC was reduced for young adults and older adults in conditions of high compared to low
memory load. It was shown in Study 3 that the CSC in older adults was reduced compared to that
of young adults when the memory load was high. It has been shown that older adults with
hearing loss use more cognitive resources compared to young adults for listening, especially in
noise (Pichora-Fuller et al., 1995; Gosselin & Gagné, 2011). Also, the older adults have reduced
cognitive resources compared to young adults (Pichora-Fuller & Singh, 2006). Both these factors
may lead to impoverished encoding of speech stimuli in the working memory despite adequate
recognition (Pichora-Fuller et al., 1995; Heinrich & Schneider, 2011; Sorqvist and Rénnberg,
2012). It is quite likely that when the task demands are increased, such as by increasing memory
load, the older adults who already have reduced availability of cognitive resources, are likely to
perform more poorly than young adults. In low memory load condition, the older adults may
have employed ARCM for the tasks in CSCT and CSC for the older adults and young adults in
low memory load was similar.

It has been shown that listening in speech-like noise demands inhibition (Janse, 2012).

Thus, it was expected that CSC would be reduced to a greater extent when the tasks in CSCT
involved inhibition rather than updating, especially when the memory load was high. Across
both groups of participants in Studies 2 and 3, it was revealed that the type of executive
processing and memory load influenced CSC as measured by the CSCT. The influence of
executive function remained the same across memory load, modality of presentation and noise
type for the young adults and older adults, and there were no interactions. This may be because
performance in both groups was consistently higher in the inhibition tasks compared to the
updating tasks. Therefore, the influence of speech-like noise on inhibition compared to
performance on the updating task could not be observed in any of the groups. Thus, this thesis
did not provide any evidence that executive function influenced CSC differently in different
noise conditions. Additionally, there was no difference in influence of executive function with
ageing and concomitant hearing loss.
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Effect of noise on cognitive spare capacity
The results of Study 2 showed that CSC was reduced in steady-state noise compared to CSC in
quiet for young adults with normal hearing. However, CSC in speech-like noise was similar to
CSC in quiet. This high performance in speech-like noise may be explained by a mechanism of
selective attention which comes into play when speech is presented in modulated noise (Zion
Golumbic et al., 2013). However, the older adults with hearing loss had reduced CSC in both
types of noise compared to the CSC in quiet. Furthermore, Study 3 revealed that CSC for the
older adults was reduced compared to young adults in speech-like noise. This finding suggests
that older adults with hearing loss were not able to take advantage of modulation in speech-like
noise as young adults. One of the reasons for the reduced benefit from the modulations of
speech-like noise in older adults may be hearing loss as persons with hearing loss derive less
benefit from the modulation present in speech-like noise compared to persons with normal
hearing. Another explanation may be that older adults do not have sufficient CSC to selectively
attend to speech in the presence of modulated noise, while young adults have sufficient CSC to
employ selective attention to speech. CSC may be reduced because the older adults, in addition
to having reduced cognitive resources, require more cognitive resources to perceive speech in
noise compared to young adults. These results demonstrated that the influence of noise on CSC
differs in young adults and older adults with hearing loss. Additionally, they suggest that ARCM
fail in speech-like background noise either because of hearing loss or reduced cognitive
resources for older adults.

Effect of visual cues on cognitive spare capacity
In noise, the presence of visual cues consistently improved CSC for the young adults and older
adults with hearing loss. The comparison of CSCT scores between young adults and older adults
with hearing loss in Study 3 revealed that CSC for both groups was similar in the presence of
visual cues but CSC was reduced for older adults compared to young adults in the A-only
condition. Study 3 also showed that CSC was enhanced by the presence of visual cues in quiet
for older adults with hearing loss. Enhanced CSC in the presence of visual cues suggests that
even in quiet the older adults with hearing loss used their cognitive resources for speech
understanding (Stenfelt and Rénnberg, 2009; Mattys et al. 2012) and the presence of visual cues
helped to reduce the cognitive demands of listening (Frtusova et al., 2013).This finding is also
supportive of ARCM hypothesis suggesting that the older adults used visual cues to enhance
CSC. The results of Studies 1 and 2 demonstrated that the CSC of the young adults was reduced
in the presence of visual cues when compared to the A-only condition. Young adults with normal
hearing could perform the tasks in CSCT based on audition only. Hence, the superfluous visual
information may have acted as distractor for the young adults (Laive, 2005).This suggests that
the presence of visual cues enhanced CSC for young adults only in noise. On the other hand, for
older adults with hearing loss, the presence of visual cues consistently enhanced CSC both in
quiet and in noise.

Effect of listening conditions on cognitive spare capacity and memory performance
The data from Studies 2 and 4 suggest that both CSC and memory performance was reduced in
steady-state noise compared to that in quiet for the young adults. CSC and memory performance
in speech-like noise was similar to that in quiet for young adults. On the contrary, for older
adults with age related hearing loss, both CSC and memory performance was reduced in each of
the noise conditions compared to performance in quiet, as revealed in Studies 3 and 4. The
results suggest that the type of noise used influenced CSC and memory performance differently
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with aging. But within each group of participants, the effects of different noise types was not
influenced by the task administered, i.e., CSCT or free recall, where executive demands in the
task varied.

However, Studies 3 and 4 revealed that AV benefit differed in both groups depending on the task
administered. When the executive demands were higher in the CSCT, the older adults took
advantage of the presence of visual cues and their performance was similar to that of young
adults. When the executive demands were reduced and memory load was increased in the free
recall task, the young adults had higher memory performance in the presence of visual cues.
These results suggest that visual cues enhanced CSC for older adults with hearing loss,
specifically in adverse conditions including executive processing of speech, in speech-like
background noise and high memory load. On the contrary, in free recall task, older adults derived
less benefit from the presence of visual cues compared to young adults. These findings are in line
with the results of speech recognition tasks (e.g. Sommers et al., 1995) showing that older adults
derived reduced benefit in the presence of visual cues compared to young adults.

This suggests that the CSCT provides a better or more ecologically valid estimate of the
remaining cognitive resources. These resources can be used for higher cognitive functions
involved in speech communication compared to the traditional free recall task or speech
recognition tasks. Further, data from the CSCT in older adults suggests that ARCM are key
mechanisms which enables the listener to compensate for cognitive and sensory decline by
making use of cognitive resources and additional sensory cues, distinct from those used by
young adults.

Cognitive underpinning of cognitive spare capacity
Overall, CSC was not associated with WMC as measured by the reading span test across both
groups of participants. This finding provides evidence to support the assumption that CSC, as
measured by the CSCT, is quantitatively and qualitatively different from WMC as measured by
the reading span test. However, CSC for young adults in quiet was associated with WMC as
measured by reading span in study 2. CSCT is designed to be an auditory working memory task.
When the CSCT was presented to young adults with normal hearing in quiet, it is likely to be
more similar to a test of WMC, which may explain the intercorrelation.

The updating subset of the CSCT was associated with the independent measure of updating as
expected. The inhibition subset of CSCT was associated with the independent measure of
inhibition only when the CSCT was administered in quiet to young adults in Study 1. In the
subsequent Studies, the inhibition subset of CSCT was not associated with the independent
measure of inhibition for young adults and older adults. In the rest of Studies, noise was
introduced in two out of three lists unexpectedly. This means that the participants were likely to
have allocated additional cognitive resources in anticipation of the potential onset of background
noise. This allocation of additional resources is likely to have been restricted to the beginning of
each list when the lists were presented in quiet. In other words, cognitive resources, probably
inhibition skills (Janse, 2012), were likely to have been allocated, even when not specifically
needed. This may have meant that participants had fewer inhibition resources available to engage
in executive processing of the numbers. Hence, another cognitive function, in this case linguistic
closure, was employed to aid performance in the inhibition task in the CSCT, in order to partially
compensate for the reduced inhibition resources. This association suggests that the ability to
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make use of linguistic closure is related to the processing required to identify and keep in mind
auditory two-digit numbers of a certain parity and voice. The common factor may be an
underlying ability to generate a coherent response on the basis of diverse pieces of information.

CSC was consistently associated with updating skills in young adults. This association suggests
that updating skills play an important role during the processing of encoded representations in
working memory for young adults even when the task involves inhibition. When the task
demands were increased, CSC in younger adults with normal hearing was associated with
linguistic closure ability along with updating skills. On the other hand CSC in older adults with
hearing loss was consistently associated with episodic LTM and, under higher task demands, it
also correlated with performance in updating. One interpretation of this finding is that higher
CSCT scores may be due to better representation in working memory, which would also lead to
higher LTM (Ronnberg et al., 2011). Also, an efficient LTM may facilitate processing of speech
leading to fewer demands on cognitive resources (Ronnberg et al., 2013). This finding also
suggests that older adults compensated for reduced fluid intelligence by relying more on
crystallized skills for encoding items stored in working memory (Pichora-Fuller & Singh, 2006).

Together, these findings suggest that age-related sensory and cognitive decline leads not only to
a depletion of CSC but also to a redistribution of its individual cognitive components. This
provides support for the ARCM hypothesis in that older adults use cognitive resources which are
distinct from those used by young adults in order to complete the task.

Cognitive underpinning of memory performance
The memory performance of the young adults was not associated with any of the cognitive
measures, suggesting that they did not use any cognitive functions tested, for free recall. But for
older adults, better updating ability was associated with a lower performance disadvantage of
noise in the primacy position. Overall performance in the asymptote was predicted by updating
skill, linguistic closure ability and episodic LTM. Linguistic closure ability may help recall of
two-digit numbers that have become partially encoded into LTM, thus improving performance in
the asymptote position. Successful performance in asymptote position indicates an ability to
encode items more durably in working memory and hence the association with updating ability
and episodic LTM can be expected. The correlation of the cognitive measures with memory
performance only for the older adults suggests that more cognitive resources were recruited by
older adults for task completion compared to the young adults. This is in accordance with the
CRUNCH hypothesis (Reuter-Lorenz & Cappell, 2008) which states that older adults recruit
more neural resources at lower cognitive levels than young adults. The correlation patterns
shown for free recall task performance demonstrated that older adults with hearing loss required
more cognitive resources for performing the task, but did not provide specific information about
the cognitive resources reduced due to aging. This may be because the free recall task is not
sensitive enough to assess the specific cognitive resources reduced due to aging or because the
free recall performance of young adults is not affected by the cognitive functions tested.

Implications of the thesis

The results of the present thesis showed that CSC in older adults with hearing loss could be
enhanced by providing visual cues, reducing demands of memory and reducing the negative
effects of noise, and thus providing support to ARCM. This thesis was the first step towards
understanding the concept of CSC. The results demonstrated how CSC was affected by different
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conditions of signal degradation and how these effects differed with aging and concomitant
hearing loss. Secondly, the theoretical knowledge derived from this thesis may serve as a
foundation for devising clinical assessments tools which can be administered in audiological
clinic. Such assessment tools can be used to verify the benefit derived from hearing aids, both in
terms of speech understanding and cognition. Specifically, these tests may predict CSC when
speech perception takes place through hearing aids and thus better predict hearing aid outcome.
Thirdly, tests like CSCT may be useful in evaluating the cognitive benefit of the advanced signal
processing algorithms presently being implemented in hearing aids. Finally, the findings of this
thesis may have implications for audiologists working in clinics and the hearing aid industry.
The findings suggested that persons with hearing loss benefit when the face of the speaker is
visible in terms of reducing the cognitive resources involved in speech understanding. This
reduction in cognitive demands may be reflected as reduced listening effort or less fatigue.
However, the assessments of outcome of audiological rehabilitation, such as recommending
hearing aids to persons with hearing loss, are conducted mostly in A-only modality. In order to
estimate the outcome of audiological rehabilitation in real life situations, it is suggested that such
testing may be carried out in AV modality. Further, this thesis provides empirical evidence that
seeing the talker’s face may reduce listening effort or fatigue for person with hearing loss. The
importance of seeing the speaker’s face while listening should be emphasized while counselling
clients with hearing loss, especially for the clients who complain of listening effort or fatigue.
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Conclusions

The aim of this thesis was to develop a theoretical understanding of the concept of CSC. CSC
was evaluated in young adults with normal hearing and older adults with hearing loss to assess
how ageing and concomitant hearing loss influenced CSC. In order to achieve it, a test for CSC
(CSCT) was developed and administered to young adults and older adults with hearing loss. A
free recall task, using the same material as used in CSCT, was administered for comparison
purpose. A cognitive test battery was also administered to assess the cognitive underpinning to
CSC. The findings suggested that CSC consists of two components. One component comprises
cognitive resources which are considered to be part of working memory and another component
comprises cognitive resources which are distinct from working memory, like linguistic closure
skills and episodic LTM. The findings of the thesis demonstrated that aging and concomitant
hearing loss did not only lead to reduced CSC, but also changed the individual cognitive
component predicting CSC. Further, results on CSC in older adults suggest that ARCM are key
mechanisms which compensates for cognitive and sensory decline. These mechanisms allow
older adults to make use of visual cues by deploying their cognitive resources in a different way
compared to younger adults. Importantly, this could only be revealed by CSCT and not by a
traditional free recall task. The findings of this thesis have implications for rehabilitation of older
adults with hearing loss. It is likely that CSCT performance may provide a snap-shot of how
hearing-aid signal processing influences cognitive demands in communicative situations.
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Methodological Discussion

Aging and concomitant hearing loss

The older adults included in this study had hearing loss which was appropriate to their age group
(Cruickshanks et al., 1998; Johansson & Arlinger, 2003). Older adults with normal hearing were
not selected in this study because such a group is not representative of the population of older
adults. Aging is associated with sensory decline including hearing loss (Pichora-Fuller & Singh,
2006). Thus, in order to assess the effects of sensory and cognitive decline associated with aging
on CSC, older adults with age appropriate hearing loss were selected. In future, studies may be
conducted on age-matched young adults with and without hearing loss to verify the effects of
hearing loss on CSC. Similarly, studies on young adults and older adults with normal hearing can
be conducted to ascertain the effects of aging on CSC.

Cognitive test battery

One of the findings of this thesis is that CSC is both quantitatively and qualitatively different
from working memory as measured by reading span. The reading span test uses sentences as test
material and in CSCT digits were used as stimuli. Other tests assessing WMC, like the digit span
test, use the same material as used in CSCT as stimuli. Test like digit span asses only the storage
component of working memory and hence are not considered to reliably predict cognitive
processing involved in speech understanding. It has been also pointed that both reading span and
size-comparison span tests predicted comprehension of speech performance but size-comparison
emerged as a stronger predictor (S6rqvist & Ronnberg, 2012). The reading span test was
included in the present thesis because it has been widely used in previous studies assessing role
of cognition in adverse listening conditions and has reliably predicted speech performance in
noise (Akeroyd, 2008). The findings of this thesis suggest that CSC comprises of a component
which is distinct from working memory. This finding can be verified further by including other
tests of WMC like digit span and size-comparison span.

Slower processing speed has been associated with ageing and leads to difficulty in speech
recognition (Pichora-Fuller, 2003) and memory performance (Ronnberg, 1990). But no such
evidence was found in the present thesis as neither CSC nor the memory performance for the
older adults correlated with the measure of processing speed used in the study. The reaction time
for the congruent key press in the Simon task was used as a measure of processing speed. This
may be verified in future by including an independent measure of processing speed.

Cognitive spare capacity test

In the current version of CSCT, two-digit numbers were used as stimuli material. Two-digit
numbers were used because they provided an opportunity to devise the distinctive executive
function tasks. Such distinctive tests are difficult to devise using the sentence material of same
complexity. However, two digit numbers constitute a closed set material and there may be
criticism that they do not relate entirely to the demands of everyday communication. In order to
make tests like CSCT more ecologically valid, such tests may be designed by using sentences as
stimuli material.
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Future Direction

The four Studies included in this thesis are the first studies to provide a theoretical understanding
of the concept of CSC. In these initial studies on CSCT, it was desirable to include many factors
which are considered important for speech understanding in adverse listening conditions and
explore their complex interaction. But once the interacting factors are identified it may be
reasonable to reduce the number factors in later studies. The findings of this thesis may suggest
directions for designing such tests in future. In such newer tests, the number factors manipulated
may be reduced to make it feasible to be administered in audiological clinics. For example, in
CSCT, there was no influence of type of executive function task either on memory load,
modality or the type of background noise used. Also, performance in the inhibition subsets of
CSCT was consistently higher for young adults and older adults with hearing loss. Hence, in
later studies it may be appropriate to use only the executive function of updating.

CSCT used in this thesis had a long administration time and hence is not feasible to be
administered in audiological clinic. In future studies, a simplified version of CSCT by reducing
the number factors may be constructed and verified. For example a simplified version of CSCT
may constitute an updating task administered in audiovisual modality in quiet and speech-like
noise. The results of the present thesis showed that the CSCT may be a useful tool for evaluating
CSC in person with hearing loss.

48



Acknowledgments

It would not have been possible to finish this doctoral thesis without the help and support of
many people. First I would like to thank my main supervisor, Mary Rudner for giving me this
opportunity to do my PhD research in Sweden. She motivated me to explore the area of cognitive
psychology and enhanced my research skills immensely. It has been a privilege to work under
her supervision. I will extend heartfelt thanks to Stefan Stenfelt, my co-supervisor, who has
helped immensely in technical and practical aspects of my data collection and conceptualizing it.
The expertise of my co-supervisor, Jerker Ronnberg, helped me in understanding and exploring
the research findings conceptually. I would also like to thank Thomas Lunner, my co-supervisor,
for sharing his expertise on a variety of topics, and his ideas on integrating fields of cognition
and hearing. I truly appreciate the supervision that I have received over the past years.

I gratefully acknowledge the technical support I received from Mathias Héllgren, Bjorn
Lidestam and my friend Niklas Ronnberg (including the design of the cover page). Bjorn Lyxell
and Patrik Sorqvist have always helped me in learning and enriching my ideas in cognitive
psychology. 1 would also like to thank Orjan Dahlstrém, Carine Signoret and Henrik Danielsson
for sharing their expertise in statistics. [ also extend my thanks to Tomas Bjuvmar for helping me
in recruiting participants.

I would like to thank all my colleagues at the Disability Research Division, the HEAD graduate
school, and SIDR for their warmth, kindness, and support. I would particularly like to thank
Elaine Ng and Cecilia Henricson (my office-mate) for being very helpful through my journey as
a PhD student. Jan Classon and Elisabet Classon, thanks for being the speakers in the stimuli
material and also thanks to Elisabet and Hakan Hua for Swedish translation of my ‘spikblad’. A
special thanks to Pallavi Padhy for proof-reading this thesis. I am also very grateful to my
colleagues Adriana Zekveld, Rachel Ellis, Vinaya Manchaiah, Josefine Andin, Cecilia Nakeva
von Mentzer, Shahram Moradi, Lisa Kilman, Emelie Nordqvist, Amin Saremi, Victoria
Stenbdck, Jakob Dahl, Emil Holmer and Wycliffe Yumba for their valuable inputs,
encouragement and the laughter we shared. Most of you have also volunteered as participants in
various stages of data preparation and collection. I take this opportunity to thank all the
participants in the studies. A special thank you also goes to the administrators at the division for
taking care of all PhD students, including me.

I acknowledge the contribution that has been made by my immediate and extended family in
their support in all my professional and personal endeavors. I also acknowledge the influence of
so many people who have helped me throughout my life both as friends and guides. My friends
in Linkdping, specially, TVK Chaitanya, Swadhin Mangaraj and Assmitra Dash, with whom I
have shared the ups and downs in research. Last and most important, my special thanks to my
wife, Sreeparna Mishra and my daughter, Shirina Mishra for their love, care and support.

49



References

Akeroyd, M. A. (2008). Are individual differences in speech perception related to individual
differences in cognitive ability? A survey of twenty experimental studies with normal and
hearing impaired adults. International Journal of Audiology, 47, S53-S71.

Allen, R. J., Baddeley A. D., & Hitch G. J. (2006). Is the binding of visual features in working
memory resource-demanding? Journal of Experimental Psychology: General, 135,298-313.

Arehart, K. H., Souza, P., Baca, R., & Kates, J. M. (2013). Working Memory, Age, and Hearing
Loss: Susceptibility to Hearing Aid Distortion. Ear and Hearing, 34, 251-60.

Arlinger, S., Lunner, T., Lyxell, B., & Pichora-Fuller, M. K. (2009). The emergence of cognitive
hearing science. Scandinavian Journal of Psychology, 50, 371-84.

Baddeley, A. (1992). Working memory. Science, 255(5044), 556-559.

Baddeley, A. (1996). Exploring the central executive. The Quarterly Journal of Experimental
Psychology, 49, 5-28.

Baddeley, A. (2000).The episodic buffer: A new component of working memory? Trends in
Cognitive Sciences, 4, 417-423.

Baddeley, A. (2003). Working memory: Looking back and looking forward. Nature Reviews.
Neuroscience, 4, 829-39.

Baddeley, A. (2012). Working Memory: Theories, Models, and Controversies. The Annual
Review of Psychology, 63, 1-29.

Baddeley, A.D., & Hitch, G. (1974). Working memory. In G.A. Bower (Ed.). The psychology of
learning and motivation (pp. 47-89). London: Academic Press.

Barulli, D., & Stern, Y. (2013). Efficiency, capacity, compensation, maintenance, plasticity:
emerging concepts in cognitive reserve. Trends in cognitive sciences, 17, 502-509.

Bernstein, J.G., & Grant, K.W. (2009). Auditory and auditory-visual intelligibility of speech in
fluctuating maskers for normal-hearing and hearing-impaired listeners. Journal of the
Acoustical Society of America, 125, 3358-3372.

Bickenbach, J.E., Chattterji, S., Badley, E.M & Ustiin, T.B. (1999). Models of disablement
universalism and the international classification of impairments, disabilities and handicaps.
Social Science and Medicine, 48, 1173-1187.

Besle, J., Fort, A., Delpuech, C., & Giard, M. H. (2004). Bimodal speech: early suppressive
visual effects in the human auditory cortex. The European Journal of Neuroscience, 20,
2225-2234.

Besser, J., Zekveld, A. A., Kramer, S. E., Ronnberg, J., & Festen, J. M. (2012). New measures of
masked text recognition in relation to speech-in-noise perception and their associations with
age and cognitive abilities. Journal of Speech Language and Hearing Research, 55, 194-
209.

Besser, J., Koelewijn, T., Zekveld, A. A., Kramer, S. E., & Festen, J. M. (2013). How linguistic
closure and verbal working memory relate to speech recognition in noise—a review. Trends
in amplification, 17(2), 75-93.

Borg, E. (2003). Assessment of communicating systems on the basis of an ecological conceptual
framework. International Journal of Audiology, 42, S23-S33.

Braver, T. S., Cohen, J. D., Nystrom, L. E., Jonides, J., Smith, E. E., & Noll, D. C. (1997). A
parametric study of prefrontal cortex involvement in human working memory. Neurolmage,
5,49-62.

50



Brodie, D. A., & Murdock Jr, B. B. (1977). Effect of presentation time on nominal and
functional serial-position curves of free recall. Journal of Verbal Learning and Verbal
Behavior, 16, 185-200.

Campbell, R. (2009). The processing of audiovisual speech: empirical and neural bases. In
Moore, B. C. J., Tyler, L. K., Marslen-Wilson, W. (Eds.). The perception of speech: from
sound to meaning (1 ed. pp.133-150). Oxford, New York: Oxford University Press.

Campbell, R., Rudner, M., & Ronnberg J. (2009). Editorial. Scandinavian Journal of
Psychology, 50, 367-369.

Carretti, B., Cornoldi, C., De Beni, R., & Romano, M. (2005). Updating in working memory: A
comparison of good and poor comprehenders. Journal of experimental child
psychology, 91(1), 45-66.

Classon, E., Rudner, M., & Ronnberg, J. (2012). Working memory compensates for hearing
related phonological processing deficit. Journal of communication disorders, 46,17-29.
Cruickshanks, K. J., Wiley, T. L., Tweed, T. S., Klein, B. E., Klein, R., Mares-Perlman, J. A., &
Nondahl, D. M. (1998). Prevalence of hearing loss in older adults in Beaver Dam,

Wisconsin. The Epidemiology of Hearing Loss Study. American Journal of
Epidemiology, 148, 879-886.

Conway, A. R. A., Cowan, N., & Bunting M. F. (2001), The cocktail party phenomenon
revisited: The importance of working memory capacity. Psychonomic Bulletin & Review.
8(2), 331-335.

Cox, RM., & Xu, J. (2010). Short and long compression release times: speech understanding,
real world preferences, and association with cognitive ability. Journal of American Academy
of Audiology, 21, 21-138.

Danermark, B. (2003). Different approaches in assessment of audiological rehabilitation: a meta-
theoretical perspective. International Journal of Audiology, 42, S112-S117.

Daneman, M. & Carpenter, P. A. (1980). Individual differences in working memory and reading.
Journal of Verbal Learning and Verbal Behaviour, 19, 450-466.

Duquesnoy, A. J. (1983). Effect of a single interfering noise or speech source upon the binaural
sentence intelligibility of aged persons. Journal of Acoustical Society of America, 74, 739—
743.

Edwards, B. (2007). The future of hearing aid technology. Trends in amplification, 11, 31-46.

Erber, N. P. (1969). Interaction of audition and vision in the recognition of oral speech stimuli.
Journal of Speech Language and Hearing Research, 12, 423—425.

Festen J., M, & Plomp R. (1990). Effects of fluctuating noise and interfering speech on the
speech reception threshold for impaired and normal hearing. Journal of Acoustical Society of
America, 88, 1725-1736.

Foo, C., Rudner, M., Rénnberg, J. & Lunner, T. (2007). Recognition of speech in noise with new
hearing instrument compression release settings requires explicit cognitive storage and
processing capacity. Journal of the American Academy of Audiology, 18, 553-566.

Forster, K. 1., & Forster, J. C. (2003). DMDX: A windows display program with millisecond
accuracy. Behavior Research Methods, Instruments, & Computers, 35, 116-124.

Frtusova, J. B., Winneke, A. H., & Phillips, N. A. (2013). ERP evidence that auditory-visual
speech facilitates working memory in younger and older adults. Psychology and Aging, 28,
481-494.

51



Fraser, S., Gagné, J.-P., Alepins, M., & Dubois, P. (2010). Evaluating the effort expended to
understand speech in noise using a dual-task paradigm: The effects of providing visual
speech-cues. Journal of Speech Language and Hearing Research, 53, 18-33.

Gates, G. A. & Mills, J. H. (2005). Presbycusis. The Lancet, 366, 1111-1120.

Gatehouse, S., Naylor, G., & Elberling, C. (2003). Benefits from hearing aids in relation to the
interaction between the user and the environment. International Journal of Audiology, 42,
S77-S85.

Gatehouse, S., Naylor, G., & Elberling, C. (2006a). Linear and nonlinear hearing aid fittings. 1.
Patterns of benefit. International Journal of Audiology, 45, 130-152.

Gatehouse, S., Naylor, G., & Elberling, C. (2006b). Linear and nonlinear hearing aid fittings. 2.
Patterns of candidature. International Journal of Audiology, 45, 153-171.

George, E. L. J., Festen, J. M., & Houtgast, T. (2006). Factors affecting masking release for
speech in modulated noise for normal-hearing and hearing impaired listeners. Journal of
Acoustical Society of America, 120,2295-2311.

George, E. L. J., Zekveld, A. A., Kramer, S. E., Goverts, S. T., Festen, J. M., & Houtgast, T.
(2007). Auditory and nonauditory factors affecting speech reception in noise by older
listeners. Journal of Acoustical Society of America, 121, 2362-2375.

Glanzer, M., & Cunitz, A. R. (1966). Two storage mechanism in free recall. Journal of Verbal
Learning and Verbal Behaviour, 5, 351-360.

Gosselin, P. A., & Gagné, J.-P. (2011a). Older adults expend more listening effort than young
adults recognising speech in noise. Journal of Speech Language and Hearing Research, 54,
944-958.

Gosselin, P. A., & Gagné, J.-P. (2011b). Older adults expend more listening effort than young
adults recognizing audiovisual speech in noise. International Journal of Audiology, 50, 786—
792.

Gordon-Salant, S. (2005). Hearing loss and aging: New research findings and clinical
implications. Journal of Rehabilitation Research and Development, 42, 9-24.

Grant, K. W., & Seitz, P. (2000). The use of visible speech cues for improving auditory detection
of spoken sentences. Journal of the Acoustical Society of America, 108, 1197-1208.

Grant, K. W., Walden, B. E., & Seitz, P. F. (1998). Auditory—visual speech recognition by
hearing-impaired subjects: Consonant recognition, sentence recognition, and auditory—visual
integration. Journal of the Acoustical Society of America, 103, 2677-2690.

Grimm G., Herzke T., Berg D., and Hohmann V. (2006). The master hearing aid: a PC-based
platform for algorithm development and evaluation, Acta Acustica united with Acustica, 92,
618-628

Hickson, L., & Scarinci, N. (2007). Older adults with acquired hearing impairment: applying the
ICF in rehabilitation. Seminars in speech and language, 28, 283-290.

Heinrich, A., & Schneider, B. A. (2011). The effect of presentation level on memory
performance. Ear and Hearing, 32, 524-532.

Helfer, K. S., & Freyman, R. L. (2005). The role of visual speech cues in reducing energetic and
informational masking. Journal of the Acoustical Society of America, 117, 842—849.

Holube, 1., Fredelake, S., Vlaming, M., & Kollmeier, B. (2010). Development and analysis of an
international speech test signal (ISTS). International Journal of Audiology, 49, 891-903.

Hughes, R. W., Marsh, J. E., & Jones, D. M. (2009). Perceptual—gestural (mis) mapping in serial
short-term memory: The impact of talker variability. Journal of Experimental Psychology:
Learning, Memory, and Cognition, 35(6), 1411-1425.

52



Hygge, S., Ronnberg, J., Larsby, B., & Arlinger, S. (1992). Normal-hearing and hearing-
impaired subjects’ ability to just follow conversation in competing speech, reversed speech
and noise backgrounds. Journal of Speech Language and Hearing Research, 35, 208-215.

Hallgren, M., Larsby, B., & Arlinger S. (2006). A Swedish version of the Hearing in Noise Test
(HINT) for measurement of speech recognition. International Journal of Audiology, 45,
227-237.

Janse, E. (2012). A non-auditory measure of interference predicts distraction by competing
speech in older adults. Aging, Neuropsychology, and Cognition,19, 741-758.

Johansson, M. S. K., & Arlinger, S. (2003). Prevalence of hearing impairment in population in
Sweden. International Journal of Audiology, 42, 18-28.

Just, M. A., & Carpenter, P. A. (1992). A capacity theory of comprehension: Individual
differences in working memory. Psychological review, 99, 122-149.

Kahneman, D. (1973). Attention and effort. Englewood Cliffs, NJ: Prentice-Hall.

Kiessling, J., Pichora-Fuller, M. K., Gatehouse, S., et al. (2003). Candidature for and delivery of
audiological services: special needs of older people. International Journal of
Audiology,42(2), S92-S101.

Kochkin, S. (2005). MarkeTrak VII: Hearing loss population tops 31 million people. Hearing
Review, 12, 16-29.

Koelewijn, T., Zekveld, A. A., Festen, J. M., & Kramer, S. E. (2012). Pupil dilation uncovers
extra listening effort in the presence of a single-talker masker. Ear and Hearing, 33, 291—
300.

Lavie, N. (2005). Distracted and confused?: Selective attention under load. Trends in Cognitive
Sciences, 9, 75-82.

Levitt, H. (1971). Transformed up-down methods in psychoacoustics. Journal of Acoustical
Society of America, 49, 467-477.

Lin, F. R., Thorpe, R., Grodon-Slant, S., & Ferrucci, L. (2011). Hearing loss prevalence and risk
factors among older adults in United States. Journal of Gerontology,66A4, 582-590.

Lin, F. R., Ferrucci, L., Metter, E. J., An, Y., Zonderman, A. B., & Resnick, S. M. (2011).
Hearing loss and cognition in Baltimore longitudal study of Aging. Neuropsychology, 25,
763.

Logie, R. H., Del Sala, S., Wynn, V., & Baddeley, A. D. (2000). Visual similarity effects in
immediate verbal serial recall. The Quarterly Journal of Experimental Psychology: Section
A, 53(3), 626-646.

Lorenzi, C., Gilbert, G., Carn, H., Garnier, S., & Moore, B. C. J. (2006). Speech perception
problems of the hearing impaired reflect inability to use temporal fine structure. Proceeding
of the National Academy of Sciences of the USA, 103, 18866—18869. Lunner T. (2003).
Cognitive function in relation to hearing aid use. International Journal of Audiology, 42,
S49-S58.

Lunner, T. (2003). Cognitive function in relation to hearing aid use. International Journal of
Audiology, 42, S49-S58.

Lunner, T., & Sundewall-Thoren, E. (2007). Interactions between cognition, compression, and
listening conditions: Effects on speech-in-noise performance in a two-channel hearing aid.
Journal of the American Academy of Audiology, 18, 604-617.

Lunner, T., Rudner, M., & Ronnberg, J. (2009). Cognition and hearing aids. Scandinavian
Journal of Psychology, 55, 395-403.

53



Mattys, S. L., Davis, M. H., Bradlow, A. R., & Scott, S. K. (2012). Speech recognition in
adverse conditions: A review. Language and Cognitive Processes, 27, 953-978.

Mishra, S., Rudner, M., Lunner, T., Stenfelt, S., & Ronnberg, J. (2010). Speech understanding
and cognitive spare capacity. In J.M. Buchholz, T. Dau, J. Christensen-Dalsgaard and T.
Poulsen (Eds). Binaural processing and spatial hearing (pp, 305-313). Elsinore: ISAAR.

Miyake, A., & Shah, P. (Eds.). (1999). Models of working memory: Mechanisms of active
maintenance and executive control. Cambridge University Press.

Miyake, A., Friedman, N. P., Emerson, M. J., Witziki, A. H., Howerter, A., & Wager, T. (2000).
The unity and diversity of executive functions and their contribution to complex frontal lobe
tasks: A latent variable analysis. Cognitive Psychology, 41, 49-100.

Moore, B. C. (1996). Perceptual consequences of cochlear hearing loss and their implications for
the design of hearing aids. Ear and hearing, 17, 133-161.

Moore, B. C. & Glasberg, B. R. (1998). Use of a loudness model for hearing-aid fitting. I. Linear
hearing aids. British Journal of Audiology, 32, 317-335

Moradi, S., Lidestam, B., and Ronnberg, R. (2013). Gated audiovisual speech identification in
silence versus noise: effect on time and accuracy. Frontiers in Psychology, 4:359.

Murdock Jr, B. B., & Walker, K. D. (1969). Modality effects in free recall.Journal of Verbal
Learning and Verbal Behavior, 8, 665-676.

Murdock, B., B. (1974). Human memory: Theory and data. Potomac, MD: Lawrence Erlbaum
Associates.

Murphy, D. R., Craik, F. I. M, Li, K. Z. H., & Schneider, B. A. (2000). Comparing the effects of
aging and background noise on short-term memory performance. Psychology and Aging, 15,
323-334.

Morris, N., & Jones, D. M. (1990). Memory updating in working memory: The role of the
central executive. British Journal of Psychology, 81, 111-121.

Ng, E. H. (2013). Cognition in Hearing Aid Users: Memory for Everyday Speech (Published
doctoral dissertation).

Ng, E. H., Rudner, M., Lunner, T., Pedersen, M. S., and Ronnberg, J. (2013). Effects of noise
and working memory capacity on memory processing of speech for hearing aid users.
International Journal of Audiology, 52, 433-441.

Nilsson, M., Soli, S. D., & Sullivan, J. A. (1994). Development of the Hearing in Noise Test for
the measurement of speech reception thresholds in quiet and in noise. The Journal of the
Acoustical Society of America, 95, 1085.

Pichora-Fuller, M., K. (2003). Processing speed and timing in aging adults: psychoacoustics,
speech perception, and comprehension. International Journal of Audiology, 42, S59-67.

Pichora-Fuller M. K. (2007). Audition and cognition: What audiologists need to know about
listening. In C. Palmer and R. Seewald (Eds). Hearing care for adults (pp, 71-85). Stéfa:
Phonak.

Pichora-Fuller M. K. (2008). Use of supportive context by younger and older adults listeners:
Balancing bottom up and top down-information processing. International Journal of
Audiology, 47, S144-S154.

Pichora-Fuller, M. K., Schneider, B. A., & Daneman, M. (1995). How young and old adults
listen to and remember speech in noise. Journal of Acoustical Society of America, 97, 593—
608.

Pichora-Fuller, M. K., & Souza, P., E. (2003).Effects of aging on auditory processing of speech.
International Journal of Audiology, 42,2 S11-16.

54



Pichora-Fuller, M. K., & Singh, G. (2006). Effects of age on auditory and cognitive processing:
Implications for hearing aid fitting and audiologic rehabilitation. Trends in Amplification,
10, 29-59.

Picou, E. M., Ricketts, T. A., & Hornsby, B. W. (2011). Visual cues and listening effort:
individual variability. Journal of Speech, Language and Hearing Research, 54, 1416-1430.

Pisoni, D. B. (1993). Long-term memory in speech perception: Some new findings on talker
variability, speaking rate and perceptual learning. Speech Communication, 13, 109-125.

Pronk, M., Deeg, D. H. J., & Krmaer, S. E. (2013). Hearing status in older persons: A significant
determinant of depression and loneliness? Results from longitudinal aging study
Amsterdam. American Journal of Audiology. Advanced online publication.

Prabhakaran, V., Narayanan, K., Zhao, Z., & Gabrielli, J. D. E. (2000). Integration of diverse
information in working memory in the frontal lobe. Nature Neuroscience, 3, 85-90.

Pratte, M. S., Rouder J. N., Morey, R. D., & Feng C (2010). Exploring the differences in
distributional properties between Stroop and Simon effects using delta plots. Attention
Perception and Psychophysics, 72,2013-25.

Repovs G., & Baddeley A. (2006). The multi-component model of working memory:
explorations in experimental cognitive psychology. Neuroscience, 139, 5-21.

Reuter-Lorenz, P. A., & Cappell, K. A. (2008). Neurocognitive aging and the compensation
hypothesis. Current Directions in Psychological Science, 17, 177-182.

Rudner, M. & Ronnberg, J. (2008). The role of the episodic buffer in working memory for
language processing. Cognitive Processing, 9, 19-28.

Rudner, M., Fransson, P., Ingvar, M., Nyberg, L. & Ronnberg, J. (2007). Neural representation
of binding lexical signs and words in the episodic buffer of working memory.
Neuropsychologia, 45, 2258-2276.

Rudner, M., Foo, C., Sundewall-Thoren, E., Lunner, T. & Ronnberg, J. (2008). Phonological
mismatch and explicit cognitive processing in a sample of 102 hearing aid users.
International Journal of Audiology, 47, S163—S170.

Rudner, M., Foo, C., Rénnberg, J. & Lunner, T. (2009). Cognition and aided speech recognition
in noise: specific role of cognitive factors following nine-week experience with adjusted
compression setting in hearing aids. Scandinavian Journal of Psychology, 150, 405-418.

Rudner, M., Ng, E. H., Ronnberg, N., Mishra, S., Ronnberg, J., Lunner, T. & Stenfelt, S.
(2011a). Cognitive spare capacity as measure of listening effort. Journal of Hearing Science,
1,1-3.

Rudner, M., Rénnberg, J. & Lunner, T. (2011b). Working memory supports listening in noise for
persons with hearing impairment. Journal of the American Academy of Audiology, 22, 156-
167.

Rudner, M., Lunner, T., Behrens, T, & Ronnberg, J. (2012). Working memory capacity may
influence perceived effort during aided speech recognition in noise. Journal of the
American Academy of Audiology, 23, 577-589

Rudner, M. & Lunner, T (2013). Cognitive spare capacity as a window on hearing aid benefit.
Seminars in Hearing, 34, 297-306.

Roeser, R. J., Valente, M., & Hosford-Dunn, H. (Eds.). (2000). Audiology Diagnosis. Thieme.

Roénnberg, J. (1990). Cognitive and communication function: The effects of chronological age
and “handicap age”. European Journal of Cognitive Psychology, 2, 253-273.

Ronnberg, J. (2003). Cognition in the hearing impaired and deaf as a bridge between signal and
dialogue: a framework and a model. International Journal of Audiology, 42, S68-76.

55



Ronnberg, J., & Nilsson, L. G. (1987). The modality effect, sensory handicap, and compensatory
functions. Acta psychologica, 65, 263-283.

Ronnberg, J., Arlinger, S., Lyxell, B., & Kinnefors, C. (1989). Visual evoked potentials: relation
to adult speechreading and cognitive function. Journal of Speech Language and Hearing
Research, 32, 725-735.

Roénnberg, J., Rudner, M., Foo, C., & Lunner, T. (2008). Cognition counts: A working memory
system for ease of language understanding (ELU), International Journal of Audiology, 47,
S99-S105.

Ronnberg, J., Rudner, M., & Zekveld, A. A. (2009). Cognitive hearing science: The role of a
working memory system for speech understanding in old age, in Hearing care for adults,
edited by C. Palmer and R. Seewald (Phonak: Stifa, Switzerland), pp. 67-73.

Roénnberg, J., Rudner, M., Lunner, T., & Zekveld, A. A. (2010). When cognition kicks in:
Working memory and speech understanding in noise. Noise Health, 12, 263-269.

Roénnberg, J., Rudner, M., & Foo, C. (2010). The cognitive neuroscience of signed language:
applications to a working memory system for sign and speech. In L. Backman and L.
Nyberg (Eds). Memory, aging and the brain: A Festschrift in honour of Lars-Goran Nilsson
(pp, 265-286). London: Psychology Press.

Ronnberg, J., Danielsson, H., Rudner, M., Arlinger S, Sterndng, O., Wahlin A., Nilsson, L. G.
(2011). Hearing loss is negatively related to episodic and semantic long-term memory but
not to short-term memory. Journal of Speech Language and Hearing Research, 54, 705—
726.

Roénnberg, J., Lunner, T., Zekveld, A., Sorqvist, P., Danielsson, H., Lyxell, B.,...Rudner, M.
(2013). The Ease of Language Understanding (ELU) model: Theoretical, empirical, and
clinical advances. Frontiers in Systems Neuroscience, 7, 31.

Ronnberg, N., Rudner, M., Lunner, T. & Stenfelt, S. (2014). Assessing listening effort by
measuring short-term storage and processing of speech in noise. Speech, Language and
Hearing. Ahead of publication.

Salthouse, T. (1980). Age and memory: Strategies for localizing the loss. In L. W. Poon, J. L.
Fozard, L.S. Cermak, D. Arenberg, & L.W. Thompson (Eds), New direction in memory and
aging, pp 47-65. Hillsdale, N.J.: Lawrence Erlbaum Associates Inc.

Saremi, A., & Stenfelt, S. (2013). Effect of metabolic presbyacusis on cochlear responses: A
simulation approach using a physiologically-based model. The Journal of the Acoustical
Society of America, 134, 2833-2851.

Sarampalis, A., Kalluri, S., Edwards, B., et al. (2009). Objective measures of listening effort:
effects of background noise and noise reduction. Journal of Speech Language and Hearing
Research,52, 1230-1240.

Satz, P., Cole, M. A., Hardy, D. J., & Rassovsky, Y. (2011). Brain and cognitive reserve:
Mediator (s) and construct validity, a critique. Journal of Clinical and Experimental
Neuropsychology, 33, 121-130.

Schuknecht, H. F., & Gacek, M. R. (1993). Cochlear pathology in presbycusis.The Annals of
otology, rhinology, and laryngology, 102, 1-16.

Simon, J. R. (1969). Reactions towards the source of stimulation. Journal of experimental
psychology, 81, 174-176.

Smith, S. L., Pichora-Fuller, M. K., Wilson, R. H., & MacDonald, E. N. (2012). Word
recognition for temporally and spectrally distorted materials: The effects of age and hearing
loss. Ear and hearing, 33, 349-366.

56



Stenfelt, S., & Ronnberg, J. (2009). The signal-cognition interface: Interactions between
degraded auditory signals and cognitive processes. Scandinavian Journal of Psychology, 50,
385-393.

Stevans, G., Flaxman, S., Brunskill, E., Mascarenhas, M., Mathers, C. D., & Finucane, M.
(2013). Global and regional hearing impairment prevelance: an analysis of 42 studies in 29
countries. European Journal of Public Health, 23, 146-152.

Sommers, M. S., Tye-Murray, N., & Spehar, B. (2005). Auditory-visual speech perception and
auditory-visual enhancement in normal-hearing younger and older adults. Ear and
hearing, 26(3), 263-275.

Sorqvist, P., & Ronnberg, J. (2012). Episodic long-term memory of spoken discourse masked by
speech: What role for working memory capacity? Journal of Speech Language and Hearing
Research,55 (1), 210-218.

Sorqvist, P., Stenfelt, S., & Ronnberg, J. (2012). Working Memory Capacity and Visual-Verbal
Cognitive Load Modulate Auditory—Sensory Gating in the Brainstem: Toward a Unified
View of Attention. Journal of cognitive neuroscience, 24, 2147-2154.

Sorgvist, P., Ljungberg, J. K., & Ljung, R. (2010). A sub-process view of working memory
capacity: Evidence from effects of speech on prose memory. Memory,18(3), 310-326.

Thomas, C. (2004). How disability is understood? An examination of sociological approaches.
Disability and Society, 19, 569-583.

Tulving, E. (1983). Elements of episodic memory. Oxford, United Kingdom: Oxford University
Press.

Tye-Murray, N., Spehar, B., Myerson, J., Sommers, M., & Hale, S. (2011). Cross-modal
enhancement of speech detection in young and older adults: Does signal content matter? Ear
and Hearing, 32, 650-655.

Unsworth, N., & Engle, R. W. (2007). The nature of individual differences in working memory
capacity: active maintenance in primary memory and controlled search from secondary
memory. Psychological review, 114, 104-132.

Wagener, K. C., Brand, T., & Kollmeier, B. (2006). The role of silent intervals for sentence
intelligibility in fluctuating noise in hearing-impaired listeners. ), International Journal of
Audiology, 45,26-33.

Weatherly. S., L. (2002). Testing visual acuity with the Jaeger eye chart. Material evaluation, 60,

928-929.

World Health Organization (2001). International classification of functioning disability and
health (ICF).

World Health Organization (2013).
http://www.who.int/pbd/deafness/hearing impairment grades/en/

Wild, C. J., Yusuf, A., Wilson, D. E., Peelle, J. E., Davis, M. H., & Johnsrude, I. S. (2012).
Effortful listening: the processing of degraded speech depends critically on attention. The
Journal of Neuroscience, 32(40), 14010-14021.

Wong, P. C,, Jin, J. X., Gunasekera, G. M., Abel, R., Lee, E. R, Dhar, S., 2009. Aging and
cortical mechanisms of speech perception in noise. Neuropsychologia. 47, 693-703. doi:
10.1016/j.neuropsychologia.2008.11.032.

Yovel, G., & Belin, P. (2013). A unified coding strategy for processing faces and voices. Trends
in Cognitive Sciences, 17, 263-271.

Zekveld, A. A., Heslenfeld, D., J., Festen J., M., & Schoonhoven, R. (2006). Top-down and
Bottom-up process in speech comprehension. Neuroimage, 32, 1826-1836.

57



Zekveld, A. A., George, E. L. J., Kramer, S. E., Goverts, S. T., & Houtgast, T. (2007). The
development of the Text Reception Threshold test: A visual analogue of the Speech
reception threshold test. Journal of Speech Language and Hearing Research, 50, 576-584.

Zekveld, A., Kramer, S., & Festen, J. (2010). Pupil response as an indication of effortful
listening: The influence of sentence intelligibility. Ear and Hearing, 31, 480—490.

Zekveld, A. A., Rudner, M., Johnsrude, L. S., Festen, J. M., Van Beek, J. H., & Ronnberg, J.
(2011). The influence of semantically related and unrelated text cues on the intelligibility of
sentences in noise. Ear and Hearing, 32,16-25.

Zekveld, A. A., Rudner, M., Johnsrude I. S., Heslenfeld, D. J., & Ronnberg, J. (2012).
Behavioral and fMRI evidence that cognitive ability modulates the effect of semantic
context on speech intelligibility. Brain and Language, 122, 103-113.

Zekveld, A. A., Rudner, M., Johnsrude, I. S., & Ronnberg, J. (2013). The effects of working
memory capacity and semantic cues on the intelligibility of speech in noise. Journal of
Acoustical Society of America, 134,2225-2234.

Zion Golumbic, E. M., Ding, N., Bickel, S., Lakatos, S., Schevon, C. A., McKhann, G. M., et al.
(2013). Mechanism underlying selective neuronal tracking of attended speech at a “cocktail
party”. Neuron, 77, 980-991.

58



Papers

The articles associated with this thesis have been removed for copyright
reasons. For more details about these see:
http://urn.kb.se/resolve?urn=urn:nbn:se:liu:diva-104946



http://urn.kb.se/resolve?urn=urn:nbn:se:liu:diva-104946




Studies from the Swedish Institute for Disability Research

L.

Varieties of reading disability
Stefan Gustafson

ISBN 91-7219-867-2, 2000

Cognitive functions in drivers with brain injury — anticipation and adaptation
Anna Lundqvist
ISBN 91-7219-967-9, 2001

Cognitive deafness
Ulf Andersson
ISBN 91-7373-029-7, 2001

Att ldra sig leva med forvirvad horselnedsittning sett ur par-perspektiv
Carin Fredriksson

ISBN 91-7373-105-6, 2001

Signs, Symptoms, and Disability Related to the Musculo-Skeletal System
Gunnar Lundberg
ISBN 91-7373-160-9, 2002

Participation — Ideology and Everyday Life
Anette Kjellberg
ISBN 91-7373-371-7, 2002

Forildrar med funktionshinder — om barn, forildraskap och familjeliv
Marie Gustavsson Holmstrom

ISBN 91-7203-500-5, 2002

Active wheelchair use in daily life

Kersti Samuelsson

ISBN 91-7373-196-X, 2002

Tvé kon eller inget alls. Politiska intentioner och vardagslivets realiteter i den
arbetslivsinriktade rehabiliteringen

Marie Jansson

ISBN 91-7373-568-X, 2003



10.

11.

12.

13.

14.

15.

16.

18.

Audiological and cognitive long-term sequelae from closed head injury
Per-Olof Bergemalm
ISBN 91-7668-384-2, 2004

Att vara i sirklass — om delaktighet och utanforskap i gymnasiesérskolan
Martin Molin

ISBN 91-85295-46-9, 2004

Riittvis idrottsundervisning for elever med rorelsehinder — dilemma kring
omfordelning och erkinnande

Kajsa Jerlinder

Licentiate Degree, 2005

Hearing impairment and deafness. Genetic and environmental factors —
interactions — consequences. A clinical audiological approach

Per-Inge Carlsson

ISBN 91-7668-426-1, 2005

Hearing and cognition in speech comprehension. Methods and applications
Mathias Hallgren

ISBN 91-85297-93-3, 2005

Living with deteriorating and hereditary disease: experiences over ten years of
persons with muscular dystrophy and their next of kin

Katrin Bostrom

ISBN 91-7668-427-x, 2005

Disease and disability in early rheumatoid arthritis

Ingrid Thyberg

ISBN 91-85299-16-2, 2005

"Varfor fir jag icke folja med dit fram?" Medborgarskapet och den offentliga
debatten om déovstumma och blinda 1860-1914

Staffan Bengtsson

ISBN 91-85457-06-X, 2005

Modalities of Mind. Modality-specific and nonmodality-specific aspects of
working memory for sign and speech

Mary Rudner

ISBN 91-85457-10-8, 2005



19.

20.

21.

22.

23.

24.

25.

26.

27.

Facing the Illusion Piece by Piece. Face recognition for persons with
learning disability

Henrik Danielsson
ISBN 91-85497-09-6, 2006
Vuxna med forvirvad traumatisk hjirnskada — omstéllningsprocesser och

konsekvenser i vardagslivet. En studie av femton personers upplevelser
och erfarenheter av att leva med forvirvad traumatisk hjirnskada

Thomas Strandberg

ISBN 91-7668-498-9, 2006

Nycklar till kommunikation. Kommunikation mellan vuxna personer med grav
forvirvad hjirnskada och personernas nirstiende, anhoriga och personal

Pia Kécker

ISBN 978-91-85715-88-6, 2007

”Aspergern, det ir jag”. En intervjustudie om att leva med Asperger syndrom
Gunvor Larsson Abbad

ISBN 978-91-85831-43-2, 2007

Sounds of silence - Phonological awareness and written language in children with
and without speech

Janna Ferreira

ISBN 978-91-85895-74-8, 2007

Postponed Plans: Prospective Memory and Intellectual Disability

Anna Levén

ISBN 978-91-85895-57-1, 2007

Consequences of brain tumours from the perspective of the patients and of their
next of kin

Tanja Edvardsson

ISBN 978-91-7668-572-3, 2008

Impact on participation and service for persons with deafblindness
Kerstin Moller

ISBN 978-91-7668-595-2, 2008

Approaches to Audiological Rehabilitation with Hearing Aids: studies on
prefitting strategies and assessment of outcomes

Marie Oberg

ISBN 978-91-7393-828-0, 2008



28.

29.

30.

31.

32.

33.

34.

35.

Social Interaction and Participation in Activities of Everyday Life Among Persons
with Schizophrenia

Maria Yilmaz

Licentiate Degree, 2009

Focus on Chronic Disease through Different Lenses of Expertise

Towards Implementation of Patient-Focused
Decision Support Preventing Disability:
The example of Early Rheumatoid Arthritis

Orjan Dahlstrém
ISBN 978-91-7393-613-2, 2009

Children with Cochlear Implants: Cognition and Reading Ability
Malin Wass

ISBN: 978-91-7393-487-9, 2009

Restricted participation:

Unaccompanied children in interpreter-mediated asylum hearings in Sweden
Olga Keselman

ISBN: 978-91-7393-499-2, 2009

Deaf people and labour market in Sweden.

Education — Employment — Economy.

Emelie Rydberg

ISBN: 978-91-7668-725-3, 2010

Social rittvisa i inkluderande idrottsundervisning

for elever med rorelsehinder — en utopi?

Kajsa Jerlinder

ISBN: 978-91-7668-726-0, 2010

Erfarenheter av rehabiliteringsprocessen mot ett arbetsliv

— brukarens och de professionellas perspektiv

Helene Hillborg

ISBN: 978-91-7668-741-3, 2010

Knowing me, knowing you — Mentalization abilities of children who use
augmentative and alternative communication

Annette Sundqvist

ISBN: 978-91-7393-316-2, 2010



36.

37.

38.

39.

40.

41.

42.

43.

Lirare, socialsekreterare och barn som far illa — om sociala representationer och
interprofessionell samverkan.

Per Germundsson

ISBN: 978-91-7668-787-1, 2011

Fats in Mind

Effects of Omega-3 Fatty Acids on Cognition and Behaviour in Childhood
Ulrika Birberg Thornberg

ISBN: 978-91-7393-164-9, 2011

”Jobbet ir kommunikation”

Om anvindning av arbetshjilpmedel for personer med horselnedséittning
Sif Bjarnason

Licentiate Degree. ISBN: 978-91-7668-835-9, 2011

Applying the ICF-CY to identify everyday life situations of children and
youth with disabilities

Margareta Adolfsson

ISBN: 978-91-628-8342-3, 2011

Tinnitus — an acceptance-based approach

Vendela Zetterqvist

ISBN: 978-91-7393-040-6, 2011

Applicability of the ICF-CY to describe functioning and environment of children
with disabilities

Nina Klang

ISBN: 978-91-7668-864-9, 2012

Bringing more to participation

Participation in school activities of persons with Disability within the framework

of the International Classification of Functioning, Disability and Health for
Children and Youth (ICF-CY)

Gregor Maxwell
ISBN: 978-91-628-8484-0, 2012
From Eye to Us.

Prerequisites for and levels of participation in mainstream school of persons with
Autism Spectrum Conditions

Marita Falkmer
ISBN: 978-91-637-2091-8, 2013



44,

45.

46.

47.

48.

49.

50.

51.

52.

Otosclerosis, clinical long-term perspectives
Ylva Dahlin-Redfors
ISBN 978-91-628-8617-2, 2013

Tinnitus in Context - A Contemporary Contextual Behavioral Approach
Hugo Hesser
ISBN 978-91-7519-701-2, 2013

Hearing and middle ear status in children and young adults with cleft palate
Traci Flynn

ISBN 978-91-628-8645-5, 2013

Utrymme for deltagande, beslutsprocesser i moten mellan patienter med
ospecifika lindryggsbesvir och sjukgymnaster i primér vard

Iréne Josephson

ISBN 42-978-91-85835-41-6, 2013

”Man vill ju klara sig sjilv” Studievardagen for studenter med Asperger syndrom

i hogre studier
Ann Simmeborn Fleischer
ISBN 978-91-628-8681-3, 2013

Cognitive erosion and its implications in Alzheimer’s disease
Selina Mérdh

ISBN 978-91-7519-621-1, 2013

Horselscreening av en population med utvecklingsstorning

Utvirdering av psykoakustisk testmetod och av OAE-registrering som
komplementir metod

Eva Andersson

Licentiate Degree. ISBN 978-91-7519-616-9, 2013

Skolformens komplexitet — elevers erfarenheter av skolvardag och tillhorighet
i gymnasiesirskolan

Therése Mineur

ISBN 978-91-7668-951-6, 2013

Evaluating the process of change:

Studies on patient journey, hearing disability acceptance and stages-of-change
Vinaya Kumar Channapatna Manchaiah

ISBN 978-91-7519-534-6, 2013



53.

54.

55.

56.

57.

Cognition in hearing aid users: Memory for everyday speech

Hoi Ning (Elaine) Ng

ISBN 978-91-7519-494-3, 2013

Representing sounds and spellings Phonological decline and compensatory
working memory in acquired hearing impairment

Elisabet Classon

ISBN 978-91-7519-500-1, 2013

Assessment of participation in people with a mild intellectual disability
Patrik Arvidsson

ISBN 978-91-7668-974-5, 2013

Barnperspektiv i barnavirdsutredningar - med barns hiilsa och barns
upplevelser i fokus

Elin Hultman

ISBN 978-91-7519-457-8, 2013

Internet Interventions for Hearing Loss

Examining rehabilitation Self-report measures and Internet use in hearing-aid
users

Elisabet Sundewall Thorén
ISBN 978-91-7519-423-3, 2014



	Abstract
	Lists of Papers
	Table of Contents
	List of abbreviations
	Introduction
	Background
	Methodological Considerations
	Aims
	General Methods
	Summary of the Studies
	General Discussion
	Conclusions
	Methodological Discussion
	Future Direction
	Acknowledgments
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISOcoated_v2_eci_B)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType true
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /None
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /None
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /None
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /SVE <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        8.503940
        8.503940
        8.503940
        8.503940
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


