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Abstract 

Modern hearing aids can vary in both digital signal processing (DSP) and non-signal 

processing (non-DSP) features. The complexity and availability of these features can differ at 

opposite ends of the technology spectrum, potentially influencing aided benefit and preference. 

Furthermore, the amount of feature choices in modern hearing aids has led to increasing 

complexity in the selection process.    

The first aim of this dissertation was to investigate the aided benefit and preference differences 

between premium and entry-level hearing aids, and to investigate the drivers of any preference 

differences. No significant differences were found between the entry-level and premium 

hearing aids in aided loudness ratings, speech quality, speech recognition, and consonant 

recognition. However, most participants preferred the premium hearing aids.  

Investigation of this preference using group concept mapping revealed nine clusters, 

representing both DSP and non-DSP features. Three clusters were rated as significantly more 

important by participants that preferred the premium hearing aids. These three clusters 

represented technologies predominantly found in premium hearing aids (such as remote fitting 

compatibility). 

The second aim was to design the Hearing Aid Feature Importance Evaluation (HAFIE) 

questionnaire. This provides clinicians with a methodology to gather patient feature 

importance ratings to facilitate hearing aid recommendations. 

Questionnaire items were designed using concept mapping results as a theoretical framework. 

Hearing care professional focus groups provided feedback for modification. Validation of the 

34-item questionnaire was conducted via Qualtrics. Exploratory factor analysis was used to 

assess factor structure, resulting in three subscales: “Advanced connectivity & streaming”, 

“Physical features & usability”, and “Sound quality & intelligibility”. Seven items were 

removed due to poor factor loading, resulting in a 28-item questionnaire with three subscales. 

Reliability of each of these subscales was assessed via Cronbach’s alpha and item-total 

correlation and was found to be appropriate.  
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This thesis has resulted in a conceptual framework of the different aspects of the hearing aid 

user experience, identifying features which may influence user preference. Furthermore, it has 

resulted in the development of an evidence-based hearing aid selection tool, providing a 

structured methodology which may potentially be useful in a clinical setting.  
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Summary for Lay Audience 

 

Modern hearing aids can differ in terms of the quality of the sound produced as well as other 

features (such as Bluetooth connectivity). The complexity and availability of these features can 

differ between premium and entry-level hearing aids, potentially influencing how much benefit 

the hearing aids give, and hearing aid user preference. Furthermore, the number of features in 

modern hearing aids has made choosing a hearing aid a more complex task.    

The first aim of this dissertation was to investigate whether premium and entry-level hearing 

aids provide different sound benefits to hearing aid users, and whether they prefer one over the 

other (and why). The entry-level and premium hearing aids were found to benefit hearing aid 

users equally. However, most participants still preferred the premium hearing aids.  

Investigation of this preference revealed nine distinct feature areas influencing preference, 

including features related to sound as well as features without a sound focus (such as physical 

comfort). Three feature areas were rated as significantly more important by individuals who 

preferred the premium hearing aids. These represented technologies predominantly found in 

premium hearing aids. 

The second aim was to design the Hearing Aid Feature Importance Evaluation (HAFIE) 

questionnaire. This provides clinicians with an efficient way to recommend appropriate 

hearing aids to their patients by knowing how highly they rate different hearing aid features. 

Questionnaire items were designed using the features identified in the previous preference 

investigation. Hearing care professionals were asked for their opinion on the items. Validation 

of the 34-item questionnaire was conducted via online survey. The internal structure of the data 

was statistically analyzed, resulting in three subscales: “Advanced connectivity & streaming”, 

“Physical features & usability”, and “Sound quality & intelligibility”. Seven items were 

removed due to poorly fitting onto the subscales, resulting in a 28-item questionnaire. The 

internal consistency and reliability of the questionnaire were found to be appropriate.  
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This thesis has added to the existing knowledge of the different aspects of the hearing aid user 

experience and how they affect preference. Furthermore, it has resulted in a hearing aid 

selection questionnaire which has shown potential for clinical use.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

vi 

 

List of Abbreviations 

ANOVA= Analysis of variance 

APHAB = Abbreviated Profile of Hearing Aid Benefit 

BTE= Behind-the-ear hearing aid 

CFA= Confirmatory factor analysis 

CIC= Completely-in-the-canal hearing aid 

CM= Concept mapping 

COSI = Client Oriented Scale of Improvement 

CVI= Content validity index 

DFD= Distinctive features difference 

DM= Directional microphone 

DSP= Digital signal processing 

EFA= Exploratory factor analysis 

EMO-CHeQ = Emotional Communication in Hearing Questionnaire 

FDR= False discovery rate 

GHABP = Glasgow Hearing Aid Benefit Profile 

HAFIE= Hearing aid feature importance evaluation 

HAPQ = Hearing Aid Performance Questionnaire 

ITC= In-the-canal hearing aid 

IIC= Invisible-in-the-canal hearing aid  

KMO= Kaiser-Meyer-Olkin measure of sampling adequacy 



 

vii 

 

MAP= Minimum average partial test 

MAOF= Maximum audible output frequency 

MAR= Missing at random 

MCAR= Missing completely at random 

MNAR= Missing not at random 

NR= Noise reduction 

Non-DSP= non-signal processing 

PAF= Principal axis factoring 

PHAP = Profile of Hearing Aid Performance 

PTA= Puretone average 

RAU= Rationalized arcsine units 

RIC= Receiver-in-the-canal hearing aid 

RMSE= Root-mean-square-error 

SADL = Satisfaction with Amplification in Daily Life 

 

 

 

 

 

 



 

viii 

 

Co-Authorship Statement 

This thesis includes five chapters, comprised of an introductory chapter (Chapter 1), three 

integrated article body chapters (Chapter 2-4), and a concluding chapter (Chapter 5). I, Hasan 

Saleh, am responsible for the design, data collection, statistical analyses, and reporting of this 

work. I am the lead author on all chapters. I am the sole author of the introductory and 

concluding chapters (1 & 5). Susan Scollie reviewed drafts of these chapters prior to inclusion 

in this document. Chapters 2 and 3 are published and were co-authored by Paula Folkeard, 

Maaike Van Eeckhoutte, and Susan Scollie, who provided guidance on project design and 

statistical analyses, and assisted with manuscript review prior to submission. Chapter 4 was 

co-authored by Paula Folkeard, Selina Liao, and Susan Scollie, who provided guidance on 

project design and statistical analyses, and assisted with manuscript review. Susan Scollie and 

Paula Folkeard also provided support with obtaining ethical approval for the studies described 

in these chapters.  



 

ix 

 

Acknowledgments  

Above all, I would like to extend my heartfelt gratitude to my supervisor, Dr. Susan Scollie. Your 

invaluable advice, support, and guidance led me through the daunting task of completing a project 

of this magnitude. This work would not have been possible without your mentorship. Thank you. 

I’m extremely grateful to my candidacy and advisory committee members for all their support and 

feedback throughout this process. Dr. Ewan Macpherson, Dr. Vijay Parsa, Dr. Danielle Glista, and 

Dr. Paula Folkeard. I really appreciate all the time you spent on these committees, as well as for 

the guidance you gave me throughout my doctoral work. I could not have asked for a more 

welcoming and knowledgeable advisory committee.  

I also wish to further thank Dr. Ewan Macpherson and Dr. Paula Folkeard for their invaluable 

support beyond their role as my advisory committee members. Dr. Macpherson, your support has 

been integral to my academic and professional development since my first day at the NCA. Thank 

you for all the advice you’ve given me. Dr. Folkeard, your guidance has been so important during 

the implementation of the projects that constitute this thesis. I greatly appreciate your support.       

I would like to thank my family for all their support not just during this thesis, but throughout my 

education. My parents, Maha and Kassem, for their unending support throughout the years. 

Completing a PhD can be stressful, and I consider myself lucky to have had your words of 

encouragement just a quick phone-call away. I would also like to thank my siblings:  May, Mazen, 

and Wasim. May, I know you’re probably almost as happy as I am right now, considering all the 

proof-reading help you gave throughout my dissertation. Thank you!  

The saying “it takes a village to raise a child.” is especially true for a PhD student. I’d like to thank 

all my lab-mates, honorary lab-mates, and the friends I’ve made throughout my time at the National 

Centre for Audiology here at Western University. The welcoming sense of community and 

camaraderie here is second to none. Thank you all for making this PhD as enjoyable as it was. 

This work would not have been possible without the support from the Ontario Research Fund 

(ORF-RE08-72). Thank you to all those involved in providing that research grant to the National 

Centre for Audiology. Thank you to Sivantos for their funding support in one of the projects of this 

thesis. I’d also like to thank Steve Beaulac, whose programming and technological wizardry made 

these projects possible.   



 

x 

 

Table of Contents 

Abstract ............................................................................................................................... ii 

Keywords ........................................................................................................................... iii 

Summary for Lay Audience ............................................................................................... iv 

List of Abbreviations ......................................................................................................... vi 

Co-Authorship Statement................................................................................................. viii 

Acknowledgments.............................................................................................................. ix 

List of Tables .................................................................................................................... xv 

List of Figures .................................................................................................................. xvi 

Chapter 1 ............................................................................................................................. 2 

1 Introduction .................................................................................................................... 2 

1.1 An overview of hearing aids ................................................................................... 2 

1.2 Digital signal processing features ........................................................................... 4 

1.2.1 Directionality .............................................................................................. 4 

1.2.2 Noise reduction ........................................................................................... 5 

1.2.3 Multi-channel dynamic range compression ................................................ 8 

1.2.4 Automatic switching ................................................................................... 9 

1.3 Non-signal processing features ............................................................................. 10 

1.4 Feature variety across hearing aids ....................................................................... 11 

1.5 User preference in hearing aids ............................................................................. 12 

1.6 Implementation of patient preference in decision-making ................................... 14 

1.7 Methods of gathering patient preference .............................................................. 16 

1.7.1 Interviews .................................................................................................. 16 

1.7.2 Questionnaires/Surveys............................................................................. 16 

1.8 Research Objectives .............................................................................................. 18 

1.9 Summary of chapters ............................................................................................ 22 



 

xi 

 

1.10 ........................................................................................................................... References

............................................................................................................................... 23 

Chapter 2 ........................................................................................................................... 37 

2 Behavioral outcome differences between premium and entry-level hearing aids ....... 37 

2.1 Background ........................................................................................................... 37 

2.2 Methods................................................................................................................. 41 

2.2.1 Study approval and ethics ......................................................................... 41 

2.2.2 Set-up and calibration ............................................................................... 41 

2.2.3 Study design, materials, and equipment ................................................... 42 

2.2.4 Test procedures ......................................................................................... 44 

2.3 Data analysis ......................................................................................................... 49 

2.3.1 Sentence recognition in noise ................................................................... 50 

2.3.2 Consonant identification ........................................................................... 50 

2.3.3 Sound quality ............................................................................................ 50 

2.3.4 Loudness growth ratings ........................................................................... 50 

2.3.5 Preference ratings...................................................................................... 51 

2.4 Results ................................................................................................................... 51 

2.4.1 Participants ................................................................................................ 51 

2.4.2 Audibility .................................................................................................. 51 

2.4.3 Sentence recognition in noise ................................................................... 52 

2.4.4 Consonant identification ........................................................................... 54 

2.4.5 Sound quality ............................................................................................ 54 

2.4.6 Aided loudness growth ............................................................................. 56 

2.4.7 Preference ................................................................................................. 56 

2.5 Discussion ............................................................................................................. 57 

2.6 Limitations ............................................................................................................ 60 



 

xii 

 

2.7 References ............................................................................................................. 61 

Chapter 3 ........................................................................................................................... 66 

3 Using concept mapping to find the drivers of hearing aid preference ......................... 66 

3.1 Background ........................................................................................................... 66 

3.1.1 Differences in hearing aid technology levels ............................................ 66 

3.1.2 The effect of technology on prefernce ...................................................... 67 

3.1.3 Concept mapping as a method for studying stakeholder perspectives ..... 69 

3.2 Methods and materials .......................................................................................... 71 

3.2.1 Participants ................................................................................................ 71 

3.2.2 Statement generation ................................................................................. 71 

3.2.3 Sorting ....................................................................................................... 72 

3.2.4 Rating ........................................................................................................ 72 

3.2.5 Data analysis & representation ................................................................. 73 

3.3 Results ................................................................................................................... 73 

3.3.1 Cluster analysis ......................................................................................... 73 

3.3.2 Importance ratings .................................................................................... 81 

3.3.3 Subgroup analysis ..................................................................................... 82 

3.4 Discussion ............................................................................................................. 84 

3.4.1 Concept mapping ...................................................................................... 84 

3.4.2 Feature importance.................................................................................... 85 

3.4.3 Implications for patient care ..................................................................... 87 

3.4.4 Limitations ................................................................................................ 88 

3.5 References ............................................................................................................. 90 

Chapter 4 ........................................................................................................................... 96 

4 Development and initial evaluation of the Hearing Aid Feature Importance Evaluation 

(HAFIE) questionnaire ................................................................................................. 96 



 

xiii 

 

4.1 Introduction ........................................................................................................... 96 

4.1.1 Hearing aid selection................................................................................. 96 

4.1.2 Questionnaire use in assessment of hearing aid candidacy, preference, and 

outcome: .................................................................................................... 97 

4.1.3 Current study ............................................................................................. 99 

4.2 Methods............................................................................................................... 100 

4.2.1 Initial questionnaire design ..................................................................... 100 

4.2.2 Questionnaire evaluation: factor structure, validity, and reliability ....... 102 

4.3 Results ................................................................................................................. 105 

4.3.1 Focus groups and focused interview ....................................................... 107 

4.3.2 Questionnaire evaluation participants ..................................................... 108 

4.3.3 Data cleaning & missing data replacement ............................................. 109 

4.3.4 Factor analysis ........................................................................................ 110 

4.3.5 Item retention & removal ........................................................................ 110 

4.3.6 Internal reliability & consistency ............................................................ 116 

4.4 Discussion ........................................................................................................... 116 

4.4.1 Implications in audiology ....................................................................... 118 

4.4.2 Limitations .............................................................................................. 119 

4.5 References ........................................................................................................... 121 

Chapter 5 ......................................................................................................................... 127 

5 Discussion .................................................................................................................. 127 

5.1 Contributions and future directions .................................................................... 127 

5.1.1 Study aims and findings .......................................................................... 127 

5.2 Future directions ................................................................................................. 134 

5.2.1 Confirming factor structure..................................................................... 134 

5.2.2 Validity assessment ................................................................................. 135 



 

xiv 

 

5.2.3 Reliability assessment ............................................................................. 136 

5.2.4 Further directions .................................................................................... 136 

5.3 Conclusions ......................................................................................................... 137 

5.4 References ........................................................................................................... 138 

Appendices ...................................................................................................................... 142 

Curriculum Vitae ............................................................................................................ 169 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

xv 

 

List of Tables 

Table 2-1 Feature profiles of the hearing aid programs used when testing laboratory outcome 

measures in two different hearing aids. .................................................................................. 43 

Table 3-1 List of the different cluster names, their overall themes, total number of statements, 

example statements, and average bridging values. ................................................................. 76 

Table 4-1 List of the different cluster names, their overall themes, total number of statements, 

example statements, and average bridging values. ............................................................... 113 

 



 

xvi 

 

List of Figures 

Figure 1-1 General flowchart for the hearing aid fitting process. Area of focus addressed in 

this doctoral work is shaded in grey. ...................................................................................... 18 

Figure 1-2 The knowledge-to-action process. Adapted from “Lost in knowledge translation: 

Time for a map?”, by I.D. Graham, J. Logan, M. B. Harrison, S. E. Straus, J. Tetroe, W. 

Caswell, and N. Robinson. Journal of Continuing Education in the Health Professions, 26, p. 

13-24. Copyright permission provided by Walter Kluwers Health, inc. ................................ 20 

Figure 2-1 Study timeline and appointment flowchart. .......................................................... 48 

Figure 2-2 US Matrix series test results for the directionality settings of the premium and 

entry-level hearing aids for 23 participants. The Y-axis represents the SNR at which a 50% 

correct score on the test was achieved. Premium-only settings (black) are the pinna-matched 

omnidirectional (left) and te narrow beamforming (middle) microphone settings. Significant 

differences between premium and premium-only settings are indicated by an asterisk 

(significant differences between different microphone settings not denoted). Error bars 

represent 1 standard deviation from the mean. ....................................................................... 53 

Figure 2-3 Total impression and clarity Gabriellson ratings for the directionality settings of 

the premium and entry-level hearing aids for 23 participants in noise and quiet. The Y-axis 

represents the subjective rating out of 10. Premium-only settings (black) are the pinna-

matched omnidirectional (left) and the narrow beamforming (middle) microphone settings. 

Error bars represent 1 standard deviation from the mean. ...................................................... 55 

Figure 2-4 Overall hearing aid preference ratings for the 23 participants ranging from a 

strong preference to the entry-level to strong preference for the premium hearing aids. ....... 57 

Figure 3-1 (a) Nine-cluster solution of the 83 statements. Cluster names are representative of 

the overall theme of the cluster statements. Individual points each represent one statement. 

(b) Cluster rating map of the 83 statements. Cluster names are representative of the overall 

theme of the cluster statements. Each cluster’s average statement rating from 1 (not 

important) to 5 (extremely important) is shown within the cluster. Clusters with more depth 

are of relatively higher average importance. ........................................................................... 80 

file:///C:/Users/bigh_/OneDrive/Desktop/PhD%20Stuff/FINAL%20DISSERTATION/Hasan_Thesis_Revised.docx%23_Toc112145531
file:///C:/Users/bigh_/OneDrive/Desktop/PhD%20Stuff/FINAL%20DISSERTATION/Hasan_Thesis_Revised.docx%23_Toc112145531


 

xvii 

 

Figure 3-2 Pattern match diagram of the cluster importance ratings for ratings made by entry-

level (left) and premium hearing aid choosers (right). Clusters displayed higher on the ladder 

have higher average ratings on the 5-point Likert rating scale. Maximum and minimum 

scores are displayed on the top and bottom of the ladders, respectively. Stars indicate clusters 

with significantly different ratings between the groups. ......................................................... 83 

 

 



 2 

 

2 

Chapter 1  

1 Introduction  

1.1 An overview of hearing aids 

Globally, there are almost 500 million people with a significant hearing loss (Brown et al., 

2018; Wilson et al., 2017), defined by the World Health Organization (2021) as thresholds 

greater than 35 decibels in the better hearing ear. In Canada, nearly 20% of individuals 

aged 20 to 79 have a hearing loss, totaling 4.6 million adults as of 2013 (Feder et al., 2015). 

Sensorineural hearing loss is the most common type of hearing loss in adults, and a 

common non-surgical method of intervention is through the use of hearing aids (Chisolm 

et al., 2007; Gatehouse, 2002). As low as 1 in 5 individuals with hearing loss use hearing 

aids, with regular usage increasing depending on the severity of the hearing loss (Jorgensen 

& Novak, 2020; Lin et al., 2011). Furthermore, rates of non-use of already-owned hearing 

aids have been reported to be as high as 15.5% (Solheim & Hickson, 2017). This is despite 

the fact that hearing aid use has been demonstrated to provide benefit to individuals with 

even a mild hearing loss, improving listening ability and health-related quality of life 

(Ferguson et al., 2017; C. E. Johnson et al., 2016). In a recent review of hearing aid user 

satisfaction and benefit, however, 33% of hearing aids were found to have been acquired 

no longer than one year prior (Picou, 2020). This indicates potential increases in hearing 

aid acquisition and usage rates.  

Hearing aids have undergone multiple technological advancements in their development; 

progressing from analog listening devices to digitally controlled analog, to the current era 
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of modern digital hearing aids (Dillon, 2012; Schweitzer, 1997), with programmable digital 

signal processing and wireless technologies (Edwards, 2020). Early analog hearing aids 

converted sounds to an electric signal which passed through analog filters and was emitted 

from the receiver with linear gain and no additional processing (Chung, 2004; Valente et 

al. 1998; Valente et al. 1999). Digitally controlled analog, or analog programmable hearing 

aids, have the acoustic signal converted to an electric signal which is split into multiple 

frequency channels, which is programmed with channel-specific gain using fitting 

software. These provided different amplification levels between the channels and early 

versions may have not performed any dynamic signal processing (Chung, 2004; Ricketts 

& Bentler, 1992). Modern digital hearing aids convert the acoustic input signal to a digital 

signal using analog-to-digital converters (Schweitzer, 1997). All further processing on the 

signal is done entirely digitally, with filters and processing algorithms before converting 

the signal back to the sound output (Chung, 2004). This processing often includes noise 

reduction, beamforming, feedback cancellation, and scene analysis with scene-specific 

adjustment to signal processing in real time (Edwards, 2007, 2020). 

A longstanding main concern for hearing aid users is their difficulty in hearing in noisy 

environments or environments with multiple speakers (Bentler, 2005; Desjardins & 

Doherty, 2009; Festen & Plomp, 1986; Picou et al., 2013). Hearing aid performance in 

noisy situations has been reported as the largest source of negative user perceptions 

(Kochkin, 2010). Data from the MarkeTrak 10 study (Jorgensen & Novak, 2020) revealed 

that hearing aid adoption is as low as 22% in individuals who could benefit from wearing 

them. The perception of benefit from amplification in difficult hearing situations has a 
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major influence on the patient’s decision to adopt hearing aids (Kochkin, 2005; Meyer & 

Hickson, 2012). 

It is important for hearing aids to be useful in different listening environments, as there can 

be high variability between environments in terms of input levels (Kochkin, 2007; 

Wagener, 2008) and frequency (Abbad, 2014; Lesica, 2018) as well as background noise 

levels, reverberation, and signal source locations. Using the same hearing aid settings or 

features across different listening environments does not provide equal benefits (Cox & 

Alexander, 1991) and is not equally satisfactory for hearing aid users (Kates, 1995; Keidser 

et al., 2005; Smeds et al., 2006a, 2006b). Modern hearing aids have access to integrated 

features designed to adapt to complex acoustic environments and to alleviate users’ 

difficulty in noisy and/or multi-talker environments by selectively providing 

environmentally specific signal processing features. The benefits to speech intelligibility 

of having appropriate settings for different listening environments have been demonstrated 

(Keidser, 1996; Searchfield et al., 2018). Chief among these signal processing features are 

microphone directionality, digital noise reduction, and multichannel dynamic range 

compression, described further below. 

1.2 Digital signal processing features 

 

1.2.1 Directionality 

Hearing aids can contain one or more microphones. Directionality, or beamforming, uses 

both internal and external delay of the hearing aid microphones; the external delay is the 

difference in time for a target sound to reach both microphones. The internal delay is the 
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time difference between the microphone outputs internally and this delay can be 

manipulated by the hearing aid digitally or through the use of an internal acoustic filter. An 

equal internal and external delay will cause cancellation of the target output either 

mechanically (an older method) (Chung, 2004) or digitally (a more modern technique) 

(Ricketts et al., 2017). This has the effect of nullifying sounds from certain angles, thereby 

attenuating sounds which come from those angles. The hearing aid can also actively alter 

the delay, and thereby alter the hearing aid sensitivity to the sounds in the 360º surrounding 

it, to maximize the ratio of energy coming from the front to improve the speech-to-noise 

ratio; this is known as adaptive directionality (Cord et al., 2004). Alternatively, the hearing 

aid can also be programmed to automatically switch in real-time between directionality 

settings based on the environment and the location of speech relative to the hearing aid 

user (Cox et al., 2014; McCreery et al., 2012; Wu et al., 2013). This process can also occur 

in multiple independent frequency channels (Cox et al., 2014; Wu et al., 2019).  

A multitude of studies have reported the benefits hearing aid users experience from having 

access to DM features. This includes both objective (Bentler, 2005; Gnewikow et al., 2009; 

Picou & Ricketts, 2018; Ricketts, 2005; Saleh et al., 2021; Valente & Mispagel, 2008; 

Wagener et al., 2018; Walden et al., 2005; Wu & Bentler, 2010) and subjective benefits 

(Appleton & König, 2014; Park et al., 2018; Picou et al., 2017; Picou & Ricketts, 2019). 

1.2.2 Noise reduction 

Noise reduction (NR) algorithms are present in almost all modern hearing aids (Popelka et 

al., 2016), and are used to lower the gain applied to noisy signal segments, thereby reducing 

annoyance and fatigue in noisy environments (discussed below). It is useful when there is 

no speech present, and when speech and noise are both present in the sound environment. 
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Generally, noise reduction for continuous (non-transient) noises use three main strategies: 

multi-channel adaptive noise-reduction,  synchrony-detection noise reduction, and spectral 

subtraction (Bentler & Chiou, 2006; Chong & Jenstad, 2018; Chung, 2004; Popelka et al., 

2016). Once the signal’s speech and noise content (and ratio) are identified, portions of the 

signal with significant background noise have their gain reduced based on the specific 

strategy implemented.   

Noise reduction programs have been found to reduce hearing aid user annoyance, perceived 

sound quality, aversion to noise, and listening exertion (Bentler et al., 2008a; Brons et al., 

2014; Desjardins & Doherty, 2014; Sarampalis et al., 2009; Wendt et al., 2017; Wu et al., 

2019; Wu & Stangl, 2013) and to be preferred by hearing aid users to non-noise reduction 

algorithms when compared in different environments (Pittman & Hiipakka, 2013; Ricketts 

& Hornsby, 2005; Wu et al., 2019). NR neither improves nor degrades speech intelligibility 

when used at clinically-typical settings (Crukley & Scollie, 2014; Desjardins & Doherty, 

2014; Mueller et al., 2006; Pittman et al., 2017; Pittman & Hiipakka, 2013). However, past 

an optimal range balancing intelligibility and comfort (Jenstad et al., 2007), it has been 

suggested that increasing noise reduction and comfort lead to decreased intelligibility 

(Brons et al. 2014). This corresponds to previous findings that reported sound 

“pleasantness” is not closely correlated to speech intelligibility (Byrne, 1986), and that 

listeners prioritize different sound quality dimensions based on the listening situation 

(fullness/sharpness in music and intelligibility/loudness in speech) (Vaisberg et al., 2021). 

Hearing aids also contain other forms of noise reduction algorithms, targeting wind and 

transient noise (Chong & Jenstad, 2018). Wind noise is caused by fluctuations in the air 

pressure at the hearing aid microphone (Zakis, 2011), and is still a significant area of 
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dissatisfaction for hearing aid users (Kochkin, 2010). Previously suggested approaches to 

protecting the microphone port from wind included physical modifications to reduce 

exposure (such as changing the microphone location or using a small windshield) (Dillon, 

2012; Korhonen et al., 2017; Zakis, 2011). More recent approaches implement specific 

algorithms designed to detect wind noise and suppress its effect on the signal (Keshavarzi 

et al., 2018; Korhonen et al., 2017; Popelka et al., 2016) and have been shown to improve 

subjective annoyance ratings and speech identification in wind (Korhonen et al., 2017). 

Current developments include the use of machine learning algorithms and binaural 

processing to further improve wind noise reduction (Au et al., 2019; Keshavarzi et al., 

2018). 

Transient (or impulse) noises are those which occur rapidly and can be quite loud, such as 

a door slamming or a car horn (Liu et al., 2012; Popelka et al., 2016). This is not easily 

detected by the previously mentioned noise reduction algorithm strategies, and can be a 

source of discomfort in hearing aid users (Keidser et al., 2009; Moore et al., 2011). Specific 

algorithms targeting transient noise have been developed, detecting transient noises by 

assessing rapid changes in the input signal (DiGiovanni et al., 2011). These have been 

shown to be subjectively preferred by hearing aid users and contribute to a higher accepted 

overall gain (Korhonen et al., 2013), as well as provide benefits to speech intelligibility in 

certain acoustic environments rich in transient noises (DiGiovanni et al., 2011). Current 

strategies include application of machine learning techniques (Hao et al., 2021; Keshavarzi 

et al., 2021) and personalization to improve performance (Stronks et al., 2021) 
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1.2.3 Multi-channel dynamic range compression 

Compression is a feature which allows non-linear level-dependent amplification, helping 

to ensure that more sounds processed by the hearing aid fit into the restricted dynamic 

range of the hearing aid user (Dillon, 2012; Hamacher et al., 2005; May et al., 2018). With 

compression, the amount of gain provided by the hearing aid for low-level input signals 

(softer sounds) is higher than that applied to higher-level input sounds. Some important 

characteristics of hearing aid compression include the compression thresholds, attack time, 

release time, and compression ratios (Dillon, 2012; May et al., 2018). The compression 

threshold is the SPL level above which compression is applied to the signal. The 

compression attack time is the time taken by the hearing aid to apply compression after the 

compression threshold is reached, and the release time is the time required for compression 

to stop being applied after the signal input returns below the compression threshold. The 

compression ratio is a value quantifying the amount of compression being applied on the 

signal; this is the change in input level required to change the output by 1 dB. For example, 

a 2:1 compression ratio indicates that for every increase in input of 2 dB, the output only 

increases by 1 dB (Dillon, 2012). Hearing aids can have multiple compression channels 

with different compression thresholds, allowing different compression ratios and 

attack/release times to be applied on frequency-specific regions within the signal, based on 

the input signal level. 

The efficacy of wide dynamic range compression and its positive effects on hearing aid 

users’ fitting outcomes are well-documented. In a systematic review by McCreery et al. 

(2012), audibility was found to be improved by wide dynamic range compression. Speech 

intelligibility was also found to either be equal or improved by wide dynamic range 
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compression depending on the listening conditions. Subjective preference results were 

mixed between wide dynamic range compression and other compression (or linear gain) 

settings. 

1.2.4 Automatic switching 

 

Automatic program switching is a feature found in modern hearing aids, adapting 

directionality and noise reduction settings automatically to maximize intelligibility in the 

current acoustic environmental (de Graaff et al., 2018). This alternative to manual program 

switching is a technological attempt to recreate the human process of auditory scene 

analysis, in which the mixture of auditory input is separated and identified into its 

individual constituents (Bregman, 1994). It has been documented as being perceived as 

useful by most hearing aid users, as well as choosing the correct situation for the 

environment (Gabriel, 2002; Olson et al., 2004), albeit with significantly less accuracy 

classifying in speech in noise, traffic, and music (Büchler, 2001). In an assessment of 

automatic switching accuracy, Searchfield et al. (2018) found that the automatically 

selected settings provided a benefit over the users’ selected settings in a variety of listening 

environments. This is consistent with previous literature reporting that hearing aid users 

typically do not change their manual program, and do not always select the appropriate 

manual setting based on their listening environment when they do (Cord et al., 2002). 

Current studies evaluate the role of environment-specific preferences in improved or 

personalized hearing aid settings, including how machine learning algorithms may 

contribute to improvement (Søgaard Jensen et al., 2019). 
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1.3 Non-signal processing features 

 

Today’s commercial hearing aid products, however, also includes features which are not 

related to the hearing aid’s digital signal processing toolkit to improve audibility and 

speech intelligibility. These will hereby be referred to as non-signal processing features. 

The progress and development of non-signal processing features has mirrored that of signal 

processing features, and thus modern hearing aids have a multitude of features aimed at 

improving the overall fitting experience. These will be discussed below.  

The first of these non-signal processing features is the physical style of the hearing aid, or 

the form factor of the hearing aid. Hearing aid development has given users access to 

different physical styles than the traditional behind-the-ear (BTE) hearing aid, such as in-

the-ear (ITE), in-the-canal (ITC), completely-in-the-canal (CIC), invisible-in-canal (IIC), 

mic-in-helix (MIH) and receiver-in-the-canal (RIC) hearing aids, albeit with restrictions 

based on the individual circumstances of the hearing aid user, such as the extent of their 

hearing loss. These styles have markedly different physical characteristics which influence 

the cosmetics of the hearing aids as well as their ease of management by the hearing aid 

user. Accessory compatibility is also a common feature, and possible accessories include 

remote controls and television audio-steamers. In addition, modern hearing aids can also 

have Bluetooth connectivity. This provides compatibility with a smartphone/tablet for 

music and call streaming. Smartphone/tablet connection can also give the hearing aid user 

proprietary application access, when available. These applications are commonly called 

“apps” (Lewis et al., 2014). Via the app, the user can modify basic hearing aid settings (i.e., 

volume and clarity/comfort) control and, in some apps, more advanced settings such as the 
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directionality polar plots. Furthermore, more recent phone app developments also allow 

the user to communicate with the hearing professional, give access to remote fitting and 

fine-tuning, allow accurate detection of falls and tracking of steps taken during the day 

(Rahme et al., 2021), and provide GPS tracking to help with locating a hearing aid as well 

as to allow the hearing aid to adaptively adjust settings to location-based preferences 

(Kollmeier & Kiessling, 2018; Wasmann et al., 2021). 

1.4 Feature variety across hearing aids 

When available, many of these features vary in sophistication between the different 

technology levels in modern available hearing aids, with higher technology levels typically 

including more sophisticated versions of features (Cox et al., 2014; Lansbergen & 

Dreschler, 2020). This applies to both signal processing and non-signal processing features. 

Signal processing features differ in terms of complexity and efficacy across hearing aids. 

This includes the features described in Section 1.2 above. Directional microphones at their 

most basic level are single-channel and non-adaptive, whereas more complex forms of 

directionality use multi-channel strategies which can adapt to the environment signal and 

noises sources. Even more advanced are bilateral beamformer systems which use interaural 

hearing aid communication to achieve a very narrow directional focus, and speech-seeking 

directional microphones which can alter the polar plot to focus on speech not located in 

front of the hearing aid user (Wu et al., 2019). Noise reduction systems at different 

technology levels vary in their number of channels, the speed at which they function, and 

in the range of identifiable noise types (Wu et al., 2019).  In terms of signal compression, 

hearing aids can also vary in the number of adjustable compression channels available 

(Lansbergen & Dreschler, 2020), with high-end hearing aids containing upwards of 16-22 
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channels whereas entry-level hearing aids have closer to between 6 and 8 channels (Cox et 

al., 2016; Saleh et al., 2021). 

Non-signal processing (non-SP) features can also differentiate hearing aids. As mentioned, 

many physical styles of hearing aid are available depending on an individual’s preference 

and needs. In addition, hearing aids can differ in their compatibility to accessories such as 

the TV streamer, remote microphones, and remote control. Bluetooth connectivity is also 

not available in all hearing aids. This also means that other features requiring Bluetooth, 

such as phone/tablet call and music streaming, along with smartphone/tablet app 

compatibility, are mostly available at the high end of the hearing aid technology spectrum 

(J.A Johnson et al., 2016) but are becoming prevalent in modern hearing aids (Bhowmik 

et al., 2021; Ross, 2020). 

1.5 User preference in hearing aids 

 

Preference is a complex construct representing the decision for one outcome or experience 

over another, and which involves an individual’s previous experiences and personal values 

(Brennan & Strombom, 1998). The overall hearing aid experience can vary widely between 

users due to the multitude of differences that exist between hearing aids and their features 

(both signal processing and non-signal processing) and is affected by factors not solely 

limited to audibility. As discussed above, the effect of advancement in signal processing 

(specifically DM/NR) technology on aided audibility, intelligibility, and comfort has been 

well-established in the literature (Ahmadi et al., 2018; Bentler et al., 2006, 2008a; Bentler 

et al., 2004; Brons et al., 2014; Crukley & Scollie, 2014; Desjardins & Doherty, 2014; 
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Sarampalis et al., 2009; Walden et al., 2000; Wendt et al., 2017; Wu et al., 2019; Wu & 

Bentler, 2010b). The preference and satisfaction differences between different levels and 

types of signal processing features has also been studied and reported on, spanning 

different DM and NR technologies (Cox et al., 2011, 2016; Neher, 2014; Ricketts & 

Hornsby, 2005; Wu et al., 2019). However, these findings may not inform us about benefit 

or improved satisfaction from non-signal processing features.  

Bridges et al. (2012) investigated, in a comparison of Likert scales and conjoint analysis, 

the value of seven hearing aid attributes that include both signal processing and other 

features: performance in quiet and noise, frequency of battery replacement, price, water 

and sweat resistance, feedback, and comfort. They found high concordance between the 

Likert scale and conjoint analyses, both revealing performance in noise as the most 

valuable feature for users. This was followed by physical comfort, performance in quiet 

settings, and resistance to water/sweat. Zhu et al. (2020) also included non-signal 

processing features into a study of the preference for different levels of specific hearing aid 

attributes. They conducted a discrete choice interview-based study with features asked 

about including cost, hearing aid style, HA effectiveness in quiet and noisy environments, 

feedback, connectivity, water resistance, and battery life. They found that, while 

effectiveness in noise was overall the most important to users, the preference across many 

of these features, both DSP and non-SP related, varied across participants from different 

demographic and socioeconomic backgrounds. Manchaiah et al. (2021) retrospectively 

analyzed hearing aid user feature selection choices across both DSP and non-DSP features 

and found that the most highly rated features were benefit in noise and quiet, comfort, and 

hearing aid reliability.  
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Experimental research on preference between different hearing aids has largely only 

included differences in certain DSP features, controlling for other DSP and all non-signal 

processing features (Cox et al., 2016; Wu et al., 2019). To the author’s knowledge after a 

review of the available literature, there has been no experimental study on preference 

between varying overall hearing aid product profiles which include varying levels of non-

signal processing features. 

1.6 Implementation of patient preference in decision-making 

 

Preference is a multidimensional concept representing the relative desirability of certain 

experiences or outcomes. It is influenced by an interaction of an individual’s cognition, 

experiences, and personal values (Brennan & Strombom, 1998). In a healthcare setting, 

person-centered care is an approach which incorporates patients’ individual needs and 

preferences into the decision-making process prior to treatment (Ekman et al., 2011; 

Jaarsma et al., 2018; Leplege et al., 2007), and has become more common (Woolf et al., 

2005). Patient inclusion in the decision-making process has been reported to mitigate post-

treatment regret and improve positive outcomes such as satisfaction (Mulley et al., 2012). 

Designing patient management and treatment plans around patient preference also 

improves compliance (Bratzke et al., 2015). Knowledge of patient preference can improve 

the efficacy and cost-effectiveness of care (Brennan & Strombom, 1998), as well as 

identify individual or group-level differences which can assist with clinical decision-

making (Marshall et al., 2017).  
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Preference can represent both the final choice of overall treatment (Brennan & Strombom, 

1998) and the features of certain treatment options (Moore & Kramer, 1996). In a hearing 

aid context, examples of this can include the decision to adopt a hearing aid, or the choice 

between features available in a hearing aid. In an hearing healthcare setting, patient 

involvement in treatment decision-making includes tailoring the choice between hearing 

aids, the parameters of signal processing features, and the availability of non-signal 

processing features, based on the participant’s needs and preferences. The importance of 

these considerations can be seen in the recent hearing aid fitting guidelines published by 

the Audiology Practice Standards Organization (2021). These standards recommend a 

“needs assessment” to be conducted prior to fitting to identify the patient’s audiological, 

communicative, and non-audiological needs. These are used to determine hearing aid 

candidacy, and the decision to include specific signal processing and non-signal processing 

features. The Help Me Choose tool offered by HearingTracker 

(https://www.hearingtracker.com/hearing-aids/personalized-match-survey) is an available 

example of a (remote) patient preference/needs assessment tool. 

Patient-centered interaction has been highlighted as a way to improve hearing aid adoption 

(Poost-Foroosh et al., 2011). It may also lead to less regret and more compliance (Bratzke 

et al., 2015; Mulley et al., 2012), which could increase hearing aid uptake. Modern hearing 

aid selection requires the consideration of a vast assortment of features. This, coupled with 

the importance of patient inclusion in the hearing aid selection process, suggests a need for 

a feature-specific needs assessment, aimed at potential hearing aid users prior to hearing 

aid selection and fitting. 
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1.7 Methods of gathering patient preference 

 

Patient inclusion in the decision-making process can be facilitated by gathering patient 

preference information. This can be done informally such as through patient interviews, or 

through more structured methodologies including surveys and questionnaires (Booij et al., 

2013; Brennan & Strombom, 1998; Kaiser et al., 2020; Lin et al., 2005) which can be 

designed to be administered to the patient by the health service provider in person or to be 

completed by the patient independently. This may be completed either electronically, on 

paper, or both, depending on the questionnaire/survey design (Dillman et al., 2014). 

1.7.1 Interviews 

 

Interviews are a direct way to assess preference and subjective experience, and these 

can be done either in person, electronically, or by phone. Interviews consist of either 

structured close-ended questions regarding preference or open-ended questions to collect 

qualitative preference data, and they can have integrated rating scales within them. 

Interviews have been used as part of the concluding outcome measures (exit interviews) of 

real world experiments to assess the preference of features tested (Cox et al., 2011; 

Dahlquist et al., 2015; Keidser et al., 2007; Lunner, 1997), or to measure satisfaction 

(Kaplan-Neeman et al., 2012; Keidser et al., 2011). 

1.7.2 Questionnaires/Surveys 

Questionnaires, closely related to closed-ended interviews, are another way to 

measure subjective attitudes. These can be direct questionnaires asking about preference 
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for certain HA features and the reasons for this preference (Mylanus et al., 1998), or they 

can increase in complexity and structure to assess multiple aspects of hearing aid users’ 

subjective experience.  

Many structured questionnaires are available which use rating scales to assess a wide range 

of factors such as perceived hearing aid benefit, performance, subjective emotional 

experiences, and satisfaction in different situations. These include the Glasgow Hearing 

Aid Benefit Profile (GHABP, Gatehouse, 1999), the Profile of Hearing Aid Performance 

(PHAP, Cox & Gilmore, 1990), the Satisfaction with Amplification in Daily Life scale 

(SADL, Cox & Alexander, 1999), the Abbreviated Profile of Hearing Aid Benefit 

(APHAB, Cox, 1997), the Client Oriented Scale of Improvement (COSI, Dillon et al., 

1997), the Hearing Aid Performance Questionnaire (HAPQ, Gatehouse et al. 2006), the 

Emotional Communication in Hearing Questionnaire (EMO-CHeQ; Singh et al., 2019)  

and the International Outcome Inventory for Hearing Aids (IOI-HA, Cox & Alexander, 

2002). These questionnaires are well-established in research and clinical settings, with 

purposes ranging from pre-fitting use to assess the situations needing amplification (such 

as the GHABP), after fitting to assess satisfaction with the hearing aid (SADL), and both 

before and after fitting to measure HA benefit (APHAB).  

None of the previously discussed questionnaires are designed with a focus on hearing aid 

features and technology and as a candidacy tool to assess the specific features important to 

potential hearing aid users. There are questionnaires aimed at hearing aid selection or 

attribute importance. Some of these were developed for use in a limited research setting 

and are not published for clinical use (Meister et al., 2001). However, some questionnaires 

are designed for more general use, including the Hearing Aid Selection Profile (HASP; 
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Jacobson et al., 2001) and the Characteristics of Amplification Tool (COAT; Sandridge & 

Newman, 2006). These questionnaires elicit user ratings of subjective hearing aid features 

and attributes such as preferred form factor, cost, and overall communication needs. 

However, as will be discussed further in Chapter 4, these questionnaires do not include any 

specific hearing aid technologies and are dated, limiting their use in modern hearing aid 

selection. Furthermore, there are many proprietary hearing aid selection services and 

surveys designed to help clinicians and patients select an appropriate hearing aid (provided 

by hearing aid companies, clinics, and hearing care professionals), and these vary in scope 

of use. Some commercially-available online tools, such as the Help Me Choose tool offered 

by HearingTracker (https://www.hearingtracker.com/hearing-aids/personalized-match-

survey), have provided novel insight into consumer attitudes and preferences (Manchaiah, 

Picou, et al., 2021). However, the theoretical framework behind these tools, and the steps 

taken to validate them, are unknown. 

1.8 Research Objectives  

Consumer preference for hearing aid technology level is important, given the strong 

relationship between technology level and cost. There has been literature assessing 

performance and preference between hearing aids at different technology levels, both with 

experimental in-lab and field trials (Cox et al., 2016; Wu et al., 2019) and via other 

techniques such as conjoint analysis (Bridges et al., 2012; Zhu et al., 2020). Hearing aid 

user preference for technology level has also not been previously investigated using group 

concept mapping techniques.  

Figure 1-1 General flowchart for the hearing aid fitting process. Area of focus addressed in this doctoral work is 

shaded in grey. 
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In summary, selecting an appropriate hearing aid is an integral step in the overall hearing 

aid experience, directly influencing user satisfaction and overall successful adoption. 

Hearing aid selection has become a complex decision requiring consideration not only of 

patient audibility needs, but also attitudes towards different available features (DSP and 

non-DSP). The importance of patient input in the patient journey has been highlighted, but 

there is a lack of evidence-based modern hearing aid selection questionnaires available for 

use in this regard.  

The objectives of this doctoral work are: 

1- To explore user preference differences for hearing aids at different levels of 

technology.  

2- To use a concept mapping process to delineate the hearing aid features which 

differentiate these levels of technology, and to explore how these features influence 

user preference and their relative importance to hearing aid users. 

3- Using the factors identified, to design a hearing aid pre-fitting candidacy 

questionnaire tool, incorporating patient-centered care into hearing services at the 

time of hearing selection. This tool may aid clinicians in gathering structured 

preference information from patients in a way that is highly aligned with the 

specific factors underlying hearing aid preference.  

These steps will be conducted following the guidance of the knowledge-to-action process 

framework proposed by I. D. Graham et al (2006). This framework contains two general 
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components. Knowledge creation represents the process by which general knowledge is 

attained (i.e., via research) and is refined and focused to ultimately be disseminated in the 

most relevant manner to the intended audience. The action component represents the 

process whereby attained knowledge is modified and tailored for implementation and 

application, in order solve a real-world problem which has been identified.  

 

Figure 1-2 The knowledge-to-action process. Adapted from “Lost in knowledge translation: Time for a 

map?”, by I.D. Graham, J. Logan, M. B. Harrison, S. E. Straus, J. Tetroe, W. Caswell, and N. Robinson. 

Journal of Continuing Education in the Health Professions, 26, p. 13-24. Copyright permission provided by 

Walter Kluwers Health, inc.  



21 

 

These steps have also been adapted in other frameworks aimed at translating stakeholder 

feedback and known issues into action plans, such as the systematic approach to developing 

an action plan in a health system quality improvement context by the Canadian Institute 

for Health Information (2017). This involves the following steps: identification of an 

existing real-world problem and determining the “know-do” gap between knowledge of 

best practices and actual current practice.  Options for problem identification and gap 

determination can include reviews of evidence and literature, seeking clinician input, and 

seeking patient experiences (Registered Nurses’ Association of Ontario, 2022). Next, 

researchers engage in selecting and adapting relevant knowledge to the context of focus, 

implementing the knowledge to develop a solution that addresses the know-do gap. This 

involves recognition of which parts of the acquired knowledge can be adapted for use in 

addressing the know-do gap, followed by identification of the stakeholders who will be 

influenced from this new application of knowledge (such as end-users) (Health Canada, 

2017).  The following step of the integrated knowledge translation process includes 

assessing barriers to implementation and feasibility (I. D. Graham et al., 2006). Assessing 

barriers to implementation is also recommended in the development of an action plan for 

implementation of patient-centered care solutions (Canadian Institute for Health 

Information, 2017). This is often achieved through stakeholder involvement such as via 

surveys or focus groups (Glista et al., 2014). After identifying barriers to implementation, 

consideration must be given to addressing these barriers:  This can be achieved by tailoring 

the implemented solution with these in mind (Moodie et al., 2011). Later stages of the cycle 

include monitoring the use of the developed solution and the resulting outcomes, and taking 

steps to sustain its use. Novel issues may be identified in the final sustaining phase, leading 
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to a repetition of the cyclical action component (I. D. Graham et al., 2006). The application 

of specific components of the knowledge-to-action cycle in each chapter is summarized 

below. 

1.9 Summary of chapters 

The series of studies described in the upcoming chapters were designed to assess the 

outcomes and consumer preferences for differences between commercially available entry-

level and premium hearing aids product profiles. In the first two chapters, the problem of 

patient preference for technology levels in hearing aids was explored. Specifically, we 

assessed the differences in behavioral outcome measures between these different 

technology levels, using laboratory measures (Chapter 2) to ensure that both technology 

levels had been fitted to provide appropriate patient outcomes, and to explore any lab-

measured differences in benefit. Participant preference for the entry-level or premium 

hearing aids was also measured after a 3-week trial (Chapter 2) and, using a concept 

mapping process, the underlying drivers of the preference choices were assessed (Chapter 

3). This resulted in a conceptual map delineating the different hearing aid features affecting 

preference between entry-level and premium hearing aids. The studies in Chapters 2 and 3 

belong to the knowledge creation (“funnel”) stage, with the results adding to the overall 

available knowledge about hearing aid preference and differences between technology 

levels in hearing aids.  Furthermore, the concept map contains factors of patient preference 

that are not assessed in clinically available, validated assessments for use during 

technology selection (summarized in Chapter 4). This potential “know-do” gap suggests 

that there may be a lack of evidence-based tools appropriately addressing this need in the 

selection process, beginning the process of the action cycle at the problem identification 
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stage. Chapter 4 describes the next 3 steps in the action cycle, adapting knowledge to the 

local context, assessing barriers to use, and tailoring the solutions to the barriers. The data 

gathered in the concept mapping process (specifically, during the brainstorming and sorting 

activities) were adapted to create a clinically valid pre-fitting survey tool and, using a focus 

group process, the barriers and facilitators to use were identified and used to tailor the tool 

appropriately. Furthermore, the initial validation of this tool was described. These chapters 

address some, but not all, components of the knowledge to action process, leaving future 

directions that are discussed in Chapter 5. 

1.10 References 

 

Abbad, R. (2014). Investigation The Weather Effects on The Sound Absorption 

Coefficients in Cinjar City. Journal of Advances in Physics, 4(1), 291–297. 

https://doi.org/10.24297/jap.v4i1.2045 

Appleton, J., & König, G. (2014). Improvement in speech intelligibility and subjective 

benefit with binaural beamformer technology. Hearing Review, 21(10). 

Ahmadi, R., Jalilvand, H., Mahdavi, M. E., Ahmadi, F., & Baghban, A. R. A. (2018). The 

Effects of Hearing Aid Digital Noise Reduction and Directionality on Acceptable 

Noise Level. Clinical and Experimental Otorhinolaryngology, 11(4), 267–274. 

https://doi.org/10.21053/ceo.2018.00052 

Au, A., Blakeley, J. M., Dowell, R. C., & Rance, G. (2019). Wireless binaural hearing aid 

technology for telephone use and listening in wind noise. International Journal of 

Audiology, 58(4), 193–199. https://doi.org/10.1080/14992027.2018.1538573 

Audiology Practice Standards Organization. (2021). Hearing Aid Fitting Standard For 

Adult & Geriatric Patients. 

Bentler, R. A. (2005). Effectiveness of Directional Microphones and Noise Reduction 

Schemes in Hearing Aids: A Systematic Review of the Evidence. Journal of the 

American Academy of Audiology, 16(07), 473–484. 

https://doi.org/10.3766/jaaa.16.7.7 



24 

 

Bentler, R. A., Palmer, C., & Dittberner, A. B. (2004). Hearing-in-Noise: Comparison of 

Listeners with Normal and (Aided) Impaired Hearing. Journal of the American 

Academy of Audiology, 15(03), 216–225. https://doi.org/10.3766/jaaa.15.3.4 

Bentler, R., & Chiou, L.-K. (2006). Digital Noise Reduction: An Overview. Trends in 

Amplification, 10(2), 67–82. https://doi.org/10.1177/1084713806289514 

Bentler, R., Palmer, C., & Mueller, G. H. (2006). Evaluation of a Second-Order 

Directional Microphone Hearing Aid: I. Speech Perception Outcomes. Journal of 

the American Academy of Audiology, 17(03), 179–189. 

https://doi.org/10.3766/jaaa.17.3.4 

Bentler, R., Wu, Y.-H., Kettel, J., & Hurtig, R. (2008). Digital noise reduction: Outcomes 

from laboratory and field studies. International Journal of Audiology, 47(8), 447–

460. https://doi.org/10.1080/14992020802033091 

Bhowmik, A. K., Fabry, D. A., Armour, P., Berghel, H., Charette, R. N., & King, J. L. 

(2021). Hear, Now, and in the Future: Transforming Hearing Aids Into 

Multipurpose Devices. Computer, 54(11), 108–120. 

https://doi.org/10.1109/MC.2021.3105151 

Booij, J. C., Zegers, M., Evers, P. M., Hendriks, M., Delnoij, D. M., & Rademakers, J. J. 

(2013). Improving cancer patient care: Development of a generic cancer 

consumer quality index questionnaire for cancer patients. BMC Cancer, 13(1), 

203. https://doi.org/10.1186/1471-2407-13-203 

Bratzke, L. C., Muehrer, R. J., Kehl, K. A., Lee, K. S., Ward, E. C., & Kwekkeboom, K. 

L. (2015). Self-management priority setting and decision-making in adults with 

multimorbidity: A narrative review of literature. International Journal of Nursing 

Studies, 52(3), 744–755. https://doi.org/10.1016/j.ijnurstu.2014.10.010 

Bregman, A. S. (1994). Auditory scene analysis: The perceptual organization of sound. 

MIT Press. 

Brennan, P. F., & Strombom, I. (1998). Improving Health Care by Understanding Patient 

Preferences: The Role of Computer Technology. Journal of the American 

Medical Informatics Association, 5(3), 257–262. 

https://doi.org/10.1136/jamia.1998.0050257 

Bridges, J. F. P., Lataille, A. T., Buttorff, C., White, S., & Niparko, J. K. (2012). 

Consumer Preferences for Hearing Aid Attributes: A Comparison of Rating and 

Conjoint Analysis Methods. Trends in Amplification, 16(1), 40–48. 

https://doi.org/10.1177/1084713811434617 

Brons, I., Houben, R., & Dreschler, W. A. (2014). Effects of Noise Reduction on Speech 

Intelligibility, Perceived Listening Effort, and Personal Preference in Hearing-

Impaired Listeners. Trends in Hearing, 18, 10. 



25 

 

Brown, C. S., Emmett, S. D., Robler, S. K., & Tucci, D. L. (2018). Global Hearing Loss 

Prevention. Otolaryngologic Clinics of North America, 51(3), 575–592. 

https://doi.org/10.1016/j.otc.2018.01.006 

Büchler, M. (2001). How Good Are Automatic Program Selection Features ? Hearing 

Review, 8(9), 50–55. 

Canadian Institute for Health Information. (2017). Patient-Centred Measurement Peer 

Learning Day: Translating Patient-Centred Measurement Into Action. 

Chisolm, T. H., Johnson, C. E., Danhauer, J. L., Portz, L. J. P., Abrams, H. B., Lesner, S., 

McCarthy, P. A., & Newman, C. W. (2007). A Systematic Review of Health-

Related Quality of Life and Hearing Aids: Final Report of the American Academy 

of Audiology Task Force on the Health-Related Quality of Life Benefits of 

Amplification in Adults. Journal of the American Academy of Audiology, 18(2), 

151–183. https://doi.org/10.3766/jaaa.18.2.7 

Chong, F. Y., & Jenstad, L. M. (2018). A critical review of hearing-aid single-

microphone noise-reduction studies in adults and children. Disability and 

Rehabilitation: Assistive Technology, 13(6), 600–608. 

https://doi.org/10.1080/17483107.2017.1392619 

Chung, K. (2004). Challenges and Recent Developments in Hearing Aids: Part I. Speech 

Understanding in Noise, Microphone Technologies and Noise Reduction 

Algorithms. Trends in Amplification, 8(3), 83–124. 

https://doi.org/10.1177/108471380400800302 

Cord, M. T., Surr, R. K., Walden, B. E., & Dyrlund, O. (2004). Relationship between 

Laboratory Measures of Directional Advantage and Everyday Success with 

Directional Microphone Hearing Aids. Journal of the American Academy of 

Audiology, 15(05), 353–364. https://doi.org/10.3766/jaaa.15.5.3 

Cord, M. T., Surr, R. K., Walden, B. E., & Olson, L. (2002). Performance of Directional 

Microphone Hearing Aids in Everyday Life. Journal of the American Academy of 

Audiology, 13(06), 295–307. https://doi.org/10.1055/s-0040-1715973 

Cox, R. M. (1997). Administration and application of the APHAB. The Hearing Journal, 

50(4), 32–35. 

Cox, R. M., & Alexander, G. C. (1991). Hearing Aid Benefit in Everyday Environments: 

Ear and Hearing, 12(2), 127–139. https://doi.org/10.1097/00003446-199104000-

00009 

Cox, R. M., & Alexander, G. C. (1999). Measuring satisfaction with amplification in 

daily life: The SADL scale. Ear and Hearing, 20(4), 306–320. 

Cox, R. M., & Alexander, G. C. (2002). The International Outcome Inventory for 

Hearing Aids (IOI-HA): Psychometric properties of the English version: El 



26 

 

Inventario International de Resultados para Auxiliares Auditivos (IOI-HA): 

propiedades psicometricas de la version en ingles. International Journal of 

Audiology, 41(1), 30–35. https://doi.org/10.3109/14992020209101309 

Cox, R. M., & Gilmore, C. (1990). Development of the Profile of Hearing Aid 

Performance (PHAP). Journal of Speech, Language, and Hearing Research, 

33(2), 343–357. https://doi.org/10.1044/jshr.3302.343 

Cox, R. M., Johnson, J. A., & Xu, J. (2014). Impact of Advanced Hearing Aid 

Technology on Speech Understanding for Older Listeners with Mild to Moderate, 

Adult-Onset, Sensorineural Hearing Loss. Gerontology, 60(6), 557–568. 

https://doi.org/10.1159/000362547 

Cox, R. M., Johnson, J. A., & Xu, J. (2016). Impact of Hearing Aid Technology on 

Outcomes in Daily Life I: The Patients’ Perspective. Ear and Hearing, 37(4), 

e224–e237. https://doi.org/10.1097/AUD.0000000000000277 

Cox, R. M., Schwartz, K. S., Noe, C. M., & Alexander, G. C. (2011). Preference for One 

or Two Hearing Aids Among Adult Patients: Ear and Hearing, 32(2), 181–197. 

https://doi.org/10.1097/AUD.0b013e3181f8bf6c 

Crukley, J., & Scollie, S. D. (2014). The Effects of Digital Signal Processing Features on 

Children’s Speech Recognition and Loudness Perception. American Journal of 

Audiology, 23(1), 99–115. https://doi.org/10.1044/1059-0889(2013/13-0024) 

Dahlquist, M., Larsson, J., Hertzman, S., Wolters, F., & Smeds, K. (2015). Predicting 

individual hearing-aid preference in the field using laboratory paired comparisons. 

Proceedings of the International Symposium on Auditory and Audiological 

Research, 5, 261–268. 

de Graaff, F., Huysmans, E., Ket, J. C. F., Merkus, P., Goverts, S. T., Leemans, C. R., & 

Smits, C. (2018). Is there evidence for the added value and correct use of manual 

and automatically switching multimemory hearing devices? A scoping review. 

International Journal of Audiology, 57(3), 176–183. 

https://doi.org/10.1080/14992027.2017.1385864 

Desjardins, J. L., & Doherty, K. A. (2009). Do Experienced Hearing Aid Users Know 

How to Use Their Hearing Aids Correctly? American Journal of Audiology, 

18(1), 69–76. https://doi.org/10.1044/1059-0889(2009/08-0022) 

Desjardins, J. L., & Doherty, K. A. (2014). The Effect of Hearing Aid Noise Reduction 

on Listening Effort in Hearing-Impaired Adults: Ear and Hearing, 35(6), 600–

610. https://doi.org/10.1097/AUD.0000000000000028 

DiGiovanni, J. J., Davlin, E. A., & Nagaraj, N. K. (2011). Effects of Transient Noise 

Reduction Algorithms on Speech Intelligibility and Ratings of Hearing Aid Users. 

American Journal of Audiology, 20(2), 140–150. https://doi.org/10.1044/1059-

0889(2011/10-0007) 



27 

 

Dillman, D. A., Smyth, J. D., & Christian, L. M. (2014). Internet, phone, mail, and 

mixed-mode surveys: The tailored design method. John Wiley & Sons. 

Dillon, H. (2012). Hearing Aids. Thieme. 

Dillon, H., Jamest, A., & Ginis, J. (1997). Client Oriented Scale of Improvement (COSI) 

and Its Relationship to Several Other Measures of Benefit and Satisfaction 

Provided by Hearing Aids. Journal-American Academy of Audiology, 8, 27–43. 

Edwards, B. (2007). The Future of Hearing Aid Technology. Trends in Amplification, 

11(1), 31–45. https://doi.org/10.1177/1084713806298004 

Edwards, B. (2020). Emerging Technologies, Market Segments, and MarkeTrak 10 

Insights in Hearing Health Technology. Seminars in Hearing, 41(01), 037–054. 

https://doi.org/10.1055/s-0040-1701244 

Ekman, I., Swedberg, K., Taft, C., Lindseth, A., Norberg, A., Brink, E., Carlsson, J., 

Dahlin-Ivanoff, S., Johansson, I.-L., Kjellgren, K., Lidén, E., Öhlén, J., Olsson, 

L.-E., Rosén, H., Rydmark, M., & Sunnerhagen, K. S. (2011). Person-Centered 

Care—Ready for Prime Time. European Journal of Cardiovascular Nursing, 

10(4), 248–251. https://doi.org/10.1016/j.ejcnurse.2011.06.008 

Feder, K., Michaud, D., Ramage-Morin, P., McNamee, J., & Beauregard, Y. (2015). 

Prevalence of hearing loss among Canadians aged 20 to 79: Audiometric results 

from the 2012/2013 Canadian Health Measures Survey. Statistics Canada, 11. 

Ferguson, M. A., Kitterick, P. T., Chong, L. Y., Edmondson-Jones, M., Barker, F., & 

Hoare, D. J. (2017). Hearing aids for mild to moderate hearing loss in adults. 

Cochrane Database of Systematic Reviews, 2017(9). 

https://doi.org/10.1002/14651858.CD012023.pub2 

Festen, J. M., & Plomp, R. (1986). Speech‐reception threshold in noise with one and two 

hearing aids. The Journal of the Acoustical Society of America, 79(2), 465–471. 

https://doi.org/10.1121/1.393534 

Gabriel, B. (2002). Study measures user benefit of two modern hearing aid features: The 

Hearing Journal, 55(5), 46. https://doi.org/10.1097/01.HJ.0000294661.10262.aa 

Gatehouse, S. (1999). Glasgow Hearing Aid Benefit Profile: Derivation and Validation of 

a Client-Centered Outcome Measure for Hearing Aid Services. Journal of the 

American Academy of Audiology, 10(2), 24. 

Gatehouse, S. (2002). Electronic aids to hearing. British Medical Bulletin, 63(1), 147–

156. https://doi.org/10.1093/bmb/63.1.147 

Gatehouse, S., Naylor, G., & Elberling, C. (2006). Linear and nonlinear hearing aid 

fittings – 1. Patterns of benefit: Adaptación de auxiliares auditivos lineales y no 



28 

 

lineales – 1. Patrones de beneficio. International Journal of Audiology, 45(3), 

130–152. https://doi.org/10.1080/14992020500429518 

Glista, D., Scollie, S., Moodie, S., Easwar, V., & The Network of Pediatric Audiologists 

of Canada. (2014). The Ling 6(HL) Test: Typical Pediatric Performance Data and 

Clinical Use Evaluation. Journal of the American Academy of Audiology, 25(10), 

1008–1021. https://doi.org/10.3766/jaaa.25.10.9 

Gnewikow, D., Ricketts, T., Bratt, G. W., & Mutchler, L. C. (2009). Real-world benefit 

from directional microphone hearing aids. The Journal of Rehabilitation Research 

and Development, 46(5), 603. https://doi.org/10.1682/JRRD.2007.03.0052 

Graham, I. D., Logan, J., Harrison, M. B., Straus, S. E., Tetroe, J., Caswell, W., & 

Robinson, N. (2006). Lost in knowledge translation: Time for a map? Journal of 

Continuing Education in the Health Professions, 26(1), 13–24. 

https://doi.org/10.1002/chp.47 

Hamacher, V., Chalupper, J., Eggers, J., Fischer, E., Kornagel, U., Puder, H., & Rass, U. 

(2005). Signal Processing in High-End Hearing Aids: State of the Art, Challenges, 

and Future Trends. EURASIP Journal on Advances in Signal Processing, 

2005(18), 152674. https://doi.org/10.1155/ASP.2005.2915 

Hao, Y., Cheng, S., Chen, Y., & Ruan, L. (2021). A neural network based noise 

suppression method for transient noise control with low-complexity computation. 

INTER-NOISE and NOISE-CON Congress and Conference Proceedings, 263(1), 

5902–5909. 

Health Canada. (2017). Knowledge Translation Planner. 

https://www.canada.ca/en/health-canada/corporate/about-health-canada/reports-

publications/grants-contributions/knowledge-transfer-planner.html 

Humes, L. E., Rogers, S. E., Main, A. K., & Kinney, D. L. (2018). The Acoustic 

Environments in Which Older Adults Wear Their Hearing Aids: Insights From 

Datalogging Sound Environment Classification. American Journal of Audiology, 

27(4), 594–603. https://doi.org/10.1044/2018_AJA-18-0061 

Jaarsma, T., Klompstra, L., Ski, C. F., & Thompson, D. R. (2018). Preference-based care 

and research. European Journal of Cardiovascular Nursing, 17(1), 4–5. 

https://doi.org/10.1177/1474515117714349 

Jacobson, G. P., Newman’, C. W., Fabryt, D. A., & Sandridget, S. A. (2001). 

Development of the Three-Clinic Hearing Aid Selection Profile (HASP). Journal 

of the American Academy of Audiology, 12(3), 14. 

Jenstad, L. M., Bagatto, M. P., Seewald, R. C., Scollie, S. D., Cornelisse, L. E., & 

Scicluna, R. (2007). Evaluation of the Desired Sensation Level [Input/Output] 

Algorithm for Adults with Hearing Loss: The Acceptable Range for Amplified 



29 

 

Conversational Speech: Ear and Hearing, 28(6), 793–811. 

https://doi.org/10.1097/AUD.0b013e318157670a 

Johnson, C. E., Danhauer, J. L., Ellis, B. B., & Jilla, A. M. (2016). Hearing Aid Benefit 

in Patients with Mild Sensorineural Hearing Loss: A Systematic Review. Journal 

of the American Academy of Audiology, 27(04), 293–310. 

https://doi.org/10.3766/jaaa.14076 

Johnson, J. A., Xu, J., & Cox, R. M. (2016). Impact of Hearing Aid Technology on 

Outcomes in Daily Life II: Speech Understanding and Listening Effort. Ear and 

Hearing, 37(5), 529–540. https://doi.org/10.1097/AUD.0000000000000327 

Jorgensen, L., & Novak, M. (2020). Factors influencing hearing aid adoption. Seminars 

in Hearing, 41(1), 6–20. 

Kaiser, K., Yount, S. E., Martens, C. E., Webster, K. A., Shaunfield, S., Sparling, A., 

Peipert, J. D., Cella, D., Rottinghaus, S. T., Donato, B. M., Wells, R., & Tomazos, 

I. (2020). Assessing Preferences for Rare Disease Treatment: Qualitative 

Development of the Paroxysmal Nocturnal Hemoglobinuria Patient Preference 

Questionnaire (PNH-PPQ©). Patient Preference and Adherence, Volume 14, 

705–715. https://doi.org/10.2147/PPA.S233830 

Kaplan-Neeman, R., Muchnik, C., Hildesheimer, M., & Henkin, Y. (2012). Hearing aid 

satisfaction and use in the advanced digital era. The Laryngoscope, 122(9), 2029–

2036. https://doi.org/10.1002/lary.23404 

Kates, J. M. (1995). Classification of background noises for hearing‐aid applications. The 

Journal of the Acoustical Society of America, 97(1), 461–470. 

https://doi.org/10.1121/1.412274 

Keidser, G. (1996). Selecting Different Amplification for Different Listening Conditions. 

Journal of the American Academy of Audiology, 7, 92–104. 

Keidser, G., Brew, C., Brewer, S., Dillon, H., Grant, F., & Storey, L. (2005). The 

preferred response slopes and two-channel compression ratios in twenty listening 

conditions by hearing-impaired and normal-hearing listeners and their relationship 

to the acoustic input: La pendiente preferida de respuesta y las relaciones de 

compresión en dos canales en veinte condiciones de escucha con hipoacúsicos y 

en sujetos normales y su relación con el ingreso acústico. International Journal of 

Audiology, 44(11), 656–670. https://doi.org/10.1080/14992020500266803 

Keidser, G., Convery, J., Kiessling, J., & Bentler, R. (2009). Is the hearing instrument to 

blame when things get really noisy? Hearing Review, 16(8), 12–19. 

Keidser, G., Dillon, H., Dyrlund, O., Carter, L., & Hartley, D. (2007). Preferred Low- 

and High-Frequency Compression Ratios among Hearing Aid Users with 

Moderately Severe to Profound Hearing Loss. Journal of the American Academy 

of Audiology, 18(01), 017–033. https://doi.org/10.3766/jaaa.18.1.3 



30 

 

Keidser, G., Dillon, H. R., Flax, M., Ching, T., & Brewer, S. (2011). The NAL-NL2 

prescription procedure. Audiology Research, 1(1S), e24. 

https://doi.org/10.4081/audiores.2011.e24 

Keshavarzi, M., Goehring, T., Zakis, J., Turner, R. E., & Moore, B. C. J. (2018). Use of a 

Deep Recurrent Neural Network to Reduce Wind Noise: Effects on Judged 

Speech Intelligibility and Sound Quality. Trends in Hearing, 22, 

233121651877096. https://doi.org/10.1177/2331216518770964 

Keshavarzi, M., Reichenbach, T., & Moore, B. C. J. (2021). Transient Noise Reduction 

Using a Deep Recurrent Neural Network: Effects on Subjective Speech 

Intelligibility and Listening Comfort. Trends in Hearing, 25, 233121652110414. 

https://doi.org/10.1177/23312165211041475 

Kochkin, S. (2005). MarkeTrak VII: Customer satisfaction with hearing instruments in 

the digital age. The Hearing Journal, 58(9), 30. 

https://doi.org/10.1097/01.HJ.0000286545.33961.e7 

Kochkin, S. (2007). Increasing hearing aid adoption through multiple environmental 

listening utility: The Hearing Journal, 60(11), 28–31. 

https://doi.org/10.1097/01.HJ.0000299169.03743.33 

Kochkin, S. (2010). MarkeTrak VIII Patients report improved quality of life with hearing 

aid usage. The Hearing Journal, 64(6), 25–26. 

Kollmeier, B., & Kiessling, J. (2018). Functionality of hearing aids: State-of-the-art and 

future model-based solutions. International Journal of Audiology, 57(sup3), S3–

S28. https://doi.org/10.1080/14992027.2016.1256504 

Korhonen, P., Kuk, F., Lau, C., Keenan, D., Schumacher, J., & Nielsen, J. (2013). Effects 

of a Transient Noise Reduction Algorithm on Speech Understanding, Subjective 

Preference, and Preferred Gain. Journal of the American Academy of Audiology, 

24(09), 845–858. https://doi.org/10.3766/jaaa.24.9.8 

Korhonen, P., Kuk, F., Seper, E., Mørkebjerg, M., & Roikjer, M. (2017). Evaluation of a 

Wind Noise Attenuation Algorithm on Subjective Annoyance and Speech-in-

Wind Performance. Journal of the American Academy of Audiology, 28(01), 046–

057. https://doi.org/10.3766/jaaa.15135 

Lansbergen, S., & Dreschler, W. A. (2020). Classification of Hearing Aids Into Feature 

Profiles Using Hierarchical Latent Class Analysis Applied to a Large Dataset of 

Hearing Aids. Ear & Hearing, Publish Ahead of Print. 

https://doi.org/10.1097/AUD.0000000000000877 

Leplege, A., Gzil, F., Cammelli, M., Lefeve, C., Pachoud, B., & Ville, I. (2007). Person-

centredness: Conceptual and historical perspectives. Disability and 

Rehabilitation, 29(20–21), 1555–1565. 

https://doi.org/10.1080/09638280701618661 



31 

 

Lesica, N. A. (2018). Why Do Hearing Aids Fail to Restore Normal Auditory 

Perception? Trends in Neurosciences, 41(4), 174–185. 

https://doi.org/10.1016/j.tins.2018.01.008 

Lewis, T. L., Boissaud-Cooke, M. A., Aungst, T. D., & Eysenbach, G. (2014). Consensus 

on Use of the Term “App” Versus “Application” for Reporting of mHealth 

Research. Journal of Medical Internet Research, 16(7). 

https://doi.org/10.2196/jmir.3460 

Lin, F. R., Thorpe, R., Gordon-Salant, S., & Ferrucci, L. (2011). Hearing Loss Prevalence 

and Risk Factors Among Older Adults in the United States. The Journals of 

Gerontology Series A: Biological Sciences and Medical Sciences, 66A(5), 582–

590. https://doi.org/10.1093/gerona/glr002 

Lin, P., Campbell, D. G., Chaney, E. F., Liu, C.-F., Heagerty, P., Felker, B. L., & 

Hedrick, S. C. (2005). The influence of patient preference on depression treatment 

in primary care. Annals of Behavioral Medicine, 30(2), 164–173. 

https://doi.org/10.1207/s15324796abm3002_9 

Liu, H., Zhang, H., Bentler, R. A., Han, D., & Zhang, L. (2012). Evaluation of a 

Transient Noise Reduction Strategy for Hearing Aids. Journal of the American 

Academy of Audiology, 23(08), 606–615. https://doi.org/10.3766/jaaa.23.8.4 

Lunner, T. (1997). A digital filterbank hearing aid: Three digital signal processing 

algorithms-User preference and performance. Ear and Hearing, 18(5), 373–387. 

Manchaiah, V., Picou, E. M., Bailey, A., & Rodrigo, H. (2021). Consumer Ratings of the 

Most Desirable Hearing Aid Attributes. Journal of the American Academy of 

Audiology, 32(08), 537–546. https://doi.org/10.1055/s-0041-1732442 

Marshall, D. A., Gonzalez, J. M., MacDonald, K. V., & Johnson, F. R. (2017). Estimating 

Preferences for Complex Health Technologies: Lessons Learned and Implications 

for Personalized Medicine. Value in Health, 20(1), 32–39. 

https://doi.org/10.1016/j.jval.2016.08.737 

May, T., Kowalewski, B., & Dau, T. (2018). Signal-to-Noise-Ratio-Aware Dynamic 

Range Compression in Hearing Aids. Trends in Hearing, 22, 233121651879090. 

https://doi.org/10.1177/2331216518790903 

McCreery, R. W., Venediktov, R. A., Coleman, J. J., & Leech, H. M. (2012). An 

Evidence-Based Systematic Review of Directional Microphones and Digital 

Noise Reduction Hearing Aids in School-Age Children With Hearing Loss. 

American Journal of Audiology, 21(2), 295–312. https://doi.org/10.1044/1059-

0889(2012/12-0014) 

Meister, H., Lausberg, I., Walger, M., & von Wedel, H. (2001). Using Conjoint Analysis 

to Examine the Importance of Hearing Aid Attributes: Ear and Hearing, 22(2), 

142–150. https://doi.org/10.1097/00003446-200104000-00007 



32 

 

Meyer, C., & Hickson, L. (2012). What factors influence help-seeking for hearing 

impairment and hearing aid adoption in older adults? International Journal of 

Audiology, 51(2), 66–74. https://doi.org/10.3109/14992027.2011.611178 

Moodie, S. T., Bagatto, M. P., Miller, L. T., Kothari, A., Seewald, R., & Scollie, S. D. 

(2011). An Integrated Knowledge Translation Experience: Use of the Network of 

Pediatric Audiologists of Canada to Facilitate the Development of the University 

of Western Ontario Pediatric Audiological Monitoring Protocol (UWO PedAMP 

v1.0). Trends in Amplification, 15(1), 34–56. 

https://doi.org/10.1177/1084713811417634 

Moore, B., Füllgrabe, C., & Stone, M. A. (2011). Determination of Preferred Parameters 

for Multichannel Compression Using Individually Fitted Simulated Hearing Aids 

and Paired Comparisons. Ear & Hearing, 32(5), 556–568. 

https://doi.org/10.1097/AUD.0b013e31820b5f4c 

Moore, S. M., & Kramer, F. M. (1996). Women’s and men’s preferences for cardiac 

rehabilitation program features. Journal of Cardiopulmonary Rehabilitation and 

Prevention, 16(3), 163–168. 

Mueller, H. G., Weber, J., & Hornsby, B. W. Y. (2006). The Effects of Digital Noise 

Reduction on the Acceptance of Background Noise. Trends in Amplification, 

10(2), 83–93. https://doi.org/10.1177/1084713806289553 

Mulley, A. G., Trimble, C., & Elwyn, G. (2012). Stop the silent misdiagnosis: Patients’ 

preferences matter. BMJ, 345(nov07 6), e6572–e6572. 

https://doi.org/10.1136/bmj.e6572 

Mylanus, E. A. M., van der Pouw, K. C. T. M., Snik, A. F. M., & Cremers, C. W. R. J. 

(1998). Intraindividual Comparison of the Bone-Anchored Hearing Aid and Air-

Conduction Hearing Aids. Archives of Otolaryngology–Head & Neck Surgery, 

124(3), 271. https://doi.org/10.1001/archotol.124.3.271 

Neher, T. (2014). Relating hearing loss and executive functions to hearing aid users’ 

preference for, and speech recognition with, different combinations of binaural 

noise reduction and microphone directionality. Frontiers in Neuroscience, 8. 

https://doi.org/10.3389/fnins.2014.00391 

Olson, L., Ioannou, M., & Trine, T. D. (2004). Appraising an automatically switching 

directional system in the real world: The Hearing Journal, 57(6), 32. 

https://doi.org/10.1097/01.HJ.0000292454.76632.90 

Park, M. S., Kang, K. J., Jang, S. J., Lee, J. Y., & Chang, S. J. (2018). Evaluating test-

retest reliability in patient-reported outcome measures for older people: A 

systematic review. International Journal of Nursing Studies, 79, 58–69. 

https://doi.org/10.1016/j.ijnurstu.2017.11.003 



33 

 

Picou, E. M. (2020). MarkeTrak 10 (MT10) Survey Results Demonstrate High 

Satisfaction with and Benefits from Hearing Aids. Seminars in Hearing, 41(1), 

21–36. 

Picou, E. M., Ricketts, T. A., & Hornsby, B. W. Y. (2013). How Hearing Aids, 

Background Noise, and Visual Cues Influence Objective Listening Effort. Ear & 

Hearing, 34(5), e52–e64. https://doi.org/10.1097/AUD.0b013e31827f0431 

Picou, E. M., Moore, T. M., & Ricketts, T. A. (2017). The Effects of Directional 

Processing on Objective and Subjective Listening Effort. Journal of Speech, 

Language, and Hearing Research, 60(1), 199–211. 

https://doi.org/10.1044/2016_JSLHR-H-15-0416 

Picou, E. M., & Ricketts, T. A. (2018). The relationship between speech recognition, 

behavioural listening effort, and subjective ratings. International Journal of 

Audiology, 57(6), 457–467. https://doi.org/10.1080/14992027.2018.1431696 

Picou, E. M., & Ricketts, T. A. (2019). An Evaluation of Hearing Aid Beamforming 

Microphone Arrays in a Noisy Laboratory Setting. Journal of the American 

Academy of Audiology, 30(02), 131–144. https://doi.org/10.3766/jaaa.17090 

Pittman, A. L., & Hiipakka, M. M. (2013). Hearing Impaired Children’s Preference for, 

and Performance with, Four Combinations of Directional Microphone and Digital 

Noise Reduction Technology. Journal of the American Academy of Audiology, 

24(09), 832–844. https://doi.org/10.3766/jaaa.24.9.7 

Pittman, A. L., Stewart, E. C., Willman, A. P., & Odgear, I. S. (2017). Word Recognition 

and Learning: Effects of Hearing Loss and Amplification Feature. Trends in 

Hearing, 21, 2331216517709597. https://doi.org/10.1177/2331216517709597 

Poost-Foroosh, L., Jennings, M. B., Shaw, L., Meston, C. N., & Cheesman, M. F. (2011). 

Factors in Client–Clinician Interaction That Influence Hearing Aid Adoption. 

Trends in Amplification, 15(3), 127–139. 

https://doi.org/10.1177/1084713811430217 

Popelka, G. R., Moore, B. C. J., Fay, R. R., & Popper, A. N. (Eds.). (2016). Hearing Aids 

(Vol. 56). Springer International Publishing. https://doi.org/10.1007/978-3-319-

33036-5 

Rahme, M., Folkeard, P., & Scollie, S. (2021). Evaluating the Accuracy of Step Tracking 

and Fall Detection in the Starkey Livio Artificial Intelligence Hearing Aids: A 

Pilot Study. American Journal of Audiology, 30(1), 182–189. 

https://doi.org/10.1044/2020_AJA-20-00105 

Registered Nurses’ Association of Ontario. (2022). More about the phase “Identify the 

Problem” [Rnao.ca]. https://rnao.ca/leading-change-toolkit/more-about-the-

phase-identify-the-problem 



34 

 

Ricketts, T. A., Bentler, R., & Mueller, G. H. (2017). Essentials of modern hearing aids: 

Selection, fitting, and verification. Plural Publishing. 

Ricketts, T. A., & Hornsby, B. W. Y. (2005). Sound Quality Measures for Speech in 

Noise through a Commercial Hearing Aid Implementing “Digital Noise 

Reduction.” Journal of the American Academy of Audiology, 16(05), 270–277. 

https://doi.org/10.3766/jaaa.16.5.2 

Ricketts, T. A. (2005). Directional hearing aids: Then and now. The Journal of 

Rehabilitation Research and Development, 42(4s), 113. 

https://doi.org/10.1682/JRRD.2005.04.0069 

Ricketts, T. A., & Bentler, R. A. (1992). Comparison of two digitally programmable 

hearing aids.  Journal of the American Academy of Audiology, 3(2), 101-112Ross, 

F. (2020). Hearing Aid Accompanying Smartphone Apps in Hearing Healthcare. 

A Systematic Review. Applied Medical Informatics., 42(4), 189–199. 

Saleh, H. K., Folkeard, P., Van Eeckhoutte, M., & Scollie, S. (2021). Premium versus 

entry-level hearing aids: Using group concept mapping to investigate the drivers 

of preference. International Journal of Audiology, 1–15. 

https://doi.org/10.1080/14992027.2021.2009923 

Sandridge, S. A., & Newman, C. W. (2006). Improving the efficiency and accountability 

of the hearing aid selection process: Use of the COAT. Audiology Online, Article 

1541. 

Sarampalis, A., Kalluri, S., Edwards, B., & Hafter, E. (2009). Objective Measures of 

Listening Effort: Effects of Background Noise and Noise Reduction. Journal of 

Speech, Language, and Hearing Research, 52(5), 1230–1240. 

https://doi.org/10.1044/1092-4388(2009/08-0111) 

Schweitzer, C. (1997). Development of Digital Hearing Aids. Trends in Amplification, 

2(2), 41–77. https://doi.org/10.1177/108471389700200202 

Searchfield, G. D., Linford, T., Kobayashi, K., Crowhen, D., & Latzel, M. (2018). The 

performance of an automatic acoustic-based program classifier compared to 

hearing aid users’ manual selection of listening programs. International Journal 

of Audiology, 57(3), 201–212. https://doi.org/10.1080/14992027.2017.1392048 

Singh, G., Liskovoi, L., Launer, S., & Russo, F. (2019). The Emotional Communication 

in Hearing Questionnaire (EMO-CHeQ): Development and Evaluation. Ear and 

Hearing, 40(2), 260–271. https://doi.org/10.1097/AUD.0000000000000611 

Smeds, K., Keidser, G., Zakis, J., Dillon, H., Leijon, A., Grant, F., Convery, E., & Brew, 

C. (2006a). Preferred overall loudness. I: Sound field presentation in the 

laboratory: Intensidad subjetiva global preferida. I: presentación en campo libre 

en el laboratorio. International Journal of Audiology, 45(1), 2–11. 

https://doi.org/10.1080/14992020500190144 



35 

 

Smeds, K., Keidser, G., Zakis, J., Dillon, H., Leijon, A., Grant, F., Convery, E., & Brew, 

C. (2006b). Preferred overall loudness. II: Listening through hearing aids in field 

and laboratory tests: Intensidad subjetiva global preferida. II: Escuchando con 

auxiliares auditivos en campo libre y (EN) pruebas de laboratorio. International 

Journal of Audiology, 45(1), 12–25. https://doi.org/10.1080/14992020500190177 

Søgaard Jensen, N., Hau, O., Bagger Nielsen, J. B., Bundgaard Nielsen, T., & Vase 

Legarth, S. (2019). Perceptual Effects of Adjusting Hearing-Aid Gain by Means 

of a Machine-Learning Approach Based on Individual User Preference. Trends in 

Hearing, 23, 233121651984741. https://doi.org/10.1177/2331216519847413 

Solheim, J., & Hickson, L. (2017). Hearing aid use in the elderly as measured by 

datalogging and self-report. International Journal of Audiology, 56(7), 472–479. 

https://doi.org/10.1080/14992027.2017.1303201 

Stronks, H. C., Tops, A. L., Hehrmann, P., Briaire, J. J., & Frijns, J. H. M. (2021). 

Personalizing Transient Noise Reduction Algorithm Settings for Cochlear Implant 

Users. Ear & Hearing, 42(6), 1602–1614. 

https://doi.org/10.1097/AUD.0000000000001048 

Vaisberg, J. M., Beaulac, S., Glista, D., Macpherson, E. A., & Scollie, S. D. (2021). 

Perceived Sound Quality Dimensions Influencing Frequency-Gain Shaping 

Preferences for Hearing Aid-Amplified Speech and Music. Trends in Hearing, 25, 

233121652198990. https://doi.org/10.1177/2331216521989900 

Valente, M., & Mispagel, K. M. (2008). Unaided and aided performance with a 

directional open-fit hearing aid. International Journal of Audiology, 47(6), 329–

336. https://doi.org/10.1080/14992020801894832 

Wagener, K. C. (2008). Recording and Classification of the Acoustic Environment of 

Hearing Aid Users. Journal of the American Academy of Audiology, 19, 348–370. 

Wagener, K. C., Vormann, M., Latzel, M., & Mülder, H. E. (2018). Effect of Hearing 

Aid Directionality and Remote Microphone on Speech Intelligibility in Complex 

Listening Situations. Trends in Hearing, 22, 233121651880494. 

https://doi.org/10.1177/2331216518804945 

Walden, B. E., Surr, R. K., Cord, M. T., Edwardst, B., & Olson, L. (2000). Comparison 

of Benefits Provided by Different Hearing Aid Technologies. Journal of the 

American Academy of Audiology, 11(10), 21. 

Walden, B. E., Surr, R. K., Grant, K. W., Van Summers, W., Cord, M. T., & Dyrlund, O. 

(2005). Effect of Signal-to-Noise Ratio on Directional Microphone Benefit and 

Preference. Journal of the American Academy of Audiology, 16(09), 662–676. 

https://doi.org/10.3766/jaaa.16.9.4 

Wasmann, J.-W. A., Lanting, C. P., Huinck, W. J., Mylanus, E. A. M., van der Laak, J. 

W. M., Govaerts, P. J., Swanepoel, D. W., Moore, D. R., & Barbour, D. L. 



36 

 

(2021). Computational Audiology: New Approaches to Advance Hearing Health 

Care in the Digital Age. Ear & Hearing, 42(6), 1499–1507. 

https://doi.org/10.1097/AUD.0000000000001041 

Wendt, D., Hietkamp, R. K., & Lunner, T. (2017). Impact of noise and noise reduction on 

processing effort: A pupillometry study. The Journal of the Acoustical Society of 

America, 141(5), 4040–4040. https://doi.org/10.1121/1.4989330 

Wilson, B. S., Tucci, D. L., Merson, M. H., & O’Donoghue, G. M. (2017). Global 

hearing health care: New findings and perspectives. The Lancet, 390(10111), 

2503–2515. https://doi.org/10.1016/S0140-6736(17)31073-5 

Woolf, S. H., Chan, E. C. Y., Harris, R., Sheridan, S. L., Braddock, C. H., Kaplan, R. M., 

Krist, A., O’Connor, A. M., & Tunis, S. (2005). Promoting Informed Choice: 

Transforming Health Care To Dispense Knowledge for Decision Making. Annals 

of Internal Medicine, 143(4), 293. https://doi.org/10.7326/0003-4819-143-4-

200508160-00010 

World Health Organization. (2021). Deafness and hearing loss. 

https://www.who.int/news-room/fact-sheets/detail/deafness-and-hearing-loss 

Wu, Y.-H., & Bentler, R. A. (2010). Impact of Visual Cues on Directional Benefit and 

Preference: Part I—Laboratory Tests: Ear and Hearing, 31(1), 22–34. 

https://doi.org/10.1097/AUD.0b013e3181bc767e 

Wu, Y.-H., & Stangl, E. (2013). The Effect of Hearing Aid Signal processing Schemes on 

Acceptable Noise Levels: Perception and Prediction. 34(3), 9. 

Wu, Y.-H., Stangl, E., Bentler, R. A., & Stanziola, R. W. (2013). The Effect of Hearing 

Aid Technologies on Listening in an Automobile. Journal of the American 

Academy of Audiology, 24(06), 474–485. https://doi.org/10.3766/jaaa.24.6.4 

Wu, Y.-H., Stangl, E., Chipara, O., Hasan, S. S., DeVries, S., & Oleson, J. (2019). 

Efficacy and Effectiveness of Advanced Hearing Aid Directional and Noise 

Reduction Technologies for Older Adults With Mild to Moderate Hearing Loss. 

Ear & Hearing, 40(4), 805–822. 

https://doi.org/10.1097/AUD.0000000000000672 

Zakis, J. A. (2011). Wind noise at microphones within and across hearing aids at wind 
speeds below and above microphone saturation. The Journal of the Acoustical Society of 

America, 129(6), 3897–3907. https://doi.org/10.1121/1.3578453 

Zhu, D., Shi, X., Nicholas, S., Ye, X., Chen, S., & He, P. (2020). Preferences for Hearing Aid 

Attributes Among People with Moderate or Greater Hearing Loss in Rural China: A 

Discrete Choice Experiment. Patient Preference and Adherence, 14, 643. 



37 

 

Chapter 2  

2 Behavioral outcome differences between premium and 

entry-level hearing aids1 

2.1 Background 

Untreated hearing loss can lead to a decline in quality of life at work, socially, and at home 

(Morris et al., 2013). The primary intervention for sensorineural hearing loss is the use of 

hearing aids (Chisolm et al., 2007; Gatehouse, 2002), which has been shown to provide 

quality of life, mental health, and social benefit to individuals with hearing loss (Chisolm 

et al., 2007; Kochkin, 2010; Picou, 2020). However, hearing aid adoption and usage rates 

remain low, and millions of individuals with hearing loss do not use hearing aids (Chien, 

2012; Jorgensen & Novak, 2020). A factor possibly contributing to this is the difficulty 

hearing and understanding speech in different situations (Kochkin, 2010). This is a main 

concern reported by hearing aid users and is a significant driver of hearing aid satisfaction 

(Picou, 2020).  

While all modern commercially available hearing aids are likely to have at least some form 

of directional microphone (DM) and digital noise reduction (NR) features, they can vary 

 

1  This is an accepted manuscript of an article published by Taylor & Francis: Saleh, H. 

K., Folkeard, P., Van Eeckhoutte, M., & Scollie, S. (2021). Premium versus entry-level 

hearing aids: using group concept mapping to investigate the drivers of 

preference. International Journal of Audiology, 1-15. Available at 

https://doi.org/10.1080/14992027.2021.2009923 
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between hearing aids, which sometimes underlies different price points. The differences 

between premium and entry-level hearing aids are typically related to the features available 

and the technological sophistication of the features. A hearing aid comparison framework 

developed by Lansbergen and Dreschler (2020) suggests a classification system based on 

signal processing, comfort, and adaptation features that differentiates hearing aids between 

the upper and lower ends of technology levels. Differentiation is based on the presence of 

more complex versions of DM and NR features, a higher number of compression and gain-

adjustable channels, as well as the availability of adaptive and automatic versions of these 

features (Cox et al., 2014; Wu et al., 2019). In spite of all these available benefits to a 

higher technology level, however, Gioia et al. (2015) found that technology level 

recommendations by hearing professionals were not based on any evidence of patient 

outcome benefit from different technology levels, but instead on variables such as patient 

lifestyle as perceived by the hearing professional after informal consultation. 

Recent studies have investigated the difference in benefit between premium and entry-level 

hearing aids and features in a laboratory setting and in the real world. Johnson et al. (2016)  

compared two brands of hearing aids at a premium and entry-level and found no significant 

differences in objective behavioral outcome measures in aided speech recognition in noise 

and quiet and only a small improvement in localization scores in quiet in one of the hearing 

aid brands. Wu et al. (2019) also compared premium and entry-level directional 

microphone and noise reduction technologies and found a beneficial effect of premium 

technology on aided speech intelligibility in noise. They also found that self-reported sound 

quality did not differ significantly between premium and entry-level hearing features in a 

real-world setting, nor for most laboratory testing conditions. Cox et al. (2016) found that 
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preference between the premium and entry-level devices was equally divided between the 

two technology levels, and these findings were supported by those of Wu et al. (2019) who 

reported no significant differences in user satisfaction between premium and entry-level 

signal processing features. Furthermore, in a recent study, Plyler et al. (2021) also 

investigated the effects of hearing aid technology level on behavioral outcomes. They 

measured speech perception, acceptable noise level (ANL), and speech satisfaction ratings, 

as well as participant preference for technology level. They found that most measures were 

not significantly affected by hearing aid technology level. However, participants reported 

a significantly higher acceptable noise level and satisfaction with speech when in large 

groups when using the premium hearing aid technology. There was also no significant 

preference for either technology level. 

Bandwidth can also differ between modern premium and entry-level hearing aids for two 

possible reasons. First, entry-level devices are more likely to use slimtube-style couplings 

to the ear which may provide less output in the higher frequencies. Second, the adjustability 

of premium hearing aids may offer greater fine tuning and improved fittings, with less 

acoustic feedback, allowing better matching to targets and more audibility in higher 

frequencies (Arbogast et al., 2019). In a recent a study comparing direct-to-consumer 

hearing devices and commercially available hearing aids, it was found that the hearing aids 

had a significantly lower root-mean-square-error (RMSE) from the prescribed targets than 

the direct-to-consumer devices, indicating a better goodness of fit in the more 

technologically complex hearing aids (Almufarrij et al., 2019).  The perceptual effects of 

bandwidth have also been recently studied. Van Eeckhoutte et al. (2020) investigated the 

effect of bandwidth in current hearing aids on consonant recognition, loudness rating, and 
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preference outcomes. Consonant recognition in noise was significantly improved in the 

extended bandwidth condition, while loudness perception did not differ significantly 

between the extended and restricted bandwidth conditions. Additionally, participants 

showed a small but significant overall preference for the extended bandwidth condition 

(Van Eeckhoutte et al., 2020).  

However, the difference in the overall hearing aid experience between entry-level and 

premium hearing aids is not limited solely to signal processing features and outcomes 

related directly to sound audibility and clarity via signal processing.  Modern hearing aids 

also include non-signal processing features which can also differ between entry-level and 

premium commercially available hearing aids. These include device style, Bluetooth 

connectivity, binaural data streaming, rechargeability (Johnson, 2017), and 

smartphone/tablet compatibility (Maidment & Ferguson, 2018), and compatibility with 

various accessories. However, recent studies investigating premium and entry-level 

technology which controlled for non-signal processing factors in their experimental design 

were more focused on the effect of signal processing features on user preference and 

satisfaction. However, according to recent MarkeTrak data (Picou, 2020) these non-signal 

processing factors have a beneficial effect on hearing aid users’ self-reported satisfaction 

with their devices, and can therefore affect impact user preference. This is also supported 

by other recent literature (Zhu et al., 2020) which reports that non-signal processing factors, 

such as battery life and water resistance, significantly affected hearing aid choice. 

The purpose of this study was to investigate the impact of premium versus entry-level 

technology on hearing aid outcomes and preference.  We aimed to do this using product 

profiles that included signal processing features, but also others outside the scope of signal 
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processing that contribute to technology-level variations in the overall hearing aid package. 

The rationale for this design is that non-signal processing features may impact user 

preference, possibly in combination with signal processing sophistication (Meister et al., 

2001; Picou, 2020; Zhu et al., 2020). In this study, an effort was made to ensure that the 

hearing aids chosen gave a realistic and generalizable comparison for the different ends of 

the feature spectrum in one specific line of modern hearing aids. According to the hearing 

aid comparison framework developed by Lansbergen and Dreschler (2020), these premium 

and entry-level hearing aids correspond to the upper and lower levels of hearing aid feature 

domains. As such, non-signal processing features included form factor, linked smartphone 

applications, Bluetooth connectivity and data-streaming, and available accessories. 

2.2 Methods 

2.2.1 Study approval and ethics 

The study was approved by the Western University’s Research Ethics Board. All 

participants provided written informed consent and were financially compensated for their 

time. Participants were referred to local clinics for follow-up care upon request. 

2.2.2 Set-up and calibration 

All testing was conducted at the Hearing Aid Technologies and Outcomes for Adults lab 

of the National Centre for Audiology at Western University in London, Canada. All testing 

was completed in a double-walled sound treated booth which contained an adjustable chair. 

Anthony Gallo Acoustics A’Diva Ti speakers were used, with eight speakers placed every 

45º, encircling the listener at a radius of 1.1 m from the central calibration point. A ninth 

speaker was used to present stimuli from 0º, located just above and behind the noise-
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presenting speaker at 0º, at 1.2m from the central calibration point. A Larson Davis 824 

Type 1 sound level meter coupled to a PCB Piezotronics ½” random incidence microphone 

was used to calibrate the stimulus and background noise in preparation for the study. Daily 

calibration checks were completed using the MTP ST-805 type 2 sound level meter. 

2.2.3 Study design, materials, and equipment 

The two models of hearing aids used in this study were acquired from the same 

manufacturer and were chosen to represent the opposite ends of the brand’s technology 

levels: premium and entry-level. The premium hearing aid was a receiver-in-canal (RIC) 

style of hearing aid. It provided rechargeability, binaural connectivity, and was compatible 

with wireless TV and remote microphone accessories as well as smartphone/tablet 

connectivity via Bluetooth using a proprietary application. This application allows the 

participant to change HA programs, choose among directional microphone modes, and 

contact the hearing aid professional for access to remote fitting sessions. The directional 

mode feature allowed the user to force the hearing aid’s directional polar plot into different 

azimuths including back, left, right and forward, with additional choice between the 

standard fixed directionality and the more focused bilateral beamforming. This hearing aid 

had twenty compression channels. 

The entry-level hearing aid was a behind-the-ear (BTE) style of hearing aid that could be 

coupled to the ear using a standard ear-hook with earmold or slim tube and cone based on 

participant preference. It used disposable batteries (no recharging feature) and offered no 

binaural connectivity. In terms of accessories, the entry-level hearing aids were compatible 

with a proprietary remote control (to switch between programs) and did not support 
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Bluetooth smartphone or tablet application connectivity. This hearing aid had six 

compression channels. 

The study followed a single-blinded crossover trial design in which the participants were 

not informed of the differences between the hearing aid models which were referred to as 

hearing aids X and Y. The hearing aids were described only as “different technology 

packages or flavors”, and the participants were told that the focus of the study was their 

opinion of the different aspects of each “technology flavor”. Allocation of entry-level or 

premium hearing aids for the first arm of the trial was randomized and counterbalanced, 

using procedures described below. Outcome measures including laboratory evaluation of 

speech intelligibility in noise, loudness, sound quality, and preference. The hearing aids 

were re-programmed to only have programs needed for outcome measures (Table 1). The 

entry-level hearing aid had an omnidirectional program, an automatic switching adaptive 

program, and a fixed forward directionality program. The premium hearing aids had an 

omnidirectional program, an automatic switching adaptive program, a proprietary pinna-

effect omnidirectional program, and two forward-facing directional programs – fixed 

forward and narrow beamforming - which were accessible through the proprietary 

smartphone application. Digital noise reduction was switched off in all test conditions 

except the automatic switching adaptive program in both hearing aids. 

 

Table 2-1 Feature profiles of the hearing aid programs used when testing laboratory 

outcome measures in two different hearing aids. 

Premium HA programs Entry-level HA programs Digital Noise Reduction 
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Automatic switching adaptive Automatic switching adaptive On 

Fixed forward directional Fixed forward directional Off 

Omnidirectional Omnidirectional Off 

Narrow beamforming  Off 

Pinna-effect omnidirectional  Off 

 

2.2.4 Test procedures 

For all tests, an unscored practice run was administered prior to scored testing as needed 

to familiarize participants with the tasks. The order of the outcome measures and the 

programs used (when changing within an outcome measure) were randomly assigned prior 

to each appointment. For all behavioral outcome measures, the average of two trials was 

taken. 

2.2.4.1 Sentence recognition in noise 

The US English version of the Matrix test (Kollmeier et al., 2015), hereby referred to as 

the US Matrix test, was used to assess recognition of sentences in noise. The test consists 

of 36 lists each containing 20 sentences. Each sentence has five randomly generated 

keywords words that follows the form “name-verb-number-adjective-noun”. The sentences 

are grammatically correct but are semantically unpredictable. Scoring consists of marking 

the correctly repeated keywords using the Oldenburg Measurement Applications, a 

graphical user interface (GUI) created and distributed by the HörTech gGmbH 
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organization affiliated with the University of Oldenburg. The sentences were presented 

from 0º through the GUI and the speech-shaped US Matrix noise was presented from seven 

speakers from 45º to 315º through a separate playback program. The stimuli and noise were 

both presented at 65 dB SPL (0 dB SNR) for the first sentence, and the stimulus level was 

adaptively adjusted via the GUI in order to bracket the reception threshold for sentences 

(Kollmeier et al., 2015; M. Nilsson et al., 1994), at the 50% correct level.  

2.2.4.2 Sound quality 

Sound quality across the two hearing aids was assessed using participant ratings on the 

“total impression” and “clarity” Gabrielsson scales (Gabrielsson et al., 1988; Gabrielsson 

& Sjögren, 1979). The “Dove” passage from the Connected Speech Test, re-recorded in an 

accent appropriate for our sample of listeners (Cox et al., 1987; Saleh et al., 2020), was 

used as the stimulus and presented at 60 dB SPL from the speaker at a 0º azimuth. Ratings 

were completed in both quiet (Dove passage only) and in noise (Dove passage plus babble). 

When required, multi-talker babble was presented from the seven surround speakers from 

45º to 315º at 55 dB SPL (+5 dB SNR). Babble was presented ten seconds prior to stimulus 

presentation. Participants listened to the passage in each hearing aid setting available within 

the hearing aid under test, and the hearing aid settings were randomized. Participants were 

asked to rate both total impression and clarity on a scale from 0-10 with 0 indicating a very 

poor score and 10 indicating the maximum score. All the hearing aid programs in the 

participants’ most recently trialed hearing aid were tested. 

2.2.4.3 Consonant identification 

Aided consonant identification in noise was measured with the University of Western 

Ontario Distinctive Features Difference test (DFD; Cheesman & Jamieson, 1996). It 



46 

 

consists of a closed set of 21 phonemes located between /a/ and /il/ to create a nonsense 3-

phoneme word. This test has been used to assess aided speech benefit and speech 

recognition in quiet (Easwar et al., 2015; Jenstad et al., 2007; Wolfe et al., 2015) and in 

noise (Van Eeckhoutte et al., 2020) in previous studies assessing hearing aid outcomes. 

The 21 consonants are spoken by two male and two female talkers equalling a total of 84 

consonants per trial. Background speech-shaped noise was presented from 0º at 54 dB SPL 

(+6 dB SNR) followed by the stimuli which was presented from 0º at 60 dB SPL. 

Participants identified the medially located phoneme in each presentation by clicking on 

the orthographic representation of it from a 21-choice display on a computer monitor. Both 

hearing aids were set to their program for speech in quiet during this test (omnidirectional 

microphone setting). Two trials were conducted for each session, and the average score of 

the two trials was calculated. 

2.2.4.4 Aided loudness growth 

The aided loudness growth testing for the sound field followed the procedures similar to 

that used by Van Eeckhoutte, Wouters, & Francart (2016) and Van Eeckhoutte, Scollie, 

O’Hagan & Glista (2020), implemented on custom software. A portion of the “Wolf” 

passage from the Connected Speech Test was used as the presented stimulus (Cox et al., 

1987; Saleh et al., 2020) was presented on each trial at levels ranging from 52-80 dB SPL 

in 2dB steps. At each presentation, the participant had to indicate the loudness of the 

stimulus by choosing a position on a Graphic Rating Scale on a computer monitor using a 

mouse. The software coded this position as a number between 0 and 1. The participant 

could choose any position on the scale, with category names indicated next to the scale 

(“Did not hear”, “Too soft”, “A bit soft”, “Just right”, “A bit loud”, “Too loud”, “Much too 
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loud”). Graphical illustrations of facial expressions representing moods were visible next 

to the Graphic Rating Scale, serving as guidelines. The stimulus level was first presented 

at 64 dB SPL, and this served as a practice trial. Next, trials were presented in pseudo-

random order in order to avoid context effects (Brand & Hohmann, 2002). The pseudo-

randomization was implemented such that the level of two consecutive stimuli was never 

more than 12 dB apart. Each level was presented twice, for a total of 30 tested loudness 

judgments for each hearing aid. Both entry-level and premium hearing aids were set to 

their program for speech in quiet during this test (omnidirectional microphone setting). 

2.2.4.5 Appointment 1: Hearing test, participant inclusion, and first fitting 

Case history and otoscopic examination were followed by audiological testing to determine 

hearing thresholds. This included standard air and bone conduction, followed by 

tympanometry. Participants who met the inclusion criteria were randomly assigned to 

either to the entry-level or premium hearing aid for the first arm of the study and were 

assessed for hearing aid fitting.  

Participants who did not require an earmold were fitted with the premium receiver-in-canal 

hearing aid with an appropriate dome, or with the entry-level behind-the-ear hearing aid 

with a slim-tube open fit and an appropriate dome. Participants requiring an earmold had 

an earmold impression taken and were scheduled another appointment to be fitted with 

their hearing aid. The hearing instruments were fine-tuned to meet DSL v5-adult targets  

(Scollie et al., 2005) and verified with real ear measurements using calibrated speech 

passages at 55, 65- and 75-dB SPL. This fitting procedure complies with best practices 

protocols recommended by the American Academy of Audiology (Valente et al., 2006). 

Participants were given the choice to use any of the accessories compatible with their 
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hearing aids. During the trial period, any needed hearing aid adjustments were made by the 

researcher team in person or, for participants trialing the premium hearing aids, using the 

remote tele-audiology system through the smartphone app.  

 

Figure 2-1 Study timeline and appointment flowchart. 

 

2.2.4.6 Appointment 2: Behavioral measures and second fitting 

Three weeks after the first fitting, participants returned for the second appointment. The 

participants were asked to remark on their experiences with the first pair of hearing aids. 

These remarks were audio recorded to allow participants to listen to them in future 
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appointments to refresh their memory about the experience of both hearing aids before a 

final preference decision.  

The hearing aids used for outcome measures in appointment 2 depended on which hearing 

aid the participant was randomly assigned in the previous appointment. After the 

completion of the appointment 2, participants were fitted with the second pair of hearing 

aids using the same fitting procedure as the previous appointment.  

2.2.4.7 Appointment 3: Behavioral measures and final preferences 

After trialing the second pair of hearing aids for 3 weeks, the participants returned for the 

final appointment.  

The participants were asked to listen to their recorded remarks regarding the previously 

worn pair of hearing aids. They then discussed the current pair of hearing aids, once again 

being recorded. They were asked to rate their preference between the hearing aids on a 7-

point Likert scale. This included “strongly preferred”, “moderately preferred”, and 

“slightly preferred” options towards one of the hearing aids, as well as a “no preference” 

option. 

The hearing aids were then re-programmed to lab settings (see appointment 2) and the US 

Matrix, DFD, and loudness scaling tests were repeated with the second pair of hearing aids.  

Appointment 4 (Figure 2-1) contained the concept mapping activities related to Chapter 3, 

and will be described in following chapter. 

2.3 Data analysis 

All data analyses were conducted using the R statistical software.  
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2.3.1 Sentence recognition in noise 

To analyze the sentence recognition in noise results, a linear mixed-effects model was used, 

with participants as the random effect and hearing aid type and microphone condition set 

as the fixed effects. The significance of each effect was analyzed by log-likelihood analysis 

of variance (ANOVA) model comparisons. Paired t-tests were used to assess the 

significance of differences between the microphone conditions within each hearing aid, 

with the p-value adjusted using the False Discovery Rate (FDR) correction (Benjamini & 

Hochberg, 1995).  

2.3.2 Consonant identification 

Paired t-tests were used to analyze the significance of the consonant identification results.  

2.3.3 Sound quality 

To analyze the sound quality results, a linear mixed-effects model was conducted. For this 

model, participants were set as the random effect, while hearing aid type and microphone 

condition and sound setting (in noise or quiet) were set as the fixed effects. The significance 

of each effect was analyzed by log-likelihood analysis of variance (ANOVA) model 

comparisons 

2.3.4 Loudness growth ratings 

To assess the impact of hearing aid type and test level on loudness growth ratings, a linear 

mixed-effects model was used. For this model, participant was set as the random effect, 

while level and hearing aid type were set as fixed effects. The significance of each effect 

was analyzed by log-likelihood analysis of variance (ANOVA) model comparisons 
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2.3.5 Preference ratings 

A one-sample Kolmogorov-Smirnov test was conducted to determine the significance of 

the preference rating results. 

2.4 Results 

2.4.1 Participants 

Participants included current hearing aid users (with at least one month of experience) with 

a bilateral mild to moderately severe sensorineural hearing loss, to own a smartphone 

and/or tablet, and to be fluent in English. Twenty-three participants (mean of 62.4 years; 

range: 24-78 y; 15 males, 8 females) were recruited via email.  

2.4.2 Audibility 

The ability for each hearing aid to match the prescriptive target, or the goodness of fit, was 

measured using the root-mean-square-error (RMSE) between the fitting and the DSL v5 

targets at 500, 1000, 2000 and 4000 Hz. The RMSE of the premium hearing aid was 3.99 

(SD = 2.01) and that of the entry-level hearing aid was 5.35 (SD = 2.90). A paired t-test 

showed that this difference is significant (t (45) = 2.69, p = 0.001). 

The Maximum Audible Output Frequency (MAOF) was also measured, using the 

intersection between auditory thresholds and the peaks of speech. The mean MAOF for the 

ear with the better 4-frequency pure tone average was 6427 Hz for the premium hearing 

aids and 5931 Hz for the entry level hearing aids at 65 dB SPL. This difference was found 

to be significant (t (21) = 2.12, p < 0.05). 
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Due to technical issues, data from one participant’s fitting sessions was lost. Therefore, the 

participant was excluded from the audibility measurements (MAOF and RMSE) to ensure 

a balanced comparison between the two hearing aids.  

2.4.3 Sentence recognition in noise 

Mean reception thresholds for sentences ranged from -9.43 (omnidirectional entry-level) 

to -13.8 dB SNR (fixed directional, premium) across settings. Microphone condition was 

found to have a significant effect on score in the model, χ2 (3) = 13.27, p < 0.01, with a 

large partial eta-squared (ηp
2) effect size of 0.38. Effect size interpretations Hearing aid 

type (premium or entry-level) did not significantly improve the model, χ2 (1) = 3.17, p = 

0.07 and hearing aid type had a small effect size of ηp
2 = 0.04. The interaction between 

hearing aid and condition also did not have a significant effect on the model, χ2 (3) = 7.74, 

p = 0.051 and had a small effect size of ηp
2 = 0.06. Effect size interpretations are based on 

suggestions by Cohen (1988) that partial eta-squared values of 0.01, 0.06, and 0.14 

corresponding to small, medium, and large effects, respectively.  

Within the premium hearing aid, significant differences were found between the 

omnidirectional and adaptive directional microphone settings (t (22) = 3.53, p < 0.01) with 

a Cohen’s d of 1.10  (large effect size), the omnidirectional and fixed forward microphone 

settings (t (22) = 2.94, p =0.02) with a Cohen’s d of 0.69 (moderate effect size), the 

omnidirectional and narrow beamforming microphone settings (t (22) = 2.69, p =0.03) with 

a Cohen’s d of 0.55 (moderate effect size), and the omnidirectional and pinna-effect 

omnidirectional settings - labelled in Figure 2-2 as “Premium (Advanced)” -  (t (22) = 2.29, 

p =0.03) with a Cohen’s d of 0.48 (small effect size). No other combinations of microphone 

settings were found to differ significantly.  Effect size interpretations are based on 
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suggestions by Cohen (1988) that a Cohen’s d value 0.2, 0.5, and 0.8 correspond to small, 

medium, and large effects, respectively. 

Within the entry-level hearing aid scores, three conditions were tested. The omnidirectional 

microphone setting differed significantly in score from both the fixed forward microphone 

setting, (t (22) = 4.44, p <0.001) with a Cohen’s d of 1.67 (large effect size), and adaptive 

microphone setting (t (22) = 4.78, p <0.001) with a Cohen’s d of 1.80 (large effect size). 

 

Figure 2-2 US Matrix series test results for the directionality settings of the premium and 

entry-level hearing aids for 23 participants. The Y-axis represents the SNR at which a 50% 

correct score on the test was achieved. Premium-only settings (black) are the pinna-matched 

omnidirectional (left) and te narrow beamforming (middle) microphone settings. Significant 

differences between premium and premium-only settings are indicated by an asterisk 

(significant differences between different microphone settings not denoted). Error bars 

represent 1 standard deviation from the mean. 
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2.4.4 Consonant identification 

The mean entry-level and premium hearing aid DFD scores were 75.5 and 76.11, 

respectively. When converted to rationalized arcsine units (Rau) (Studebaker, 1985) these 

correspond to 74.55 and 75.20. These results indicated no significant difference between 

the premium and entry-level conditions; t (22) = 0.73, p =0.47, with a small effect size of 

Cohen’s d = 0.06.  

2.4.5 Sound quality 

Mean total impression ratings exceeded 7 out of 10 on average across all conditions, 

corresponding to “rather clear” in noise and between “rather clear” and “very clear” in 

quiet, on average. The only significant effect on the model was the sound setting (noisy or 

quiet), χ2 (1) = 124.79, p <0.001 (effect size ηp
2 = 0.30. Microphone condition, χ2 (4) = 

1.96, p = 0.75 (effect size ηp
2 < 0.01), hearing aid type, χ2 (1) = 0.93, p = 0.33 (effect size 

ηp
2 < 0.01), interaction between hearing aid and sound setting (noisy or quiet) χ2 (1) = 2.83, 

p = 0.09 (effect size ηp
2 < 0.01), and the interaction between hearing aid and condition, χ2 

(7) = 3.22, p = 0.86 (effect size ηp
2 < 0.01), did not significantly improve the model. 
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Figure 2-3 Total impression and clarity Gabriellson ratings for the directionality 

settings of the premium and entry-level hearing aids for 23 participants in noise and 

quiet. The Y-axis represents the subjective rating out of 10. Premium-only settings 

(black) are the pinna-matched omnidirectional (left) and the narrow beamforming 

(middle) microphone settings. Error bars represent 1 standard deviation from the 

mean. 

Mean sound clarity ratings also exceeded 7 out of 10 across all conditions. The results of 

the linear mixed-effects model analysis mirrored those of the total impression ratings. The 

only effect found to have a significant effect on the model was the sound setting (noisy or 

quiet), χ2 (1) = 113.86, p <0.001 (effect size ηp
2 = 0.28).  Microphone condition, χ2 (4) = 

0.61 p = 0.96 (effect size ηp
2 < 0.01), hearing aid type, χ2 (1) = 0.14, p = 0.71 (effect size 

ηp
2 < 0.01), the interaction between hearing aid and sound setting (noisy or quiet), χ2 (1) = 

0.24, p = 0.62 (effect size ηp
2 < 0.01), and the interaction between hearing aid and condition 

χ2 (7) = 2.23, p = 0.95 (effect size ηp
2 < 0.01) were not significant. 
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2.4.6 Aided loudness growth 

The loudness category “Just right” corresponded to an input level of 62.5 dB for the entry-

level devices and 61.8 dB for the premium devices, indicating that conversation-levels of 

speech were presented at mid-range loudness for both devices. 

Data points exceeding ±2 SD from the mean loudness growth rating results were 

considered unreliable responses and were removed from the data as outliers, as described 

in Van Eeckhoutte et al. (2020). This resulted in the removal of 64 out of 1380 data points. 

The loudness responses of the first and second trial repetitions were then averaged and the 

data was modelled with sigmoidal fits for each hearing aid type. Results indicated a 

significant effect of level, χ2 (610) = 54.94, p < 0.001 (effect size of ηp
2 = 0.37) but the 

effect of hearing aid type was not significant χ2 (22) = 0.02, p = 0.99 (effect size ηp
2 = 

0.04), nor was the interaction between level and hearing aid type χ2 (610) = 0.40, p = 0.69 

(effect size ηp
2 = 0.02). 

2.4.7 Preference 

Out of the 23 participants, nineteen preferred the premium hearing aids and four preferred 

the entry-level hearing aids (Figure 4). The magnitude of preference ranged from mild to 

strong preference. There were no participants who indicated “no preference”. Analysis 

indicated a significant overall preference for the premium hearing aids (p < 0.001).  
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Figure 2-4 Overall hearing aid preference ratings for the 23 participants ranging 

from a strong preference to the entry-level to strong preference for the premium 

hearing aids. 

2.5 Discussion 

Previous comparisons of high versus low-level hearing aids, when both fitted to the same 

prescription, have reported limited perceptual differences. When comparing speech in 

noise outcomes between premium and entry-level hearing aids, Johnson et al. (2016) and 

Plyler et al (2021) found no significant difference while Wu et al. (2019) found that in most 

test conditions the premium hearing aids provided significant improvement. In our study, 

the difference in sentence recognition scores between the premium and entry-level hearing 

aids was not found to be significant in any hearing aid setting. However, the directional 

microphone settings in both hearing aids provided significant benefit compared to the 

omnidirectional settings. This is consistent with Johnson et al. (2016). The differences 
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across studies could also be idiosyncratic to the specific devices and settings used in each 

study. 

Consonant recognition results indicate that closely fitting both hearing aids to the DSL-

prescribed target resulted in similar access to speech cues. Although the premium-level 

receiver-in-the-canal devices provided an upper bandwidth limit that was approximately 

500 Hz higher than that of the entry-level earmold and slim-tube device, this difference did 

not significantly affect speech recognition scores on the tests used in this battery. This 

result may be viewed in context of recent results reported by Van Eeckhoutte et al. (2020) 

who reported significant improvement on the same test when a RIC device was fitted to 

full bandwidth versus restricted bandwidth. In that study, a larger bandwidth difference of 

1500 Hz was observed and was clearly associated with improved recognition of high-

frequency consonants, similar to other studies with large bandwidth differences (Alexander 

& Rallapalli, 2017). This indicates that the bandwidth difference between the hearing aids 

used in this study, although observable on verification, was not substantial enough to cause 

a change in consonant recognition scores.  

Aided loudness results showed no significant difference between the premium and entry-

level hearing aids. Once again, this result can be interpreted in context of previous literature 

on bandwidth effects on loudness.  Van Eeckhoutte et al. (2020) found that an increase in 

bandwidth of 1500 Hz did not contribute to a significant increase in subjective loudness 

ratings. In our study, the hearing aids only differed in bandwidth by 500 Hz. This amount 

of bandwidth difference, while significant, was again not substantial enough to see a 

difference in loudness perception ratings, in line with previous literature. The importance 

of this non-significant loudness rating difference between the hearing aids is highlighted 
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by previous literature in which comfort with loud sounds was reported to improve 

satisfaction (Hickson et al. 2010). 

The sound quality results indicated that the sound quality was acceptable and similar for 

both hearing aids. Perceived sound quality was lower for noisy speech than for quiet 

speech, as expected. These results are mostly consistent with previous literature by Wu et 

al. (2019) where sound quality ratings were found to be similar between premium and 

entry-level hearing aids in most, but not all, conditions tested. The few inconsistencies 

between some of our results and those of Wu et al. (2019) may be attributable to the 

laboratory conditions tested. The present study used a sound-field with an unchanging 

signal location (0º azimuth), consistent with Cox et al. (2016), whereas the methods used 

by Wu et al. (2019) consisted of a dynamic sound-field with different signal azimuths. 

Specifically, the condition in which Wu et al. found a significant improvement in sound 

quality presented the signal at 0º and babble noise at 180º, a condition not specifically 

tested in the present study.   

Preference 

Despite the similar electroacoustic and laboratory outcomes reported above, the 

participants of this study reported a preference for the premium hearing aids following real-

world use of both devices. This finding differs from that of Cox et al. (2016) and Plyler et 

al. (2021) who did not report a significant difference in participant preference between two 

hearing aid technology levels, as well as from that of Wu et al. (2018) who found no 

difference in preference between the different technology levels of directionality and noise 

reduction. Several factors may relate to this difference in outcome. First, the hearing aids 
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used were different across these studies. Although the brands used by the researchers were 

not reported, they were released in 2011 (Cox et al. 2016) and 2013 (Wu et al. 2018). The 

premium hearing aids used in the present study were released in 2019 and therefore may 

have offered updated features and had more differences between the premium and entry-

level devices. Second, the premium hearing aids used in the present study offered 

smartphone and tablet compatibility and applications for microphone steering, music 

streaming, and remote care, features not differentiating the technology levels in the hearing 

aids used by Cox et al. (2016), Plyler et al. (2021), or Wu et al. (2018). Third, the hearing 

aids used in the mentioned studies controlled for form factor. In the present study, we 

allowed form factor to be dictated by the actual product variation available across price 

points, to facilitate a generalizable measurement of preference between high and low 

technology levels present in modern hearing aids. It is possible that form factor or device 

appearance could have influenced user preference, as has been reported previously 

(Meister, 2001). Furthermore, while lab outcomes were measured to compare aided benefit 

between hearing aids, this was done in a controlled laboratory setting which may not have 

represented hearing aid outcomes in real world environments and may not have fully 

captured the difference in performance between the hearing aids. 

2.6 Limitations 

This study had several limitations. First, the hearing aids used differed in form factor and 

accessories/apps between the two technology levels. While this provided a realistic 

representation of the actual product variation in commercial devices, it can also present as 

a confound as participants may have inferred cost ranges, may have experienced different 

fitting durations (due to phone and device pairing and orientation), or may otherwise have 
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been biased by the non-signal processing aspects of the devices, similar to the digital 

labelling effect that has been reported previously (Bentler et al., 2003; Dawes et al., 2013). 

This potential for bias due to perceived superiority of the premium device could have 

influenced preference results. Second, lab-based benefit measures were collected using 

nonsense syllables (for sensitivity to bandwidth) and sentences in noise bracketed to 

measure the 50% correct point (to avoid ceiling and floor effects). Although these 

measurement types are commonly used in hearing aid research, neither reflects real-world 

speech communication (see Naylor (2016) for discussion of this issue) and did not appear 

to predict real-world preferences in this study.  
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Chapter 3  

3 Using concept mapping to find the drivers of hearing 

aid preference2 

 

3.1 Background 

3.1.1 Differences in hearing aid technology levels 

Hearing aids are complex devices with the main purpose of providing people experiencing 

hearing loss with access to sound and speech. Previous literature has reported the 

importance of hearing aid performance in different acoustic environments for continued 

user satisfaction (Kochkin, 2007). This has led to the development of digital signal 

processing (DSP) features aimed at improving speech audibility and clarity, such as digital 

noise reduction, directional microphones, and wide dynamic range compression 

(Lansbergen & Dreschler, 2020; Picou, 2020). These features, while typically present in 

most commercially available modern devices, can also differ in complexity between 

different levels of hearing aid technology. Premium hearing aids typically have more 

sophisticated versions of these features and provide access to more options and 

programming flexibility than entry-level hearing aids. For example, directional 

 

2 This is an accepted manuscript of an article published by Taylor & Francis: Saleh, H. 

K., Folkeard, P., Van Eeckhoutte, M., & Scollie, S. (2021). Premium versus entry-level 

hearing aids: using group concept mapping to investigate the drivers of 

preference. International Journal of Audiology, 1-15. Available at 

https://doi.org/10.1080/14992027.2021.2009923 
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microphone (DMs) technology can range from basic algorithms aimed at improving signal-

to-noise ratio to an automatic system which can adapt to the current acoustic environment 

and the location of speech (Wu et al., 2019). Digital noise reduction (NR) technologies also 

range in technology level, with more advanced versions having more channels and the 

ability to process more types of sounds (Wu et al., 2019). The wide dynamic range 

compression in upper levels of technology also has a higher number of compression 

channels than basic versions (Cox et al., 2016).  

Aided benefit in noise is important in  ensuring successful hearing aid uptake and 

improving compliance among hearing aid owners (Kochkin, 2000; Lupsakko et al., 2005). 

However, modern commercially available hearing aids also include advanced features and 

technologies with a non-audiological focus. These can also differ in complexity between 

entry-level and premium devices but in some cases may only be available in premium 

devices (Cox et al., 2016). These include physical features such as device style as well as 

connectivity and convenience factors such as Bluetooth connectivity, binaural data 

streaming, rechargeability, smartphone/tablet compatibility and external accessory 

compatibility (Cox et al., 2016; Maidment et al., 2019).  

3.1.2 The effect of technology on preference 

As previously mentioned, preference is a multidimensional, complex interaction of many 

patient and treatment-centered aspects of healthcare. The implementation of patient 

preference into healthcare decisions has been shown to improve successful hearing aid 

outcomes (Poost-Foroosh et al., 2011). 
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 Multiple studies have investigated hearing aid user preference for hearing aid features. For 

hearing aid microphone directionality, many report preference for access to this feature 

(Amlani et al., 2006; Surr et al., 2002; Walden et al., 2005; Wu & Bentler, 2010b). The 

effects of directional microphones (DM) on user preference have been investigated, 

including preference for types of directional microphone technologies, preference for 

directional microphone bandwidths (Goyette et al., 2018), and preference for microphone 

settings based on acoustic environment or audiovisual cues (Walden et al., 2005; Wu & 

Bentler, 2010a). Digital noise reduction (NR) technologies have also been preferred versus 

hearing aid without noise reduction (Neher, 2014; Ricketts & Hornsby, 2005). Similarly, 

preference for specific aspects of noise reduction have been investigated. This includes 

onset time (Bentler et al., 2008), strength (Neher & Wagener, 2016), and different noise 

reduction algorithms (Brons et al., 2014). Furthermore, studies have also investigated 

preference between different hearing aid bandwidths (Van Eeckhoutte et al., 2020) and 

hearing aid initial gain settings (Boymans & Dreschler, 2012; Valente et al., 2018). While 

these studies have provided insight into the preferences for different versions of each of 

these features, further work is required to address how DSP and non-DSP features of 

hearing aid technology, across varying levels, can influence user preference. 

Recently, studies have investigated outcomes between different hearing aid technology 

levels, rather than individual feature differences. Studies by Cox et al. (2014, 2016) and 

Johnson et al. (2016) investigated laboratory outcomes, subjective preference and user 

outcome differences between hearing aids containing features at the premium and entry-

level ends of hearing aid technology complexity. Their differences included types of 

directionality and noise reduction, number of compression channels, and binaural 
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streaming capability. They found no significant differences between technology levels in 

most laboratory measures of speech understanding and listening effort, nor in user 

preference or subjective outcomes. Wu et al. (2018) assessed the difference between 

premium and entry-level directional microphone and noise reduction settings on laboratory 

aided benefit outcomes, and on user satisfaction. While aided benefit was significantly 

improved by premium settings over basic settings, there was no significant difference in 

user satisfaction between technology levels. Plyler et al. (2021) also investigated 

behavioral and subjective outcomes and preference differences between different hearing 

aid technology levels. They found that most outcomes, as well as preference, did not differ 

significantly between premium and basic technology levels. 

As such, experimental research on preference between different hearing aids has largely 

only included differences in certain DSP features, controlling for other DSP and all non-

signal processing features (Cox et al., 2016; Wu et al., 2019). This warrants a study of 

preference between different overall hearing aid product profiles which include varying 

levels of non-signal processing features, and an investigation of how this wide array of 

features can driver hearing aid user preference. 

3.1.3 Concept mapping as a method for studying stakeholder perspectives 

Concept mapping is an umbrella term for methodologies which follow a participant-

inclusive process to allow investigation of complex and intangible concepts and visual 

representation of these concepts in a clear and interpretable manner (Kane & Trochim, 

2007, Rosas & Ridings, 2017). The process is stakeholder inclusive and allows the 

investigation of intangible opinions The map is generated from similarity and importance 

weightings of statements, which are rated and sorted using a structured process, by multiple 
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participants. Statement rating and sorting data are then located on the map via 

multidimensional scaling and hierarchical cluster analysis. This produces an interpretable 

visualization of people’s ideas and how these ideas relate to each other (Trochim, 1989). 

This process can be divided into six stages: Preparation of the study and the goals of the 

process, generation of the statements through brainstorming, structuring the data through 

sorting and rating as well as collecting descriptive data, representation of the data visually 

on a map, interpreting the resulting map, and using the map in future planning and 

development. This method is described in more depth by Trochim & McLinden (2017) and 

Kane & Trochim (2007). 

Group concept mapping has been used for a wide variety of topics ranging from medical 

outcomes (Nilsson et al., 2012) to psychobehavioral studies (Donohoe et al., 2020) and 

implementation strategies (Green & Aarons, 2011; Joukes et al., 2016; Waltz et al., 2015). 

In each of these studies, the process was used to successfully integrate ideas from the group 

of interest onto an interpretable map. Group concept mapping has also been used in the 

hearing science field to study factors affecting clinical uptake of remote hearing aid support 

by pediatric and adult-focused clinicians (Glista et al., 2020), and for understanding factors 

in hearing aid uptake (Poost-Foroosh et al., 2011) and management (Bennett, 2019; Bennett 

et al., 2018) from both client and clinician perspectives. Concept mapping was chosen in 

this study as a method for examining factors affecting preference for technology levels in 

hearing aids. 

Concept mapping can also be used in scale development by providing a more detailed 

understanding of the constructs of focus, resulting in a conceptual framework prior to the 

development of the scale and, therefore, content validity (Rosas & Camphausen, 2007). 



71 

 

This can address the risk in scale development of including items and concepts which lack 

evidence-based validity, due to a lack of knowledge of the underlying theoretical 

framework and the relationships within (DeVellis & Thorpe, 1991). 

3.2 Methods and materials 

3.2.1 Participants 

This study included the same participants as reported in the previous chapter assessing 

outcome measures and preference differences. Participants were adult, English-speaking 

hearing aid users. Twenty-three participants (mean of 62.4 y; range: 24-78 y; 15 males, 8 

females) with a mild to moderately severe sensorineural hearing loss and at least one month 

of hearing aid experience were recruited. The study was approved by the Western 

University Research Ethics Board. All participants provided written informed consent and 

were financially compensated for their time. All outcome testing was completed in 

individual sessions by each participant, and all participants completed the full concept 

mapping procedure. 

3.2.2 Statement generation 

 

Participants were asked to provide reasons for their preferences for one type of hearing aid 

over the other in individual brainstorming sessions at the end of the second hearing aid 

trial.  The participant was given the focus prompt “One thing that influenced my preference 

for one model of hearing aid was…” and asked to respond with as many statements as they 

could provide. Once brainstorming was completed, participants were told that they could 

also reach the researchers via e-mail or telephone with more statements if they wished to 
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do so. Approximately 10 to 15 statements were elicited per participant. The statements 

were collated across the entire group, and duplicate statements were removed. The 

resulting list of unique statements were edited for grammatical and syntactical equivalence 

and coherence while ensuring that the underlying meaning of the statements were not 

changed. 

3.2.3 Sorting 

A follow-up session was conducted once all participants had completed brainstorming. 

Participants sorted the collated, edited statements that were generated. Sorting was done 

individually on a provided touchscreen monitor using GroupwisdomTM software (Concept 

Systems, 2019). The participants were oriented to the drag-and-drop interface, and asked 

to sort the statements into categories, or “clusters” based on common ideas or themes, but 

not on perceived importance. Participants were also asked to create a name for each 

category using the underlying theme of the statements within. A training example related 

to features in high- versus low-featured commercially available cars was provided verbally 

to clarify the tasks. The researchers were available throughout this session to clarify the 

meaning of any of the statements upon request, or to assist with the software interface.  

3.2.4 Rating 

Once the statements were sorted into categories, the participants were directed to the 

statement rating activity in the same software. Here, they were asked to rate each statement 

based on the prompt “How important is this factor when choosing a hearing aid?”. Ratings 

were done on a 5-point Likert scale of importance with 1-5 corresponding to “not 

important”, “slightly important”, “moderately important”, “very important”, and 

“extremely important”.  
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3.3 Data analysis & representation 

Behavioral and subjective outcome statistical analyses were completed using the R 

statistical software. Linear mixed models were used for most outcome measures. Concept 

mapping data analysis and graphical representation were completed using the 

GroupwisdomTM software. The software first placed each statement in a two-dimensional 

space using multidimensional scaling, based on the sorting results (how closely statements 

were sorted together). Then, multiple cluster solutions were generated to group the 

statements using hierarchical cluster analysis. Two audiologists not involved in the 

outcome measurement portion of this study were invited to help determine the appropriate 

cluster solution (further details below). 

3.4 Results 

A total of 83 unique statements were generated during the brainstorming stage, and these 

statements were sorted based on common meaning and then rated in importance by all 

participants in the sorting and rating stages. 

3.4.1 Cluster analysis 

The creation of the cluster map followed published methods (Kane & Trochim, 2007). A 

similarity matrix was created from the sorting data which represents the number of times 

each statement was sorted with all other statements. Non-metric multidimensional scaling 

was used to create a two-dimensional point map with the distances between the statements 

based on the similarity matrix (i.e., how many times they were sorted together). Although 

similarity cut-offs can be used to exclude random sorting, no similarity cut-off was used, 

so the point map presented represents all statement sorting combinations. The stress value 
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is a diagnostic statistic measuring how well the distances between the points on the map 

represent the original input matrix taken from the sorting data. A large stress value indicates 

a large discrepancy between the input data and the resulting map, and that the map is not a 

suitable representation of the sorting data (Kane & Trochim, 2007; Kruskal & Wish, 1978). 

For our map, the stress value calculated was 0.219, which is within the normally accepted 

range (0.205 to 0.365) (Kane & Trochim, 2007) indicating that the point map is a suitable 

representation of the data (Trochim, 1993). The split-half reliability of the sorts in this 

study was found to be 0.80. This is slightly below the average reported split-half reliability 

of 0.86 found across 69 studies in a meta-analysis by Rosas and Kane (2012), but well 

above the lowest reported split-half reliability of 0.65. Cronbach’s alpha was also 

calculated to determine the internal reliability of the rating data by comparing the average 

correlation of the rating items.  The resulting Cronbach’s alpha score of 0.93 suggests high 

internal consistency (Rosas & Kane, 2012). 

Following multidimensional scaling, a hierarchical cluster analysis was conducted, based 

on the sum of the squares of the distances between the points on the point map (Kane & 

Trochim, 2007). This leads to the creation of groups (clusters) of points that reflect the 

number of times that statements were sorted together, which originally determined their 

position on the point map. The process requires careful selection of an appropriate cluster 

solutions because multiple solutions are generated. For this study, solutions ranging 

between 6 and 9 clusters were reviewed. Members of the combined researcher and external 

audiologist team were given access to the final list of generated statements along with plots 

of the possible cluster solutions for review and met as a group after interpreting the 

sensibility of the different cluster solutions based on the process outlined by Kane & 
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Trochim (2007). The researcher group chose the 9-cluster solution (Figure 3-1a) and came 

to a unanimous consensus on the name of each cluster based on the contents and an analysis 

of the names given to the clusters by the participants during the sorting stage. The cluster 

names, overall themes, and example statements from each cluster are presented in Table 1.  
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Table 3-1 List of the different cluster names, their overall themes, total number of statements, example statements, and average 

bridging values. 

Cluster name Overall theme Number of 

statements 

Example statement (s) Average bridging value 

Feedback Issues related to acoustic 

feedback and how the 

hearing aid manages these 

15 

“Less feedback (whistling)”  

0.46 

 

Sound quality & intelligibility Factors related to audibility 

sound/speech quality 
11 

“The audibility of high-pitched sounds”  

0.17 

 

Multi-environment functionality The hearing aid features’ 

performance in different 

acoustic environments 

 

7 

“The directional microphones of the hearing aid 

worked well” 

 

0.5 
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User-controlled DSP (app) The ability to control the 

digital signal processing of 

the hearing aid through the 

smartphone application 

9 

“Having access to the phone app’s directionality 

steering feature” 

 

0.35 

 

Streaming Factors related to the 

music/call streaming 

feature of the hearing aid 

14 

“The ability to listen to music through the phone 

directly into my hearing aids” 

 

0.38 

 

Convenience & connectivity Overall technological 

convenience (such as 

remote care) and accessory 

compatibility 

7 

“The ability to contact the hearing professional 

through the app” 

“Having remote control (fob) compatibility” 

 

0.42 
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Ease of use The general simplicity of 

the hearing aid use 

experience 

7 

“Ease of use; not too technically complex to use”  

0.58 

 

Comfort & appearance Physical comfort of 

wearing the HA and how 

they look 

9 

“The ease of putting the hearing aids into the ears”  

0.23 

Complex factors Factors which can be linked 

thematically to more than 

one cluster depending on 

experience 

 

4 

“The amount of frustration caused by the hearing 

aid” 

“Noticeable changes when switching programs” 

 

0.81 
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Visual interpretation of the cluster map shows that certain areas of the map contain clusters 

with a related concept. For example, the right side of the map comprises clusters related to 

the hearing aid’s signal processing and higher technology features, such as “multi-

environment functionality” and smartphone/tablet application-based “user-controlled 

DSP”.  The top portion of the map contains clusters related to the sound of the hearing aid, 

such as “feedback” and “sound quality & intelligibility”. The bottom left of the map 

contains one cluster representing the physical “comfort & appearance” of the hearing aid. 

The “complex factors” cluster is centrally located due to its interrelatedness to different 

areas of the concept map (explained further below).  
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Figure 3-1 (a) Nine-cluster solution of the 83 statements. Cluster names are representative of 

the overall theme of the cluster statements. Individual points each represent one statement. 

(b) Cluster rating map of the 83 statements. Cluster names are representative of the overall 

theme of the cluster statements. Each cluster’s average statement rating from 1 (not 

important) to 5 (extremely important) is shown within the cluster. Clusters with more depth 

are of relatively higher average importance. 

 

To determine how interconnected the statements (and therefore, the clusters) in the map 

are, the bridging value is used. This is a value from 0 to 1 assigned to each statement which 
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represents the likelihood of the statement to be sorted with other statements nearby in the 

multidimensional map (Kane & Trochim, 2007). A value closer to 1 indicates that 

statements in a cluster were regularly sorted with non-adjacent statements, thus bridging 

between different parts of the map. Conversely, a lower bridging value means that the 

statement was more likely to be placed with statements within its cluster during the sorting 

activity. The bridging values of the clusters in this study ranged from 0.17 to 0.81. The 

bridging value of each cluster is also reported in Table 1. A wide range of cluster bridging 

values, based on the conceptual complexity of each cluster, has been reported in different 

concept mapping studies (Donohoe et al., 2020; Sjödahl Hammarlund et al., 2012). This 

difference in conceptual complexity can explain the highest and lowest bridging clusters, 

“complex factors” and “sound quality & intelligibility”, respectively. The statements 

within the lowest bridging cluster, “sound quality & intelligibility”, are all conceptually 

related to one another and were regularly sorted together. The highest bridging cluster, 

“complex factors”, is comprised of statements which are conceptually linked by the fact 

that their sorting placement depends on each participant’s unique hearing aid experience. 

For example, the statement “the amount of frustration caused by the hearing aid” could be 

sorted into different clusters depending on a participant’s individual experience and 

perceived sources of frustration. Clusters containing highly bridging statements are 

typically placed in an central position by the concept mapping software (Kane & Trochim, 

2007), as is seen with the “complex factors” cluster. 

3.4.2 Importance ratings 

All statements were rated by each participant on a 1-5 Likert scale in response to the prompt 

“How important is this factor when choosing a hearing aid?”. Using the average rating 
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score for the statements in each cluster, the cluster map can be modified to represent each 

cluster’s average importance for the overall participant group (Figure 5b). 

The overall cluster rating map indicates that certain clusters were of higher average 

importance to the overall participant group, based on the results of the rating activity. 

Factors related to audibility (sound quality & intelligibility), the physical comfort and 

appearance, and the ease of use of the hearing aids were found to be, on average, of the 

highest importance to the overall participant group. This indicates that regardless of 

participants’ technology level preferences, they prioritized the physical comfort and 

appearance of the hearing aid and the audibility it provides over other features. 

3.4.3 Subgroup analysis 

Recall that not all participants had the same overall preference (entry-level or premium). It 

was therefore of interest to determine whether entry-level and premium choosers had 

differences in their concept maps and relative cluster importance ratings. It is possible to 

assess this using a pattern match diagram. This is a ladder graph representation which 

allows the comparison between different participant groups’ cluster importance ratings: 

clusters higher on the ladder have higher relative importance. A pattern match analysis was 

conducted between the study participants who preferred the premium (n = 19) and entry-

level (n=4) hearing aids, displayed in Figure 6, with stars indicating clusters that differ 

significantly in average rating between the groups. 
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Figure 3-2 Pattern match diagram of the cluster importance ratings for ratings made 

by entry-level (left) and premium hearing aid choosers (right). Clusters displayed 

higher on the ladder have higher average ratings on the 5-point Likert rating scale. 

Maximum and minimum scores are displayed on the top and bottom of the ladders, 

respectively. Stars indicate clusters with significantly different ratings between the 

groups. 

Overall, there was a moderate correlation between average cluster importance across the 

two participant groups (r = 0.66, p < 0.05). Paired t-tests showed that the clusters which 

were rated as significantly more important to the premium hearing aid choosers were: 

“User-controlled DSP (app)” (t (12) = 4.19, p < 0.01), “Streaming” (t (16) = 3.10, p < 0.01), 

and “Convenience & connectivity” (t (26) = 3.37, p < 0.01). This suggests that having 

access to these premium-level features was important to premium-preferring participants 

when considering a new hearing aid. 
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3.5 Discussion 

This study aimed to identify the factors contributing to the significant preference for the 

premium hearing aids described in chapter 2. The concept mapping procedure resulted in 

83 unique statements which were sorted into 9 distinct feature clusters by the study 

participants. These feature clusters were then rated based on importance. 

3.5.1 Concept mapping 

We used concept mapping (Trochim & Kane, 2007) to gain insight into the reasons 

underlying significant preferences for one aid over the other. The study resulted in a 

detailed concept map outlining the factors affecting these user preferences and the 

importance of each of these factors relative to one another. The map was found to be 

reliable with high internal reliability and consistency in the rating data. 

The resulting map clustered the different 83 different ideas related to hearing aid preference 

into nine distinct themes. These related to audibility and signal processing such as sound 

quality, intelligibility, and feedback, and to non-audiological issues such as having access 

to a smartphone app and physical comfort and appearance. Because concept mapping is 

non-orthogonal, clusters could be correlated to one another (represented by the bridging 

values). The statements within the lowest bridging cluster, “sound quality & intelligibility”, 

are all conceptually related to one another and were regularly sorted together. The highest 

bridging cluster, “complex factors”, is comprised of statements which are conceptually 

linked by the fact that their sorting placement depends on each participant’s unique hearing 

aid experience. For example, the statement “the amount of frustration caused by the hearing 

aid” could be sorted into different clusters depending on a participant’s individual 
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experience and perceived sources of frustration. This is consistent with the complexity of 

hearing aid use, which may be affected by many individual factors. 

3.5.2 Feature importance 

Across all age-groups, certain feature themes were rated more highly than all other features 

in terms of importance, regardless of preference between entry-level or premium hearing 

aids. These were physical comfort & appearance, sound quality & intelligibility, and ease 

of use, the top three highly rated clusters in importance for both groups. This is consistent 

with previous literature, as several similar observations have been made in large-scale 

studies of factors associated with positive hearing aid outcomes and user satisfaction 

(Baumfield & Dillon, 2001; Hickson et al., 2010; Humes, 2003; Humes et al., 2017; Kumar 

et al., 2000; Meister et al., 2001; Meyer, Hickson, Khan, et al., 2014; Picou, 2020), as well 

as investigations of issues experienced by hearing aid users (Solheim et al., 2018), and 

barriers to success for hearing aid users (Meyer, Hickson, & Fletcher, 2014). With only 

one of the highest rated clusters being strictly related to audibility, our findings are also 

consistent with recent findings by Zhu et al. (2020) who reported multiple non-signal 

processing factors that were significantly associated with hearing aid preference. The effect 

of non-signal processing features on preference highlights the importance of non-DSP as 

well as DSP features in the overall hearing aid experience.  

In addition, our findings identified a difference in priorities between individuals who 

preferred the higher and lower ends of the hearing aid technology spectrum. The clusters 

which differed significantly in importance between the premium and entry-level choosers 

were: (1) user-controlled DSP through the smartphone application, (2) convenience & 

connectivity, and (3) streaming ability. This is noteworthy, as these feature clusters consist 
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of features more commonly found in premium hearing aids. It is, however, important to 

also note that further technological advancement will likely see an increase in their 

accessibility in lower and mid-range technology levels. Within the context of our data, this 

suggests that the inclusion of these advanced connectivity non-DSP features significantly 

influenced the preference choice for the premium hearing aids. These findings can also 

help to explain the difference between our preference results and those of previous studies 

that controlled for both form factor and accessories (Cox et al., 2016; Johnson et al., 2016; 

Wu et al., 2019). In contrast, we implemented a study design which included using hearing 

aids at different technology levels for both audiological and non-audiological features, such 

form factor and smartphone application access, represented by the “comfort and 

appearance” and “user-controlled DSP (app)” clusters, respectively. The inclusion of these 

feature differences may therefore relate to the preference results, as some of these features 

(e.g. smartphone application access) were rated highly by participants who preferred the 

premium hearing aids. Interestingly, four participants who preferred the premium hearing 

aid preferred the physical form factor of the BTE. While anecdotal, this further indicates 

that, while comfort & appearance is one of the major drivers of preference, other factors 

also may contribute. This also supports the need for individualized fittings and 

consideration of preferences of all features in the decision-making process. 

Furthermore, the findings of this study suggest that, for hearing aid users, certain features 

are more important than others. The participants assigned the highest importance 

weightings to the clusters related to the “basics”, such as good audibility and speech clarity 

by their hearing aids, having a comfortable physical fit, and not having a complicated 

device. This supports previous literature which reported that a lack of audibility benefit 
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from the hearing aids or the device being too complicated reduces user satisfaction and 

leads to discontinuation of use (Kochkin, 2000; Lupsakko et al., 2005). Our preference 

results were gathered in a context in which these basic fitting needs were according to best 

practices with each device, yet users still recognized their importance when assigning 

importance weightings to these factors. This suggests that hearing aids at all technology 

levels continue to require basic audibility, physical fit, and ease of use as a priority over 

any advanced features. 

Within this context, the majority of our participants also valued more technologically 

advanced features on their hearing aids, such as the ability to stream calls and music, the 

ability to contact the hearing aid professional and have remote fitting changes made, and 

access to a smartphone application allowing setting modification. In today’s hearing aids, 

these are considered non-DSP examples of technology features, and contribute to the 

assignment of technology level (Cox et al., 2016). The concept maps in this study suggest 

that these features should therefore be given specific consideration when measuring 

hearing aid preference. 

3.5.3 Implications for patient care 

Consideration of patient desires and preferences in the decision-making process is an 

accepted part of person-centered care (Leplege et al., 2007). Person-centered care plays a 

role in mitigating post-treatment regret and improving satisfaction (Mulley et al., 2012), 

along with increasing patient compliance (Bratzke et al., 2015). Furthermore, a better 

understanding of preference can improve the efficacy and cost-effectiveness of treatment 

choices (Brennan & Strombom, 1998). Moreover, differences between patients can be 

more easily determined, improving the decision-making process in their treatment 
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(Marshall et al., 2017). Specifically, in a clinical hearing care setting, Poost-Foroosh et al. 

(2011) reported the influence of a patient-centered interaction, and the consideration of 

patient needs on hearing aid uptake. This is especially relevant with modern hearing 

devices, as consumers today are faced with a plethora of choices regarding hearing aid 

types and features.  

This study resulted in a conceptual framework delineating the different aspects of hearing 

aid user preference and displaying how these factors influence preference between different 

technology levels. These include variations of both DSP and non-DSP features, both of 

which were shown in this study to influence hearing aid preference. Within a clinical 

context, the findings of the current study highlight the necessity for appropriate 

consideration and best-practice selection of these features. This may include obtaining 

patient input regarding available variations in feature technology including form factor, 

streaming, apps, remote connectivity, and accessories. This provides conceptual areas upon 

which user preference can be measured. Having the ability to assess hearing aid user 

preference and understanding the influence of different features may be relevant to the 

incorporation of patient preference in the hearing aid selection process, leading to a more 

individualized and person-centered fitting which can ultimately improve overall patient 

satisfaction and hearing aid success.  

3.5.4 Limitations 

This study had some limitations to be addressed. The concept map was created with mostly 

older adult participants who had similar hearing losses and the hearing aids represented 

only two hearing aids from one manufacturer. Therefore, the generalizability of this 

concept map to hearing aids from other manufacturers and across larger age groups and 
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hearing loss types requires further investigation. This is also indicative of a larger limitation 

within concept mapping in which participant contribution is limited only to their specific 

perspective (in this case, hearing aid users) and will likely not be a comprehensive 

representation of the content related to the area of focus (Rosas & Ridings, 2017). This can 

be alleviated by supplementing the brainstorm results to expand the comprehensiveness of 

the concept map.  

In addition, because this study did not investigate the preference between the hearing aids 

in a purchase context, the hearing aids cost was not included in our study design. Therefore, 

the results reflect preferences in the absence of user perception of cost and may not 

generalize to other contexts. The effect of hearing aid cost on user satisfaction is a 

contentious matter, with different reports of an cost negatively influencing satisfaction 

(Kochkin, 2005), higher cost correlating with higher satisfaction (Picou, 2020), and cost 

having no effect on satisfaction (Humes et al. 2017). The role of cost may therefore be 

important for future studies. Furthermore, while rating data suggested the importance of 

having access to smartphone related features when considering a new hearing aid, we did 

not log participant use of these features and thus do not know how often they were used. 
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Chapter 4  

4 Development and initial evaluation of the Hearing Aid 

Feature Importance Evaluation (HAFIE) questionnaire 

4.1 Introduction 

4.1.1 Hearing aid selection 

Hearing aid development has led to the evolution of a hearing aid from a simple listening 

instrument to a complex device with many available features. Furthermore, features differ 

in complexity between hearing aids at the upper and lower levels of the technology 

spectrum (Lansbergen & Dreschler, 2020). Digital signal processing features can differ 

between basic and advanced hearing aids: advanced aids are more likely to offer more 

complex DM, NR, and compression technologies,  with more accurate environmental 

adaptation and a higher number of channels  (Cox et al., 2016; Lansbergen & Dreschler, 

2020; Wu et al., 2019). Product variation is not solely limited to digital signal processing 

technology, but also includes non-signal processing features such as form factor and 

smartphone compatibility (Saleh et al., 2021). Non-signal processing factors have been 

shown to influence user preference, with previous literature showing that both DSP and 

non-DSP features may contribute to hearing aid user satisfaction (Meister et al., 2001; 

Picou, 2020; Zhu et al., 2020), but also to the cost of hearing aids. 

This increase in hearing aid complexity may impact the hearing aid selection process. 

Hearing aid selection has been an area of clinical practice for much of the history of hearing 

aid development and use (Audiology Practice Standards Organization, 2021; Carhart, 

1950; Valente et al., 2006). In today’s hearing aids, the hearing aid selection process must 

consider the increased complexity of the hearing aid user experience and the multitude of 
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features at different levels of the technology spectrum, including but not limited to the 

frequency response of the hearing aid (Keidser et al., 2011; Scollie et al., 2005). Although 

having access to different technology-level features has been shown to influence user 

preference for hearing aids technology level (Saleh et al., 2021), previous literature has 

found that hearing professionals may not base their technology level recommendations on 

benefit, but instead are most significantly influenced by their own perception of the 

patient’s lifestyle and activity levels, among other factors (Gioia et al., 2015). For this 

reason, systematic approaches to hearing aid selection are recommended (Audiology 

Practice Standards Organization, 2021; Turton et al., 2020) but validated tools are lacking. 

One possible category of tool is subjective questionnaires, discussed further below. 

4.1.2 Questionnaire use in assessment of hearing aid candidacy, 

preference, and outcome: 

 

Questionnaires have been developed to assess a wide range of patient perspectives, such as 

expectations, subjective experiences, and opinions. Questionnaires can be used at different 

points of the hearing aid user experience (selection/candidacy, pre-fitting, or post-fitting). 

Many hearing aid questionnaires exist to measure hearing aid benefit, performance, and 

satisfaction. These include the Glasgow Hearing Aid Benefit Profile (GHABP, Gatehouse 

1999), the Satisfaction with Amplification in Daily Life scale (SADL, Cox & Alexander 

1999), the Client-Oriented Scale of Improvement (COSI, Dillon et al. 1997) the Hearing 

Aid Performance Questionnaire (HAPQ, Gatehouse et al. 2006), the International Outcome 

Inventory for Hearing Aids (IOI-HA, Cox & Alexander 2002), and the Abbreviated Profile 

of Hearing Aid Benefit (APHAB, Cox 1997). These hearing aid questionnaires (and 
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others), however, are focused on aspects of the hearing aid experience outside of hearing 

aid selection, such as user satisfaction or benefit from hearing aids.  

The abundance of choice in modern hearing aid features, along with a lack of an evidence-

based methodology in selection may increase the relevance of and need for a tool to aid 

hearing care professionals and patients in selecting an appropriate hearing aid based on 

self-reported patient needs. There are questionnaires designed specifically to address this: 

The Hearing Aid Selection Profile (HASP; Jacobson et al., 2001) and, more recently, the 

Characteristics of Amplification Tool (COAT; Sandridge & Newman, 2006). These 

include ratings of subjective factors such as patient motivations, opinions, and attitudes 

regarding different aspects of hearing aid use including perceived communication needs, 

cosmetics, cost, and technological sophistication. These questionnaires successfully 

incorporate patient input into the selection process and provide a structured methodology 

to elicit patient perspectives in pre-fitting candidacy and selection. However, the questions 

regarding technology focus more heavily on patient attitude towards technology rather than 

specific hearing aid features. Furthermore, the questions may not represent current hearing 

aid features because of technology changes since the development of the questionnaires. 

In summary, these questionnaires may provide hearing professionals with overall patient 

attitude information to inform hearing aid selection, but this may not measure patient 

preferences for specific, modern hearing aid features that drive cost, function, and that may 

relate to overall preference of technology level. 

More recently, online hearing aid selection tools have been made available which are aimed 

at helping potential hearing aid users choose devices appropriate to them. One such 

example is the Help Me Choose tool offered by HearingTracker 
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(https://www.hearingtracker.com/hearing-aids/personalized-match-survey), which 

addresses some of the issues found in using the HASP and COAT by including modern, 

specific examples of technologies in its assessment of what the respondent finds important 

to have in their hearing aid. It has also proved to be a valuable research tool, allowing 

collection of information regarding hearing aid user preferences and attitudes. The large 

number of respondents has allowed studies of user preferences, behavioral trends, and 

expressed opinions (Heselton et al., 2022; Manchaiah et al., 2020; Manchaiah, Picou, et 

al., 2021; Manchaiah, Swanepoel, et al., 2021). 

To the author’s knowledge, however, of these tools, only the developers of the HASP have 

published the process of item development and questionnaire evaluation. Therefore, the 

aim of the current study was to develop a feature-driven preference assessment tool, 

following well-established test construction methodologies. 

4.1.3 Current study 

 

In this study, a novel questionnaire called the Hearing Aid Feature Importance Evaluation 

(HAFIE) was developed. The aim of this self-administered questionnaire is to gather 

patient attitude and self-reported importance ratings for different modern hearing aid 

features, to assist with hearing aid selection. The concepts driving hearing aid preference 

(Saleh et al., 2021) were used as the conceptual foundation for the constructs in the HAFIE. 

The steps in the development of the questionnaire were as follows, and each is described 

further below: 
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1. Construction of a first version based on the concept map. 

2. Conducting a series of focus group and interviews with clinicians to review the 

clinical purpose of the questionnaire and the first version items. 

3. To revise the first version based on focus group input, with the aim of developing 

a pre-fitting questionnaire-based tool for assessing feature-specific preferences that 

is compatible with modern hearing aids, and that can be self-administered. 

Distribution of the reviewed version using online distribution. 

4. Analysis of the questionnaire results from the online distribution: item evaluation, 

internal factor structure, and internal consistency. 

5. The creation of a final, shortened questionnaire based on the analysis results. 

4.2 Methods 

4.2.1 Initial questionnaire design 

4.2.1.1 Item design and questionnaire format 

 

As a framework for the initial version of the questionnaire, the thematic dimensions 

(clusters) identified by Saleh et al., (2022) were analyzed and used as thematic subscales. 

Statements within these clusters, and the features which they represent, were reworded to 

produce a list of questions within each of these subscales. Duplicates and statements 

referring to the same features were excluded. Some current hearing aid features were not 

present in the hearing aids used in the preference study and were thus not identified in the 

resulting concept map. For the questionnaire to have a comprehensive list of features within 

each subscale, an environmental scan of currently available features was conducted, and 

questions added to represent additional features (e.g., step counting, falls detection). The 
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questionnaire items were worded to ensure a similar format, clarity, and suitability for a 

Likert scale, according to the suggestions by Dillman et al. (2014).  

A subsection for the collection of demographic information was included at the start of the 

questionnaire. This allowed the analysis of demographic variables including: respondent 

age, hearing aid experience, and features of previous hearing aid worn (if applicable). 

Each question contained the prompt “How important is this to you if deciding on a new 

hearing aid to use?”, with a 5- point unipolar Likert scale including the responses “Not 

important at all”, “Slightly important”, “Moderately important”, “Very important”, and 

“Extremely important”. The use of a 5-point scale and the decision to allow a neutral 

response is debated (Garland, 1991), however Krosnick and Presser (2009) recommend 5-

7 point scales over 3-point scales to produce reliable results.  

The order of items in a questionnaire is an important factor to consider (Simon et al., 2003). 

We grouped the questions into their subscales, according to the suggestion by Wilson & 

McClean (1994). Walker (1996) suggests placing more sensitive items in the middle of the 

questionnaire to increase compliance; however, due to the non-sensitive nature of this 

questionnaire’s items, the subscales, and items within them were placed in a random order.  

4.2.1.2 Focus group(s) and focused interviews 

 

The aim of this stage of the study was to assess clinician attitudes about the need for a pre-

fitting hearing aid selection questionnaire, and to gather suggestions about what should be 

included in such a questionnaire. Ten experienced hearing care professionals (mean of 38.6 

years old, range: 26 -53y; 1 male, 9 females; clinical experience: mean of 16.7 years, range: 
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1 – 27 years) were recruited via email recruitment and word of mouth. Three focus groups 

and one focused interview were conducted, with the sessions involving four, three, two, 

and one participant (s), respectively. These sessions were scheduled to accommodate 

participant availability. The focus groups were conducted virtually, with two researchers 

present as moderators. Recommended focus group best practices were followed (Krueger 

and Casey, 2002), with a semi-structured group interview style, where all participants were 

given the opportunity to share their opinions by opening the focus group with inclusive 

ground rules, and using follow-up prompts throughout the session to elicit a wide range of 

responses. Interview questions related to questionnaire use in practice, the feasibility of a 

hearing aid selection questionnaire, a desirable length/number of questions, and what 

hearing aid technologies and features should be included. Focus group participants were 

also shown the first version questionnaire containing a list of possible questions for their 

review. Features suggested by the hearing care professionals were considered for addition. 

All sessions were audio-taped and transcribed. The study was approved by the Western 

University’s Research Ethics Board (project # 119016). 

The opinions gathered in the focus group were used to modify the initial draft version of 

the questionnaire and resulted in a questionnaire consisting of 34 items, shown in Appendix 

D.  

4.2.2 Questionnaire evaluation: factor structure, validity, and reliability 

 

4.2.2.1 Sampling 
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The questionnaire was implemented in an online administration tool (Qualtrics). 

Participant inclusion criteria included individuals aged above 18 years with a self-reported 

hearing loss. Participation was anonymous, and participants were allowed to skip any 

questions after consenting to take part in the survey. Participant recruitment for the 

validation of this questionnaire was primarily conducted via internet recruitment, including 

social media (LinkedIn, Twitter, and Facebook) and by posting invitations to participate 

on online hearing aid user forums. Recruitment emails were also sent to hearing care 

professionals within the researchers’ professional network to circulate to patients and 

colleagues, and through word of mouth.  

4.2.2.2 Sample size estimation 

 

Sample size requirements for validation and factor analysis vary. For example, some 

recommend a participant to item ratio, ranging between 5:1 to 10:1 or 20:1 (Akkuş, 2019; 

Costello & Osborne, 2005; Hair, 2009), while others recommend minimum participant 

numbers, ranging between 100 and 500 participants (Goretzko et al., 2021; Hair, 2009; 

Howard, 2016). However, there have been criticisms of these (Akkuş, 2019; Gaskin & 

Happell, 2014), as they do not necessarily consider the quality of the data collected or the 

interaction between different characteristics of the data. Attributes such as the number of 

items, number of factors determined, factor loadings, number of items per factor, and the 

measured item communalities are all reported to influence the minimum sample size 

required for an appropriate factor analysis (Gaskin & Happell, 2014; Howard, 2016; 

Watkins, 2018). Mundfrom et al. (2005) recommend different minimum sample sizes 

based on the number of items per factor extracted and the communalities of the items. The 
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target sample size in this study was to recruit the greater of 200 participants or a 5:1 

participant to item ratio (corresponding to 170 participants in this questionnaire), a 

conservative cut-off recommended by Howard (2016), with follow-up assessment of data 

quality following published guidelines (Costello & Osborne, 2005; Hinkin, 1998; Howard, 

2016).   

 

4.2.2.3 Factor structure evaluation 

 

Exploratory factor analysis (EFA) is a technique used to identify patterns in the data 

between the different items and their underlying constructs, therefore highlighting the 

factor structure of the data. This is a common step used in questionnaire development to 

determine questionnaire subscales  (Howard, 2016), and has been used in hearing 

healthcare-related questionnaire development (Singh et al., 2019). In this study, the 

Principal Axis Factoring method (PAF) was used. This is due to reports of PAF being more 

suitable for EFA than Principal Component Analysis (PCA) due to more accurate 

accounting of correlation structure and more realistic variance assumptions (Costello & 

Osborne, 2005). Prior to exploratory factor analysis (EFA), the Kaiser-Meyer-Olkin 

(KMO) measure of sampling adequacy (Kaiser, 1970) and Bartlett’s Test of Sphericity 

(Bartlett, 1950) were conducted to assess data quality. The Bartlett’s test of sphericity was 

significant (χ2 (561) = 3412.15, p<.001). The result of the KMO Measure of Sampling 

Adequacy was 0.87, a satisfactory value and well above the suggested 0.60 minimum 

before performing an EFA (Dziuban & Shirkey, 1974; Kaiser, 1970). These results support 

continuing with EFA by disproving assumption violations, namely that there are no 
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common variances between the items in the dataset, and that the dataset is not significantly 

different from an identity matrix (Dziuban & Shirkey, 1974; Howard, 2016). All statistical 

analyses were conducted using the SPSS version 28 software.  

 

 

 

4.3 Analysis 

4.3.1 Data cleaning & missing data replacement 

Typically, some items in a questionnaire will be skipped by participants, resulting in 

missing data. Without replacement of this missing data, conducting the factor analysis 

would require deletion of the incomplete respondents’ results, which reduces the statistical 

power of the data and introduces bias (Nakagawa & Freckleton, 2008). Therefore, we 

addressed the missing responses before conducting factor analysis. Prior to this, the nature 

of the missing data must be assessed, Missing data can be classified as missing completely 

at random (MCAR), missing at random (MAR) or missing not at random (MNAR) (Dray 

& Josse, 2015; J. W. Graham, 2009; Schafer & Graham, 2002). MCAR and MAR refer to 

the missingness of the data not being related to the unobserved data (and in the case of 

MCAR, the observed data as well) and can be classified as ignorable, allowing methods to 

replace this data. In MNAR data, however, the cause of the missingness is dependent on 

the unobserved data itself, indicating systematic issue with the data itself, and bias in the 

results (J. W. Graham, 2009). To classify if the missing data is MCAR, Little’s test of 

missing completely at random (Little, 1988) must be conducted. If the data is found to be 
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MCAR, the missing item values can be replaced by the mean of that item across all 

respondents. This is one of the simplest missing data replacement techniques (Nakagawa 

& Freckleton, 2008), and has been reported to be a suitable method of missing data 

replacement (Parent, 2013), particularly in Likert scale data (Downey & King, 1998). 

 

4.3.2 Factor analysis 

A direct Oblimin oblique rotation (delta of zero) was used, allowing correlations between 

the rotated factors (Costello & Osborne, 2005). This was selected as the appropriate 

rotation method for the questionnaire data, because preference factors for hearing aid 

features were expected to be multidimensional (Manchaiah, Picou, et al., 2021; Saleh et 

al., 2021; Zhu et al., 2020) and likely to have some correlation.  

The cluster solution was chosen using scree plot analysis and Velicer’s Minimum Average 

Partial (MAP) test. Furthermore, inspection of the different factor solutions was conducted. 

The items within the factors and factor loadings in each of these solutions were also 

assessed through a hearing care clinician’s (the researcher’s) perspective to determine their 

appropriateness. 

 

4.3.3 Item retention & removal 

To identify the items that do not represent any distinct factors well, thereby warranting 

review, the factor loadings of each item was assessed. Retention criteria is a contentious 

topic, with different recommended guidelines for primary and alternative factor loading 

requirements (Howard, 2016), and this was considered when reviewing factor loadings for 
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item removal. The criteria we used for item retention were: (1) a primary factor loading of 

0.45 (Tabachnick et al., 2019); (2) no secondary factor loadings above 0.3 (Howard, 2016); 

and (3) a minimum difference of 0.2 between primary and secondary factor loadings 

(Hinkin, 1998). Items that met these criteria were retained, and items that did not meet 

these criteria were reviewed further. 

While the suggested criterion provides guidance for item retainment, inspection of the 

items for their content and the context of their factor loadings is also recommended 

(Costello & Osborne, 2005), and was conducted. 

4.3.4 Internal reliability & consistency 

Assessment of internal reliability of the questionnaire was conducted via inter-item 

correlation. According to Clark & Watson (1995), inter-item correlation between 0.15 and 

0.50 is recommended, with anything above 0.50 indicating possibly redundant items. 

Internal consistency was assessed by measuring Cronbach’s alpha (Cronbach, 1951).  To 

identify items suitable for removal, the Cronbach’s alpha following sequential item 

deletion in each factor was assessed (“Alpha if item deleted”; Gliem & Gliem, 2003). Any 

items which improved alpha once removed were likely suitable for removal from the 

questionnaire and were subjected to review. 

4.4 Results 

4.4.1 Focus groups and focused interview 

Overall clinician feedback during the focus groups was overwhelmingly positive. 

Clinicians supported the usefulness of a modern hearing aid questionnaire in practice, as 

this can both “help new clinicians keep track of what features to offer when suggesting 
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hearing aid options” and “can give the patient a list of the features available to them before 

choosing”. It can also provide evidence of justification regarding the hearing aid 

suggestions made to the patient. Furthermore, it was suggested that having a pre-fitting 

questionnaire prior to their visit may allow the patient more time to consider their options, 

and can give their family and support system an opportunity to be involved in the selection 

process without needing to be present at the hearing care clinic. It was also mentioned that 

this questionnaire would be useful for managing patient expectations, and would therefore 

be most helpful for new hearing aid users. 

A barrier to use mentioned in each of the focus groups was the time required to complete 

the questionnaire. The requirement for the questionnaire to be short was relevant both in 

clinical and self-administration, due to lack of appointment time and patient burden, 

respectively. Clinicians suggested having online and paper versions of the questionnaire to 

facilitate its use for different participant demographics as well as in different clinical 

settings. In addition to formatting suggestions, it was also recommended to add certain 

features which are becoming more common in modern premium hearing aids (such as the 

step-counter). Furthermore, they suggested including open-ended lifestyle questions in the 

final version of the questionnaire.   

Clinician feedback was incorporated into the next version of the questionnaire prior to 

distribution to individuals with hearing loss for evaluation. 

4.4.2 Questionnaire evaluation participants 

A total of 345 individuals accessed and initiated the online questionnaire and agreed to the 

anonymous consent form, causing the software to record the instance, and ensuing 
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responses. Due to the nature of the online questionnaire, any individual could open it to 

inspect the questionnaire (including the researchers) and this would be counted as a 

response. Therefore, this number of 345 included both those not self-reporting a hearing 

loss (not the target demographic) or those with no questions completed. We therefore 

removed the responses with no self-reported hearing loss (N=57) or those with the 

questionnaire accessed but none of the 34 items in the questionnaire completed (N=114). 

This resulted in 218 responses.  

The 218 respondents included 114 females, 96 males, 3 non-binary, and 5 who did not 

complete the question regarding gender. Ages ranged from 18 to 93 years, with a median 

of 48 years. All participants self-reported a hearing difficulty. Of these, 84 participants 

reported currently using a hearing aid, while 133 did not, and 1 did not respond.  When 

asked about smartphone usage, the vast majority (207) of the participants reporting owning 

and using a smartphone, 8 did not, and 3 did not respond.  

4.4.3 Data cleaning & missing data replacement  

Within the 218 responses, 2.80% of questions received no response (7,202 out of 7,412 

item responses), which indicates a high completion rate. This ranged from 0.92% to 6.42% 

on the most to least responded to questions, respectively. Of the respondents, 37 did not 

respond to at least one question, and 181 completed the entire questionnaire.  

Little’s test of MCAR was not significant (χ2 (888) = 955.56, p > 0.05), indicating that the 

missing data can be classified as MCAR. Therefore, the missing item values were replaced 

by the mean of that item across all respondents. For our dataset, mean substitution was 

found to produce nearly identical factor analysis results (discussed below) when compared 
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to more complex missingness replacement methods, such as multiple imputation (MI) 

(Royston, 2004). This is likely due to the very low rate of missingness across the items 

(Parent, 2013) and the MCAR nature of the missing data. 

 

4.4.4 Factor analysis 

Analysis of the scree plot and the Velicer’s Minimum Average Partial (MAP) tests gave 

conflicting suggestions for the number of factors to be retained (3 and 4, respectively). 

Upon inspection, the three-factor solution was selected as being the most interpretable, as 

the fourth factor in the four-factor solution loaded too few items and had no clear clinical 

interpretation and relevance.  

 

This resulted in Factors 1 (Advanced connectivity & streaming), 2 (Physical features and 

usability), and 3 (Sound quality & intelligibility), which accounted for 29.5%, 9.3% and 

7.5% of the variance, respectively, totaling 46.3%. 

 

4.4.5 Item retention & removal 

 

A total of seven items failed to meet the factor-loading item retention criteria listed above, 

as follows.  
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Three statements (‘The app allows me to contact the hearing professional directly.’), (‘The 

hearing aid settings can be changed remotely by my audiologist without needing to visit 

the clinic physically.’) and (‘The hearing aid can count the number of steps that I take 

throughout the day’) did not have a minimum difference of 0.2 between primary and 

secondary factor loadings.  

The item (‘The hearing aids are linked so program or volume changes only need to be made 

on one hearing aid for both sides to change.’) did not load on any factors. This was also the 

case with the three items (‘having this style of hearing aid’) for ITE, RIC, and BTE hearing 

aids.  

The statements (‘The hearing aid settings can be changed remotely by my audiologist 

without needing to visit the clinic physically.’) and (‘The hearing aid can count the number 

of steps that I take throughout the day’) represent features that are relatively newly 

available in hearing aids, and which should be included in a questionnaire focused on 

current available features. This is supported by positive feedback during the focus group; 

support for the inclusion of the item regarding remote fittings was expressed (it was in the 

initial draft questionnaire), and the step-counter item was suggested by more than one focus 

group participant. Furthermore, the difference between primary and secondary factor 

loadings, although not 0.2 as the criteria above recommends, is close at 0.18 and 0.16 

respectively. Furthermore, exemplifying the contention in item removal guidelines,  these 

items would not be removed based on other alternative factor loading cut-off 

recommendations  (less than 0.32; Costello & Osborne, 2005). Therefore, these items were 

retained in the final questionnaire.  
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Out of the four items related to form factor, all except one (‘having this style of hearing 

aid’: CIC style of hearing aid) did not load on any factors and were thus excluded. 

However, removing three of the form factor choices while retaining the last would not be 

reasonable. Furthermore, introspection revealed an oversight in the design of these four 

items. Splitting the form factor inquiry between four items causes a situation not seen in 

other items in the questionnaire; the form factor items were mutually exclusive if the user 

prefers only one form factor, which causes a relation between the variance patterns across 

these four items. It was therefore decided to remove all four form factor items, and to merge 

all form factor choices into a non-Likert, ranking based, qualitative preference question in 

the next questionnaire version (i.e., ‘rank these different hearing aid types based on your 

preference’). 

Seven items were removed in total, resulting in a final questionnaire of 28 items in three 

subscales (Table 1).  
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Table 4-1 Questionnaire items in the Hearing Aid Feature Importance Evaluation subscales, and factor loading values. Table 4-1 Questionnaire items in the Hearing Aid Feature Importance Evaluation subscales, and factor loading values. 
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4.4.6 Internal reliability & consistency 

The HAFIE was found to have inter-item correlation coefficients of 0.43, 0.40, and 0.48 

on average for factors one, two and three, respectively. Upon inspection of factor three, the 

item (‘the hearing aid sound quality sounds natural.’) contributed most clearly to higher 

inter-item correlation, with a correlation above 0.60 with two other items in the factor. The 

ambiguity in the wording of this item likely contributed to this higher correlation, 

specifically to items such as (‘the hearing aid makes my own voice sound natural’). To 

alleviate this issue without removing the item and losing the distinct aspect of the hearing 

aid experience, (‘the hearing aid sound quality sounds natural.’) was reworded to (‘the 

hearing aid makes external sounds have a natural sound quality.’). 

For factors 1-3, Cronbach’s alpha was 0.90, 0.85, and 0.815, respectively. This is within 

the acceptable range of values, indicating high internal consistency between the items in 

each factor scale (Tavakol & Dennick, 2011). It was found that the Cronbach’s alpha of 

each factor only decreased if any items were removed (Alpha if deleted), ruling out the 

need for any further item removal.  

4.5 Discussion 

 

Hearing aid selection includes consideration of a complex set of features that span hearing 

aid signal processing, form factor, and other features including linkage to apps in smart 

devices. Although patient involvement in the decision-making process is considered 

preferred practice (Bratzke et al., 2015; Brennan & Strombom, 1998), few tools have been 

available to support assessment of patient preference at the selection stage. One 
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complicating factor in development and sustained use of such tools is the evolution of new 

hearing aid features over time, which may contribute to well-developed tools becoming 

outdated. This study aimed to develop a questionnaire designed to assess feature-specific 

preference from potential hearing aid users at the selection stage. The theoretical 

framework for this questionnaire was based on an end-user concept map of features that 

influence choice for one hearing aid over another, that was based on relatively current 

technology (Saleh et al., 2021), along with consideration of current evidence on features 

across brands (Lansbergen & Dreschler, 2020), and input from a focus group of 

experienced clinicians. This tool is called the Hearing Aid Feature Importance Evaluation 

(HAFIE), and was implemented as a self-directed online questionnaire. 

Initial distribution and validation of the HAFIE was completed by 218 respondents who 

self-reported as having hearing loss. The questionnaire was determined to have appropriate 

internal reliability and internal consistency, as well as a stable internal factor structure. 

Furthermore, the questionnaire achieved face validity and construct validity.   

Assessment of the item factor loadings in parallel with inspection of their content led to 

the removal of seven items from the original questionnaire, resulting in a 28-item shortened 

questionnaire, called the Hearing Aid Feature Importance Evaluation (HAFIE). The 

HAFIE includes three subscales (derived from the factors) which correspond well to the 

cluster themes identified in our prior concept mapping study (Saleh et al., 2021):  

“Advanced connectivity & streaming”, “Physical features & usability”, “Sound quality & 

intelligibility”. Specifically, statements contained within the same factor were more likely 

to be found in neighboring, related clusters in the published concept map. For example, 

Factor 1 (‘Advanced connectivity & streaming’) contained items derived from statements 
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in the clusters “app-based DSP”, “streaming”, and “convenience & connectivity” (Saleh et 

al., 2021). In the previous study, these features differentiated hearing aids at different ends 

of the technology spectrum and are therefore relevant to selection of hearing aids at 

different cost levels. Similarly, Factor 2 (‘Physical features & usability’) contained items 

derived from statements in the adjacent “Comfort & appearance” and “Ease of use” 

clusters. Factor 3 (“Sound quality & intelligibility”) contained items from a single 

identically named cluster in the concept map. 

 

4.5.1 Implications in audiology 

 

Questionnaires are used to assess the attitudes and opinions of hearing aid users. While 

hearing aid questionnaires are widespread in use, they vary both in terms of the specific 

aspect of the hearing aid user experience as well as the stage in the patient journey 

(assessment/selection/pre-fitting/post-use) being assessed. While there is a wide range of 

validated questionnaires that measure hearing aid benefit, performance, and overall user 

satisfaction, there are few published questionnaires developed for use at the hearing aid 

selection stage. This stage of the patient journey is characterized as a “needs assessment” 

within recently-developed clinical practice guidelines (Audiology Practice Standards 

Organization, 2021). 

The Hearing Aid Selection Profile (HASP; Jacobson et al., 2001) and the Characteristics 

of Amplification Tool (COAT; Sandridge & Newman, 2006) questionnaires were designed 

to fill the gap in hearing aid selection tools. However, these questionnaires were not 
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focused on specific hearing aid feature selection, instead gathering data on user attitudes 

towards technology in general, as well as other factors such as cosmetics and 

communication needs. Moreover, these were created prior to the development of many 

current hearing aid technologies, which may limit their utility with today’s hearing aid 

technological landscape.  

Other available online tools, namely HearingTracker’s Help Me Choose tool 

(https://www.hearingtracker.com/hearing-aids/personalized-match-survey) better address 

the previous tools’ datedness and their lack of technology-specific questions. However, the 

theoretical framework behind the items and subscales in these tools and any steps taken to 

validate them are unknown at this time. However, inspection of the items in the Help Me 

Choose tool reveals some similarities with the items developed in this study via concept 

mapping and the subsequent focus group process, which may be supportive of validity in 

both Help Me Choose and the HAFIE. This also highlights the importance of these 

technology-specific questions in modern hearing aid selection. 

This study developed the HAFIE, a shortened questionnaire that measures hearing aid 

feature importance. The HAFIE may address the need for a hearing aid selection tool for 

clinical use, by providing a structured process of incorporating patient input into the 

hearing aid selection process, allowing potential hearing aid users the ability to evaluate a 

wide range of hearing aid features that vary between hearing aid models and cost levels.  

4.5.2 Limitations 
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The number of participants who did not complete the questionnaire (no hearing loss, no 

responses) nearly matched the number of adequate responses. Given that the survey 

invitations were sent to professional communities, we speculate that many of these were 

audiologists who were wishing to see the questionnaire. However, we don't know that so 

this could also flag low feasibility for some users. 

The sample size was adequate for performing an exploratory factor analysis aimed at 

identifying the factor structure of the dataset. However, to verify and validate the factor 

structure, confirmatory factor analysis (CFA) is recommended (Harrington, 2009).  CFA 

should be done on a different sample than the EFA to have accurate results, so this 

conformation could be a future direction Similarly, while other forms of reliability were 

assessed, test-retest reliability for the questionnaire was not assessed in this study and 

remains to be evaluated. 

Although the content of the questionnaire was judged as appropriate by the overall positive 

feedback from the hearing care professionals during the focus group, content validity has 

not been formally assessed. A content validity index calculation (Martuza, 1977) should 

be conducted on the individual items and the subscales of the final version of the 

questionnaire. 

Lastly, the relationship to product price and the interaction between cost and overall 

preference and feature importance is unknown at this time, and warrants further 

investigation. 
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Chapter 5  

5 Discussion 

5.1 Contributions and future directions 

5.1.1 Study aims and findings 

 

Modern hearing aids have advanced over time from simple listening devices into complex 

machines, with a variety of features and technologies aimed at improving the hearing aid 

user experience. Early feature development prioritized implementing digital signal 

processing (DSP) technologies aimed at improving the audibility, sound quality, and 

speech intelligibility provided by the hearing aid. This includes directional microphone, 

noise reduction, multi-channel dynamic range compression, amongst others (Lansbergen 

& Dreschler, 2020; Picou, 2020).  In addition, the overall hearing aid user experience also 

includes features unrelated to auditory benefit, referred to in this thesis as non-signal 

processing (non-DSP) features. Examples of these non-DSP features include hearing aid 

form factor, Bluetooth connectivity, and smartphone/tablet application compatibility. 

While further hearing aid development will likely lead to improved DSP functionality, it 

will also promote the implementation of more sophisticated non-DSP features into the 

hearing aid experience, as demonstrated by the recent implementation of activity and safety 

features such as step-counting and fall-detection (Rahme et al., 2021), respectively. 

Currently available hearing aids can be acquired at a high (premium) or low (entry-level) 

technology level. These can differ both in terms of the availability of certain DSP and non-

DSP features, as well as the technological sophistication of the features available at both 
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technology levels (Cox et al., 2014; Lansbergen & Dreschler, 2020; Plyler et al., 2021; 

Saleh et al., 2020). 

The aims of this doctoral thesis fall into two related themes. The first was to better 

understand the drivers of hearing aid user preference between hearing aids providing 

comparable audiological benefit, and how they affect hearing aid user preference between 

different devices at a higher (premium) and lower (entry-level) technology levels. The 

second thematic aim of this thesis was the development of a clinically relevant, evidence-

based hearing aid selection tool to allow a more patient-centered hearing aid selection 

process, using the previously gathered data as a theoretical framework. These aims were 

developed to address specific portions of the knowledge-to-action process (Figure 1-2) 

suggested by J. W. Graham et al (2006), namely, contributing to the knowledge creation 

stage “funnel” in aim 1 (chapters 2 and 3) and the action-cycle steps related to the 

implementation of this knowledge into a new tool in aim 2 (chapter 4). 

5.1.1.1 Preference investigation 

 

The non-audiological aspects of hearing aid use have been reported to influence hearing 

aid user preference and satisfaction (Bridges et al., 2012; Manchaiah, Picou, et al., 2021, 

2021; Zhu et al., 2020). Furthermore, while experimental investigations of user preference 

between hearing aids at different technology levels have been conducted (Cox et al., 2016; 

Wu et al., 2019), the hearing aids profiles only differed in terms of DSP feature 

sophistication, but did not include non-DSP features. The rationale behind this thesis 

objective is that the overall hearing profile includes both DSP and non-DSP features, and 
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each of these have been reported to influence the patient experience via preference and 

satisfaction. Therefore, an experimental investigation of preference which includes 

realistic variance in both DSP and non-DSP is warranted.  

Chapter 2 addresses the first part of this objective and describes a study in which premium 

and entry-level hearing aids were compared in terms of the aided benefit provided to 23 

hearing aid users, and the overall user preference for the hearing aids (measured on a Likert 

scale). This was done with commercially available hearing aids that, at the time of the 

study, represented current technology. These devices offered overall product profiles 

which differed realistically in terms of DSP feature sophistication as well as non-DSP 

feature availability such as form factor and apps. Both devices were fitted following best 

practices. It was found that the hearing aids provide similar benefits to sentence in noise 

perception, loudness growth ratings, consonant identification, and sound quality ratings 

(Saleh et al., 2020). These results are mostly consistent with the previous literature, which 

found limited differences in the majority of laboratory-based behavioral outcome 

measures, namely speech perception (Cox et al., 2016; Plyler et al., 2021). However, some 

studies have found significantly higher aided benefit from the premium hearing aid to 

speech perception in noise (Wu et al., 2019). A possible explanation for the inconsistency 

in speech perception results, however, is the difference in the laboratory conditions used 

for speech perception testing between this study and that by Wu et al., (2019). Furthermore, 

the relative inconsistency in aided benefit may also be attributable to idiosyncratic 

differences between the hearing aids used for each study, and the relative gap in technology 

level between the premium and entry-level hearing aids. Overall, these results agree with 
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most previous literature which reported limited differences in aided benefit between 

premium and entry-level hearing aids.  

There was a significant preference for the premium hearing aids (19/23 participants) 

despite the similar behavioral outcome and electroacoustic measures. This is inconsistent 

with previous investigations of preference between different technology levels (Cox et al., 

2016; Plyler et al., 2021; Wu et al., 2019). Idiosyncratic, brand-specific differences 

between the hearing aids used in each study may have contributed to this difference in 

results. However, a major contributor may also be the inclusion of non-DSP features in the 

comparison between the hearing aids. These features, such as Bluetooth and app 

compatibility, add realistic differences in the overall user experience which were not 

present in previous literature. Furthermore, this is consistent with the large-scale hearing 

aid survey results investigated by Manchaiah et al. (2021), who found that nearly half of 

respondents expressed a desire to purchase premium-level devices. This agrees with 

previous findings highlighting the importance of certain non-DSP features to hearing aid 

users (Manchaiah, Picou, et al., 2021; Picou, 2020; Zhu et al., 2020). The novelty in the 

results shown in Chapter 2, however, is in experimentally demonstrating influence of 

technology level (specifically the availability of non-DSP features) on overall hearing aid 

preference when aided benefit is equal.  

Chapter 3 follows up on Chapter 2, by exploring the reasons behind the participants’ overall 

preferences for one device over another. Chapter 3 describes a group concept methodology 

which was used to investigate the underlying drivers of preference. Group concept mapping 

is a methodology used to produce a visual representation of intangible ideas and attitudes 

(Kane & Trochim, 2007). It has been used in a wide range of fields, including medicine 
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(Nilsson et al., 2012) and psychology (Donohoe et al., 2020). It has also been recently 

implemented in audiological research, to understand and interpret different aspects of 

clinician and patient attitudes (Bennett, 2019; Bennett et al., 2018; Glista et al., 2020; 

Poost-Foroosh et al., 2011) as well as to better understand patient needs in implemented 

healthcare service solutions (Meyer et al., 2022). After completing the study described in 

chapter 2 and expressing their preference for one of the hearing aids, a concept mapping 

study was undertaken, resulting in a concept map containing 83 total statements grouped 

into nine distinct clusters (or themes), each containing features or ideas contributing to 

hearing aid preference. In a comparison of the cluster importance ratings between the 

premium and entry-level hearing aid choosers (Figure 3-2), clusters related to “Comfort & 

appearance”, “Sound quality & intelligibility”, and “Ease of use” were the most important 

clusters for both groups. This highlighted the importance of meeting basic requirements 

such as audibility needs, a factor influencing hearing aid uptake and continued use 

(Jorgensen & Novak, 2020; Kochkin, 2012) and comfort/satisfactory appearance, the lack 

of which can lead to non-use (McCormack & Fortnum, 2013). These results are also 

consistent with those of Manchaiah et al. (2021), who surveyed a large number of hearing 

aid users and found that improved speech intelligibility in quiet and noise, as well as the 

comfort and reliability of the hearing aid were reported as the most desirable features to 

them.  

The clusters “User-controlled DSP (app)”, “Streaming”, and “Convenience & 

connectivity” were the only ones rated significantly higher by the premium hearing aid 

choosers. Interestingly, these clusters were primarily comprised of high technology level 

non-DSP features only available in the premium hearing aids used (such as app-based 
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remote clinician support and smartphone-based DSP control). These findings are consistent 

with previous  literature reporting the importance of non-DSP features to hearing aid users 

(Picou, 2020). Plyler et al. (2021) did not include non-DSP differences between devices 

and did not find a significant difference in preference between the premium and entry-level 

technology levels. However, they found that participants who preferred the premium 

devices benefitted significantly more from premium-only features than those who preferred 

the basic devices. This may seem intuitive, but it supports the idea that hearing aid users 

value having access to features which they find useful; this influences their preference and 

supports our findings that, since basic audibility needs are highly valued by everyone, 

individual differences in hearing aid benefit may influence preference. These findings 

allow us a better understanding of the relationship between technology-specific features 

and hearing aid preference, and correspond to the knowledge creation “funnel” in the 

knowledge-to-action process (I. D. Graham et al., 2006).  

5.1.1.2 Questionnaire development 

 

Our results highlight the influence of patient individuality in preference. Previously, Gioia 

et al. (2015)  found that hearing aid technology level recommendations made by clinicians 

lack evidence-based justification, and are mostly made based on patient lifestyle as 

perceived by the clinician. However, a patient-centered approach to treatment decision-

making has been suggested to reduce post-treatment regret (Mulley et al., 2012) in medical 

care and to improve hearing aid adoption rates (Poost-Foroosh et al., 2011) in hearing care. 

When interpreted within this context, the need for a structured method to incorporate this 

individuality into the hearing aid selection process is apparent. The identification of this 
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problem and need for intervention corresponds to the problem identification stage 

following knowledge creation in the knowledge-to-action process (I. D. Graham et al., 2006).  

To this aim, we developed a clinically relevant, evidence-based hearing aid selection 

questionnaire to allow a more patient-centered hearing aid selection process. We used the 

concept mapping results of chapter 3 as a theoretical framework for this tool, and conducted 

focus groups with hearing care professionals to gather feedback which we used to tailor 

the tool for clinical use.  These steps correspond to the stages related to adapting knowledge 

to the local context, assessing barriers to use, and tailoring the intervention based on these 

barriers, respectively (I. D. Graham et al., 2006).  

Questionnaires are instruments used for gathering patient attitudes and opinions. They are 

widespread in audiology and hearing care and used to gather patient input in many different 

aspects of the hearing aid user experience. Recently, web-based guides and questionnaires 

are becoming more available, allowing selection of available hearing aid options (with 

some providing suggestions based on these). However, there is a lack of available recent, 

evidence-based, and peer-reviewed hearing aid feature selection questionnaires. The aim 

of chapter 4 was to develop a modern hearing aid selection questionnaire using the results 

of the concept mapping study as a theoretical framework. This study resulted in a 28-item 

questionnaire within three subscales defined by exploratory factor analysis, “Advanced 

connectivity & streaming”, “Physical features & usability”, and “Sound quality & 

intelligibility”.  These subscales and their contents were demonstrated to have appropriate 

internal consistency, internal reliability, and face validity.  This questionnaire, when fully 

validated and finalized (to be discussed further below), will give clinicians a structured tool 

to gather patient input regarding the relative importance of different features of the hearing 
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aid. This will allow clinicians to better implement a patient-centered approach, 

incorporating patient needs and preferences into the hearing aid selection decision.  

 

5.2 Future directions 

 

Questionnaire development typically involves item development (sometimes including 

expert involvement via focus groups) followed by factor structure analysis and evaluation 

of questionnaire validity and reliability.  In this thesis, the item development stage and the 

initial evaluation of factor structure, validity and reliability were addressed.  

Future directions of this research will be aimed at addressing some of the limitations in this 

study, as well as preparing the final version of the questionnaire for distribution and clinical 

use by following the additional steps outlined in the knowledge-to-action process (I. D. 

Graham et al., 2006). Further steps would be conducted on the final version of the HAFIE 

as this is the version that will be made available for clinical use. These steps are discussed 

further below. 

5.2.1 Confirming factor structure 

 

However, further work is still required to complete the development of the HAFIE, with a 

clear next step being to confirm the factor structure that was described in Chapter 4. 

Confirmatory factor analysis (CFA) can be used to verify the factor structure identified by 

exploratory factor analysis (Harrington, 2009). CFA is recommended to be conducted on 
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a different sample from that of the initial exploratory factor analysis, to avoid forcing a 

verified factor structure result. One method includes splitting the data in half randomly to 

conduct CFA and EFA on each half. However, the sample size of the initial validation 

study was not adequate to allow this based on the sample size guidelines followed. 

Interestingly, attempting to split the responses in half produced similar EFA results which 

were in turn verified by the CFA. However, this can only be considered in the context of 

curiosity, due to the inappropriate sample size. Therefore, as a future direction, the 

questionnaire validation can be extended to allow another 200 (adequate) responses for a 

CFA to be conducted. While discriminant and convergent construct validity was calculated 

on the EFA results, these can be re-calculated and confirmed after the factor structure is 

verified via CFA.  

 

5.2.2 Validity assessment 

 

While the focus group feedback was positive regarding the content of the questionnaire, 

content validity was not specifically measured and could not be confirmed. Therefore, 

another proposed next step would be to calculate the content validity index (CVI) both at 

the item (I-CVI) and scale (S-CVI) level. This would include a group of experienced 

clinicians rating the relevance of the item content on a 4-point Likert scale. CVI can be 

calculated using the proportion of the items judged as appropriately valid (3-4 on the scale) 

(Martuza, 1977; Polit & Beck, 2006). Items with low I-CVI can be removed from the 

questionnaire or reworded based on the clinician feedback.  
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5.2.3 Reliability assessment 

 

Finally, test-retest reliability was not assessed in this study. This is an important measure 

in questionnaire development, demonstrating the reliability and stability of results. Test-

retest reliability may be assessed by administering the final questionnaire to the same group 

of participants at two different points in time and comparing the results. A participant: item 

ratio of 1:1 to 4:1 can be used as a sample size guideline, with approximately 14 days 

between the two test sessions. These study parameters have been identified, in a systematic 

review of 95 studies, as being frequent in the assessment of test-retest reliability (Park et 

al., 2018).  

 

5.2.4 Further directions 

 

As discussed, one of the objectives of this study was to adopt an integrated knowledge 

translation (IKT) approach (I. D. Graham et al., 2006; Moodie et al., 2011) to the creation 

of this clinical tool. In the hearing care context, this involves incorporating clinician input 

in the early stage of clinical tool development, to increase feasibility and applicability. An 

existing example of this in this doctoral work is the focus group study in chapter 4, which 

was conducted prior to the initial distribution and validation of the questionnaire and 

corresponds with the stage of the knowledge-to-action cycle related to assessment of 

barriers to use (I. D. Graham et al., 2006). This allowed gathering clinician inputs and 
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opinions regarding an early version of the questionnaire and subsequent improvements 

based on these recommendations.  Further clinician input may be gathered to improve the 

current near-final version of the questionnaire via an investigation of the clinical feasibility 

of the questionnaire. Survey-based feasibility assessment  has been conducted for previous 

tools intended for use by hearing care clinicians (Glista et al., 2014; Moodie et al., 2011) 

as a means to implement IKT in the tool-development process. 

Lastly, Andresen (2000) developed an operational grading system to evaluate adult and 

pediatric outcome tools. This is based on criteria related to tool development, derived from 

literature review (such as validity/reliability), as well as practical considerations (such as 

respondent burden). This assessment system has been used in previous critical reviews, 

assessing existing pediatric audiological outcome tools (Bagatto et al., 2011). While the 

HAFIE is not an outcome measurement tool, most criteria within the Andreson grading 

system are applicable to this questionnaire, and can be used to produce a score for the 

finalized version of the HAFIE and, potentially, can allow a critical comparison to other 

hearing aid selection tools.     

 

5.3 Conclusions 

 

This dissertation aimed to investigate modern hearing aid features and their relative 

importance in influencing hearing aid preference, and to use this data as a theoretical 

framework for the development of a hearing aid selection tool. The themes and clusters 

identified in the concept mapping study, coupled with the associated importance ratings, 
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have increased our current understanding of the drivers of hearing aid user preference and 

highlighted the importance of the individuality in preference. The questionnaire developed 

in this study, once finalized, is anticipated to support the implementation of an evidence-

based, patient-centered approach to hearing aid selection, better incorporating patient 

individuality and preference into the hearing aid recommendation. 
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Appendix B: HSREB approval (Chapter 4 focus group) 
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Appendix F: Initial version of the HAFIE questionnaire 

HAFIE Questionnaire  

 

 

 

 

Hearing aids are complex devices consisting of many different technologies. The following sections will contain 

descriptions of these technologies, and will assess your opinions towards them. 

 

End of Block: Intro Description 
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Start of Block: App-Based DSP 

 

Some hearing aids can connect to your smartphone via Bluetooth. Depending on the type of hearing aid, a specialized 

smartphone/tablet app can connect to your hearing aid and allow you to make changes to your hearing aid through your 

phone.   

   

 

 

Page Break 
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How important is this to you if deciding on a new hearing aid to use? 

 
Not at all 

important (15) 

Slightly 

important (16) 

Moderately 

important (17) 

Very important 

(18) 

Extremely 

important (19) 

The hearing aid 

can connect to 

my smartphone 

or tablet through 

a specialized 

phone/tablet 

application. (4)  

o  o  o  o  o  

The app which 

connects my 

phone to my 

hearing aid is 

clear and easy to 

use. (1)  

o  o  o  o  o  

Using my 

smartphone, I 

can make the 

hearing aid focus 

on speech from a 

certain direction 

(e.g. to my side 

if someone is 

sitting beside 

me). (2)  

o  o  o  o  o  

Using my 

smartphone, I 

can adjust the 

hearing aid’s 

volume and 

sound clarity 

through my 

phone. (3)  

o  o  o  o  o  
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End of Block: App-Based DSP 
 

Start of Block: Multi-environment Functionality 

 

Hearing aids can come with different settings (called “programs”) designed to improve your experience in different 

listening environments. An example of this is having a hearing aid program that lowers background noise when you are 

in a noisy environment. You can either change the settings based on your preference, or the hearing aid can change 

them automatically by sensing the environment you are in. 

 

 

Page Break 
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How important is this to you if deciding on a new hearing aid to use? 

 
Not at all 

important (16) 

Slightly 

important (17) 

Moderately 

important (18) 

Very important 

(19) 

Extremely 

important (20) 

The hearing aid 

has a special 

program to use 

when I am 

outside (e.g. for 

natural wind 

sounds). (1)  

o  o  o  o  o  

The hearing aid 

has a special 

program to use 

when I am 

listening to live 

music. (2)  

o  o  o  o  o  

The hearing aid 

has a wide 

choice of 

programs which 

are specialized 

for different 

surrounding 

sounds. (4)  

o  o  o  o  o  

 

 

End of Block: Multi-environment Functionality 
 

Start of Block: Convenience and Connectivity 
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Some hearing aids have features focused on convenience. This can include being able to communicate with your 

hearing professional through your smartphone app and allowing them to make changes to your hearing aids without 

having to visit the clinic in person. Some hearing aids can also connect to devices to help improve the hearing aid 

experience. 

 

 

Page Break 
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How important is this to you if deciding on a new hearing aid to use? 
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Not at all 

important (27) 

Slightly 

important (28) 

Moderately 

important (29) 

Very important 

(30) 

Extremely 

important (31) 

The hearing aid 

can connect to a 

remote 

microphone 

which sends 

sounds directly 

to your hearing 

aid. This makes 

it easier to hear 

people at a 

distance or in a 

noisy place. (1)  

o  o  o  o  o  

The app allows 

me to contact the 

hearing 

professional 

directly. (2)  

o  o  o  o  o  

The hearing aid 

settings can be 

changed 

remotely by my 

audiologist 

without needing 

to visit the clinic 

physically. (3)  

o  o  o  o  o  

My hearing aid 

can connect to a 

TV streaming 

device that sends 

my TV sound 

directly into my 

hearing aid. (4)  

o  o  o  o  o  
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The hearing aid 

can connect 

wireless to a 

remote control 

which allows 

you to change 

hearing aid 

volume. (5)  

o  o  o  o  o  

The hearing aid 

can count the 

number of steps 

that I take 

throughout the 

day. (6)  

o  o  o  o  o  

 

 

End of Block: Convenience and Connectivity 
 

Start of Block: Ease of Use 

 

An important aspect of hearing aids is their ease of use. Some hearing aids have features focused on improving their 

simplicity and making them easy to use. 

 

 

Page Break 
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How important is this to you if deciding on a new hearing aid to use? 

 
Not at all 

important (21) 

Slightly 

important (22) 

Moderately 

important (23) 

Very important 

(24) 

Extremely 

important (25) 

The hearing aid 

does not have 

many 

accessories to 

use and 

maintain. (1)  

o  o  o  o  o  

The hearing 

aid’s volume 

and program 

buttons are easy 

to find and use. 

(3)  

o  o  o  o  o  

The hearing aids 

are linked so 

program or 

volume changes 

only need to be 

made on one 

hearing aid for 

both sides to 

change. (4)  

o  o  o  o  o  

 

 

End of Block: Ease of Use 
 

Start of Block: Sound Quality and Intelligibility 
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The hearing aid takes sound from your environment and modifies it based on your hearing loss. Certain hearing aid 

technologies are designed to improve the quality of the sound to be more comfortable to you and to make speech easier 

to hear and understand. 

 

 

Page Break 
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How important is this to you if deciding on a new hearing aid to use? 

 
Not at all 

important (16) 

Slightly 

important (17) 

Moderately 

important (18) 

Very important 

(19) 

Extremely 

important (20) 

The hearing aid 

makes my own 

voice sound 

natural. (1)  

o  o  o  o  o  

The hearing aid 

has a feature to 

reduce the noise 

from wind. (2)  

o  o  o  o  o  

The hearing aid 

can reduce 

background 

noise. (4)  

o  o  o  o  o  

The hearing aid 

sound quality 

sounds natural. 

(5)  

o  o  o  o  o  

The hearing aid 

makes speech 

sound clear and 

of high quality. 

(6)  

o  o  o  o  o  

 

 

End of Block: Sound Quality and Intelligibility 
 

Start of Block: Comfort and Appearance 
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Hearing aids can differ in size and appearance. This can change how they look cosmetically as well as how comfortably 

they sit in and on your ear. 

 

 

Page Break 
 

 

 

Q21 How important is this to you if deciding on a new hearing aid to use? 

 
Not at all 

important (17) 

Slightly 

important (18) 

Moderately 

important (19) 

Very important 

(20) 

Extremely 

important (21) 

The hearing aid 

is comfortable to 

wear with 

eyeglasses. (2)  

o  o  o  o  o  

The hearing aid 

is easy to put 

into my ear. (3)  

o  o  o  o  o  

The hearing aid 

looks good 

aesthetically. (4)  

o  o  o  o  o  

The hearing aid 

is small in size 

and width. (7)  

o  o  o  o  o  

 

 

 

Page Break 
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How important is this to you if deciding on a new hearing aid to use? 

 
Not at all 

important (16) 

Slightly 

important (17) 

Moderately 

important (18) 

Very important 

(19) 

Extremely 

important (20) 

Having this 

style of hearing 

aid: (2) 

 

 

(Gif of CIC) 

  

o  o  o  o  o  

Having this 

style of hearing 

aid: (3)  

 

(Gif of RIC) 

o  o  o  o  o  

Having this 

style of hearing 

aid: (4) 

 

(GIF of BTE)  

o  o  o  o  o  

Having this 

style of hearing 

aid: (5)  

 

(GIF of ITE) 

o  o  o  o  o  
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End of Block: Comfort and Appearance 
 

Start of Block: Streaming 

 

Some hearing aids can connect to your smartphone with Bluetooth. This gives you the option to hear your phone calls 

or play music from your phone directly in your hearing aids, rather than placing the phone over your ears. 

 

 

Page Break 
 

 

 

How important is this to you if deciding on a new hearing aid to use? 

 
Not at all 

important (1) 

Slightly 

important (2) 

Moderately 

important (3) 

Very important 

(4) 

Extremely 

important (5) 

The hearing aid 

allows me to 

stream phone 

calls directly 

into my ear, 

including in the 

car. (1)  

o  o  o  o  o  

The hearing aid 

allows direct 

music streaming 

from my phone 

into my ears. (2)  

o  o  o  o  o  

 

 

End of Block: Streaming 
 

Start of Block: Batteries & Charging 
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Some hearing aids are powered by batteries which are placed inside the hearing aids and must be replaced upon 

consumption. Larger hearing aids have larger batteries which last longer, and smaller hearing aids have smaller 

batteries with a shorter duration. Smaller batteries might also be more difficult to handle. Rechargeable hearing aids do 

not need batteries but can be recharged electrically by plugging into a power source (i.e. a wall socket or power bank). 

These must be charged for a short period every night when not in use. 

 

 

Page Break 
 

 

 

How important is this to you if deciding on a new hearing aid to use? 

 
Not at all 

important (16) 

Slightly 

important (17) 

Moderately 

important (18) 

Very important 

(19) 

Extremely 

important (20) 

The hearing aid 

is rechargeable. 

(4)  

o  o  o  o  o  

Having a power 

bank to charge a 

rechargeable 

hearing aid. (1)  

o  o  o  o  o  

If using batteries, 

having a small 

sized battery. (6)  

o  o  o  o  o  
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