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Auditory distraction and acclimatization to hearing aids 1 

Objective: It is widely recognized by hearing aid users and audiologists that a period 2 

of auditory acclimatization and adjustment is needed for new users to become 3 

accustomed to their devices. The aim of the present study was to test the idea that 4 

auditory acclimatization and adjustment to hearing aids involves a process of 5 

learning to ‘tune out’ newly audible but undesirable sounds, which are described by 6 

new hearing aid users as annoying and distracting. It was hypothesized that: i) 7 

speech recognition thresholds in noise would improve over time for new hearing aid 8 

users; ii) distractibility to noise would reduce over time for new hearing aid users; iii) 9 

there would be a correlation between improved speech recognition in noise and  10 

reduced distractibility to background sounds; iv) improvements in speech recognition 11 

and distraction would be accompanied by self-report of reduced annoyance; v) 12 

improvements in speech recognition and distraction would be associated with higher 13 

general cognitive ability and more hearing aid use.   14 

Design: New adult hearing aid users (n=35) completed a test of aided speech 15 

recognition in noise (SIN) and a test of auditory distraction by background sound 16 

amplified by hearing aids on the day of fitting and 1, 7, 14 and 30 days post-fitting. At 17 

day 30, participants completed self-ratings of the annoyance of amplified sounds. 18 

Daily hearing aid use was measured via hearing aid data logging and cognitive 19 

ability was measured with the WASI block design test.  A control group of 20 

experienced hearing aid users (n=20) completed the tests over a similar time frame.  21 

Results: At Day 30, there was no statistically significant improvement in SIN among 22 

new users versus experienced users. However, levels of hearing loss and hearing 23 

aid use varied widely among new users. A subset of new users with moderate 24 

hearing loss who wore their hearing aids at least 6 hours/day (n=10), had 25 

significantly improved SIN (by ~3 dB signal to noise ratio), compared to a control 26 

group of experienced hearing aid users. Improvements in SIN were associated with 27 

more consistent HA use and more severe hearing loss. No improvements in the test 28 

of auditory distraction by background sound were observed. Improvements in SIN 29 

were associated with self-report of background sound being less distracting and 30 

greater self-reported hearing aid benefit. There was no association between 31 

improvements in SIN and cognitive ability or between SIN and auditory distraction. 32 
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Conclusions: Improvements in SIN were accompanied by self-report of background 33 

sounds being less intrusive, consistent with auditory acclimatization involving a 34 

process of learning to ‘tune out’ newly audible unwanted sounds. More severe 35 

hearing loss may afford the room for improvement required to show better SIN 36 

performance with time. Consistent hearing aid use may facilitate acclimatization to 37 

hearing aids and better SIN performance.   38 
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INTRODUCTION 39 

Auditory acclimatization is considered to be a process of perceptual learning, 40 

whereby an individual learns over time to make use of the change in acoustic 41 

information provided by the hearing aid (Arlinger et al. 1996).  Clinicians and hearing 42 

aid users recognise a need for new hearing aid users to adjust to hearing aid use 43 

(Dawes, Maslin, et al. 2014; Mueller et al. 2001). Clinicians recommend that 44 

consistent hearing aid use is likely to lead to greater hearing aid benefit and 45 

satisfaction (Mueller and Powers 2001), and  auditory acclimatization periods are 46 

commonly included in research studies. But there is inconsistent research evidence 47 

for auditory acclimatization with hearing aids. In relation to improved speech 48 

recognition, several studies reported evidence for acclimatization (Cox et al. 1992; 49 

Cox et al. 1996; Gatehouse 1992, 1993; Horwitz et al. 1997; Kuk et al. 2003; Munro 50 

et al. 2003; Yund et al. 2006), while others have not (Bentler et al. 1993a, 1993b; 51 

Dawes, Munro, et al. 2014a; Humes et al. 2003; Humes et al. 2002; Saunders et al. 52 

1997; Taylor 1993). See Turner et al. (1996), Palmer et al. (1998), Munro (2008) and 53 

Dawes et al (2014a, 2014b) for reviews of these and other studies. The 54 

inconsistencies between previous studies may have been due to design factors, 55 

such as lack of control group, unilateral versus bilateral fitting, the type and amount 56 

of auditory input, inclusion of participants with mild hearing loss in some studies, the 57 

amount of hearing aid use and cognitive factors (Munro 2008; Palmer et al. 1998). 58 

Therefore, we previously conducted a large longitudinal study of auditory 59 

acclimatization to hearing aids that  included a control group of experienced hearing 60 

aid users (with at least moderate levels of hearing loss), unilateral versus bilateral 61 

fittings and accounted for the amount of hearing aid use and cognitive factors 62 

(Dawes et al. 2013a, 2013b; Dawes, Munro, et al. 2014a, 2014b). New hearing aid 63 

users reported significant increases in benefit, but there was little corresponding 64 

evidence for perceptual or physiological changes with hearing aid use. These null 65 

findings lend weight to the views of some researchers who have concluded that 66 

because auditory acclimatization effects tend to be inconsistent between studies and 67 

small on average, they are clinically insignificant (Turner et al. 1998). However, this 68 

conclusion seemed at odds with the experience of clinical audiologists and hearing 69 

aid users. A possible explanation for the apparent discrepancy between research 70 
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findings and the experience of clinicians and new hearing aid users may be that the 71 

current conceptualization of auditory acclimatization is inaccurate or incomplete.  72 

In a focus group study, new hearing aid users were asked to describe the process of 73 

‘getting used to’ hearing aids (Dawes, Maslin, et al. 2014). The primary obstacle 74 

reported by all users was that of becoming accustomed to a ‘cacophony of sound’, 75 

much of which had previously been inaudible for many years. Users reported that the 76 

experience of amplified background sound was initially overwhelming, but that after a 77 

few days of hearing aid use, these undesirable sounds ceased to be noticeable. This 78 

experience has been recognized previously in terms of ‘annoying or aversive’ 79 

sounds following amplification (Brooks 1989; Palmer et al. 2006; Skagerstrand et al. 80 

2014). In a recent scoping review of reasons for non-use of hearing aids, five out of 81 

the ten studies that were identified for the review cited ‘noisy situations/background 82 

noise’ as a primary reason for non-use (McCormack et al. 2013), and background 83 

sound appears to be relevant to various aspects of hearing aid use, including benefit 84 

and satisfaction, acclimatization, hearing aid technology and signal processing (Gygi 85 

et al. 2015). 86 

We hypothesize that auditory acclimatization may primarily involve a re-focus of 87 

auditory attention, as follows. Among people with normal hearing, audible 88 

background sounds with no behavioural relevance (such as ventilation noise, street 89 

noise, rustling clothes etc.) are ignored. In the case of people with long-standing 90 

hearing loss, background sounds are inaudible or very quiet. But when someone 91 

with long standing hearing loss obtains a hearing aid, the audibility of background 92 

sounds is suddenly restored. Immediately following hearing aid fitting, background 93 

sounds intrude on conscious attention due to their novelty. Newly audible 94 

background noises may exert a detrimental distracting effect on speech recognition 95 

(i.e. ‘informational masking’). ‘Informational masking’ refers to degradation of 96 

auditory detection or discrimination of a signal that is not related to energetic 97 

masking caused by physical interaction between the masker and the signal (Leek et 98 

al. 1991). Informational masking is greater with more complex maskers and with 99 

maskers that are similar to the signal. Once someone with long standing hearing loss 100 

has acclimatized to hearing aids, irrelevant background sounds are ignored and 101 

informational masking is reduced. This concept is consistent with a description of 102 

auditory acclimatization as a process of perceptual learning (Arlinger et al. 1996). 103 
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Alterations of attentional focus have been identified previously in research in auditory 104 

learning (Amitay et al. 2006). Amitay (2009) proposed a theory of auditory perceptual 105 

learning that includes attentional filtering of irrelevant stimulus features. This 106 

theoretical model may be applicable in the case of auditory acclimatization to hearing 107 

aids. Alteration in the focus of auditory attention may also be consistent with earlier 108 

reports that showed improvements in aided speech recognition performance over 109 

time (for example, Horowitz & Turner, 1997; Munro & Lutman, 2003; Yund et al., 110 

2006). These previous studies measured speech recognition in background noise in 111 

order to avoid ceiling effects. Improvements in speech recognition in noise in these 112 

previous studies may have been due to reduced susceptibility to the distracting 113 

effects of noise rather than improved speech recognition per se. Other areas of 114 

research suggest that the distracting effect of background noise (‘informational 115 

masking’) has a significant impact on speech recognition, and that attention plays a 116 

key role in resistance to distraction effects (for example, Helfer & Freyman, 2008). 117 

Other components that may influence post-hearing aid fitting improvement in speech 118 

recognition in noise may include modulation masking (Bacon et al. 1998), 119 

physiological changes (Dawes et al. 2013a; Dawes, Munro, et al. 2014b), ‘listening 120 

effort’ or top down cognitively-based compensatory function (Dawes et al. 2010; 121 

Pichora-Fuller et al. 2006; Wong et al. 2009) and reallocation of executive function 122 

capacity (Amitay 2009).  123 

In the present study, we sought to index the distracting effect of background noise 124 

during aided listening using a task derived from cognitive psychology. A body of 125 

previous cognitive psychological research has shown that background noise impairs 126 

performance on cognitively challenging tasks, with memory-related tasks being 127 

particularly vulnerable (Cassidy et al. 2007; Jones et al. 2010). Participants therefore 128 

completed a serial recall memory task in quiet and in noise (with hearing aids), with 129 

the difference in recall between quiet and noise conditions being an index of the 130 

distracting effect of amplified background noise (the ‘distraction’ task). 131 

If the importance of attentional tuning for hearing aid auditory acclimatization can be 132 

established, this could have relevance for both research and clinical practice. Failure 133 

to ‘tune out’ aversive sounds may be a primary reason for lack of auditory 134 

acclimatization, reduced hearing aid benefit and non-use. A better understanding of 135 

auditory acclimatization as a process involving re-focus of auditory attention may 136 
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ultimately help hearing impaired people obtain more benefit from amplification. 137 

Specifically, reliable measurement of altered focus of auditory attention with hearing 138 

aid use may be used to i) identify optimal hearing aid settings for first fits (e.g. 139 

optimisation of hearing aid ‘acclimatization’ first fit settings which begin with low 140 

levels of gain and gradually increase gain to prescribed levels over an extended time 141 

period) ii) inform strategies to facilitate auditory acclimatization (e.g. counselling and 142 

listening tasks, such as those described by Brooks, (1989)) iii)  prescribe 143 

individualized management and fittings to optimize hearing aid benefit (e.g. more 144 

aggressive acclimatization settings for those who are particularly susceptible to the 145 

distracting effects of background noise).  146 

In a study with older adults with hearing loss, Nabelek et al (1991) reported that full 147 

time hearing aid users tolerated higher levels of background noise than occasional or 148 

non-hearing aid users. Following Nabelek et al’s (1991) study, Rogers et al (2003) 149 

described the Acceptable Noise Level (ANL) test, which requires test takers to listen 150 

unaided to spoken discourse presented at a comfortable listening level and adjust 151 

the level of background noise to the maximum level where they feel they can still 152 

follow the discourse. Nabelek et al. (2006) suggested that different acceptance of 153 

noise (indexed by the ANL test) may result in different patterns of hearing aid use. 154 

People who tolerate higher levels of background noise may use hearing aids more 155 

consistently. A recent review (Olsen et al. 2014) reported inconsistent evidence that 156 

the ANL was predictive of hearing aid use. Olsen et al (2014) concluded that 157 

acceptance of noise may be an important determinant of hearing aid use, but that 158 

the reliability of the ANL was not satisfactory. We hypothesized that ‘tolerance of 159 

background noise’ indexed by the ANL may relate to susceptibility to the distracting 160 

effect of background noise, as described in our conception of acclimatization to 161 

hearing aids above. We expected that higher susceptibility to background noise on 162 

the distractibility task measured at baseline would be associated with lower tolerance 163 

of background noise on the ANL test.  164 

Study design and hypotheses 165 

In the present study, new adult hearing aid users completed an experimental test 166 

battery on the day of first hearing aid fitting and at 1, 7 and 30 days post fitting. On 167 

the basis of reports by new hearing aid users (Dawes, Maslin, et al. 2014) it was 168 
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anticipated that a re-focus of auditory attention with new hearing aid use may occur 169 

relatively rapidly, within the first few days of hearing aid use. Participants were tested 170 

at 1 and 7 days after fitting to capture this process. A final test session at 30 days 171 

was included to test for longer-term stability of any early changes and whether 172 

improvements may still be evident at 30 days post-fitting. In order to control for retest 173 

effects, testing included a control group of experienced adult hearing aid users. Most 174 

previous studies on acclimatization to hearing aids assessed aided speech 175 

recognition at fixed SNRs in order to avoid celling effects. In the present study, 176 

speech recognition was assessed with the level of background noise varying 177 

adaptively to track a recognition threshold. If auditory acclimatization to hearing aids 178 

results in an improved ability to ignore background sounds, we hypothesized that i) 179 

speech recognition thresholds would improve over time, with new hearing aid users 180 

achieving equivalent levels of recognition at more adverse SNRs over time post 181 

hearing aid fitting (hypothesis #1) and ii) that new hearing aid users would show 182 

reduced distractibility over time (hypothesis #2). If reduced distractibility to 183 

background sounds underlies improvements in speech recognition in noise, then 184 

reductions in distractibility should correlate with improvements in speech recognition 185 

(hypothesis #3). Improvements in speech recognition and reduced distraction should 186 

also be accompanied by self-report of reduced annoyance (hypothesis #4).  187 

Finally, in terms of explaining individual differences in performance on a large range 188 

of laboratory tasks, most variance can be explained by general cognitive ability 189 

(Rabbit 2002). Individual differences in a variety of mental tests including executive 190 

function, attention, working memory and vocabulary are predominantly accounted for 191 

by general cognitive ability (Deary et al. 2010). Cognitive ability has also been 192 

suggested as a constraining factor in relation to auditory acclimatization (Palmer et 193 

al. 1998; Tyler et al. 1996) and for speech recognition in background noise (Akeroyd 194 

2008). It is reasonable then to presume that general cognitive ability would be 195 

positively correlated with auditory attention and successful auditory acclimatization. 196 

As general cognitive ability may be estimated quickly, it may be a potentially useful 197 

clinical metric for individualization of hearing aid fitting. Further, if consistent hearing 198 

aid use facilitates learning to ignore background sound, more consistent hearing aid 199 

use would be associated with improvements in speech recognition and distraction. 200 

We hypothesized that improvements in speech recognition and distraction would be 201 
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associated with higher general cognitive ability and more consistent hearing aid use 202 

(hypothesis #5).   203 

 204 

MATERIALS AND METHODS 205 

Participants 206 

Power analyses concluded that at least 17 new hearing aid users and 17 207 

controls would provide at least 80% power to detect a large sized effect (d = 0.5; 208 

based on a repeated measures ANOVA with an alpha level of 0.05, two-tailed). A 209 

minimum sample size of 29 new hearing aid users would be required to detect a 210 

large correlation (r > 0.5) between improvement in distraction/speech recognition 211 

performance and hearing aid use/cognitive ability (based on Pearson’s r with an 212 

alpha level of 0.05). A total of 22 experienced and 42 new hearing aid users were 213 

recruited. 9 participants were excluded due to non-completion, change in hearing 214 

sensitivity or change in hearing aid gain. Participants who were excluded from the 215 

study did not differ from those who completed the study in terms of age (t(62) = 0.2, 216 

p = 0.80) or severity of hearing loss (t(62) = 0.6, p = 0.50). 20 experienced and 35 217 

new hearing aid users were included in the analysis. The mean age of the 218 

experienced and new user groups was 78 years (SD 8; 67-88 years) and 70 years 219 

(SD 10; 57-69 years), respectively. The mean hearing level (Figure 1; 250 to 8,000 220 

Hz) in the experienced and new user groups was 46 dB HL (SD = 7; range 21 to 55 221 

dB HL) and 38 dB HL (SD = 9; range 31 to 59 dB HL). Experienced hearing aid 222 

users were older (t(53)=2.98, p <0.01) and had poorer hearing than new hearing aid 223 

users (t(53)=3.28, p<0.01). 224 

(Insert FIGURE 1 here) 225 

Participants were recruited to the study, fitted and tested by an audiologist 226 

based at Withington Community Hospital, a local NHS audiology clinic. Ethics 227 

approval was obtained from the North West UK National Health Service (NHS) 228 

Research Ethics Committee. In the UK, hearing aids are currently provided free of 229 

charge at the point of service via the NHS. Recruitment aimed at including an 230 

inclusive range of new hearing aid users. Our recruitment targeted new hearing aid 231 

users who have elected to receive hearing aids as part of their standard clinical care. 232 
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We also recruited experienced hearing aid users with at least 12 months experience 233 

and who report hearing aid use ≥6 hours per day. Inclusion criteria for all participants 234 

was mild-moderate hearing loss consistent with normal aging (defined as average air 235 

conduction thresholds across 500, 1000, 2000 and 4000 Hz >20 dB HL and <70 dB 236 

HL). Exclusion criteria were i) fluctuating or recent changes in hearing level, ii) 237 

asymmetry in air conduction thresholds of greater than 15 dB at two or more 238 

frequencies, iii) an air−bone gap greater than 15 dB at any test frequency and iv) 239 

abnormal middle ear function assessed using tympanometry. Hearing thresholds 240 

were assessed at the start and end of the study, and participants with any 241 

substantial change in threshold (>10 dB over more than one test frequency) 242 

excluded from analysis (n = 2). Mean change in threshold across frequencies and 243 

groups was 0.5 dB (SD = 1.0). Overall, 2% of thresholds changed by 10 dB or more. 244 

This is in line with test-retest differences for audiometry (Robinson 1991) and similar 245 

to our previous acclimatization studies with a similar patient population (Dawes, 246 

Munro, et al. 2014a).  247 

Hearing aid fitting 248 

New hearing aid users were all bilaterally fitted with the same model of 249 

hearing aid that is routinely used for cases of mild-moderate hearing loss at 250 

Withington Hospital’s Audiology department (Oticon Spirit Zest; a digital nonlinear 251 

behind-the-ear open fit hearing aid). The hearing aids have 16 channel signal 252 

processing with a frequency range of 100-7100 Hz. Noise management was 253 

activated. Compression operated with an attack time of 2 ms and release time of 70 254 

ms (per American National Standards Institute standard (ANSI S3.22 2003)).  255 

All new hearing aids were fitted to the National Acoustics Laboratories Nonlinear 2 256 

(NAL-NL2) prescription target based on hearing thresholds as measured at day 0. 257 

Existing hearing aid users had hearing aids which had been previously fitted to either 258 

the NAL-NL1 or NAL-NL2 prescription target. Maximum output was adjusted if the 259 

participant reported any undue discomfort to loud sounds presented during the 260 

hearing aid fitting. Real ear insertion gain (REIG) was measured for all participants at 261 

the start and end of the study with a Siemens Unity 2 hearing aid analyzer following 262 

recommended procedure (British Society of Audiology and the British Academy of 263 

Audiology 2008). Target and measured user gain for the experienced and new user 264 
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group is shown in Figure 2. Measured REIG levels were higher for experienced 265 

compared to new users. These higher values could be attributed to a slight trend for 266 

more severe hearing loss in the experienced users. Participants did not have access 267 

to volume controls, and no alterations in gain were made during the study, and 268 

participants with measured alterations in gain (>10 dB over more than 1 test 269 

frequency) between baseline and completion of the study were excluded from 270 

analysis (n = 4). Mean changes in REIG between baseline and completion of the 271 

study ranged from -0.6 dB (SD = 2.9) to 1.1 dB (SD = 2.5) across frequencies; the 272 

mean change in REIG was not statistically significant based on repeated-measures 273 

ANOVA (p’s < 0.05). Variation in gain was consistent with short-term test-retest 274 

REIG data (Hawkins et al. 1991). For new hearing aid users, the average hours of 275 

use per day was recorded from hearing aid data logging at the end of the study. Data 276 

logging was not available for the experienced hearing aid users.  277 

 (FIGURE 2 here) 278 

Protocol 279 

New users were tested on the day of fitting and at 1, 7 and 30 days post 280 

fitting. The same order of testing was used at each test session. Experienced 281 

hearing-aid users were tested at the same time points to control for the possible 282 

effects of repeating the tests on performance. The test protocol is summarized in 283 

Table 1.  284 

 285 

(TABLE 1 here) 286 

Outcome measures 287 

Speech in Noise (SIN) recognition  288 

Institute of Electrical and Electronics Engineers (IEEE) sentences were presented at 289 

65 dB SPL from a center speaker (at 0 degrees azimuth and ear level) with 290 

background noise at an initial SNR of +4 dB. The background noise was selected 291 

from a corpus of sound recordings of non-speech background noise from a variety of 292 

real-world settings from the Database of Annotated Real Environmental Sounds 293 

(DARES; van Grootel et al. 2009) in order to maximize ecological validity. Six 294 

different recordings of background noise from the DARES database were used 295 
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including ‘cafeteria noise’, ‘supermarket noise’, ‘courtyard noise’, ‘ventilation noise’ 296 

and two different recordings of ‘office noise’. The background noise type for each 297 

speech recognition task run was randomly selected. No recording contained any 298 

intelligible speech. Background noise was presented from two loud speakers placed 299 

symmetrically at ±45 degrees azimuth. The level of background noise was varied 300 

adaptively contingent on correct identification of all the content words in the target 301 

sentence, with the 50% correct recognition threshold being estimated. The initial step 302 

size was 4 dB for the first 4 reversals, reducing to 2 dB steps for the final ten 303 

reversals. The final eight reversals were averaged to provide the SNR for 50% 304 

criterion performance.  305 

Auditory distraction task 306 

The basis of the auditory distraction task was a visual serial recall task, previously 307 

used in research on auditory distraction (Cassidy and MacDonald 2007). After a 308 

delay of 8 seconds, participants were required to recall a series of 8 digits presented 309 

in sequence on a visual display.  Following a practice run, participants performed the 310 

recall task i) in background noise with hearing aids and ii) without hearing aids in 311 

quiet. Background noise was presented via two symmetrically located loud speakers 312 

(as for the SIN task; ± 45 degrees azimuth) at 55 dB SPL. The 55 dB SPL 313 

presentation level was chosen to represent low level background noise comparable 314 

to noise levels typically experienced in home and department store settings 315 

(Pearsons et al. 1977). The background noise was the same six different noise 316 

recordings from the DARES database (van Grootel et al. 2009) as used with the 317 

speech in noise recognition test. A different noise was used for each run. A total of 318 

12 trials in each condition (noise/quiet) were presented, 8 digits in each trial giving 319 

with a maximum score of 96 correct in each condition. Trials were presented in two 320 

blocks of 6, with the order of presentation counter balanced across participants (i.e. 321 

noise/quiet/noise/quiet or quiet/noise/quiet/noise). The measure of distraction was 322 

calculated as digit recall performance in quiet minus performance in background 323 

noise (% correct). After completing the distraction task, participants rated the 324 

annoyance and distraction of the background noises using a rating system by 325 

Palmer et al. (2006); How annoying did you find the background sounds played 326 

during the memory task? and How distracting did you find the background sounds 327 

played during the memory task? Participants rated annoyance and distraction on a 328 
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10 point Likert scale with descriptive anchors ‘Not annoying at all’/’Not distracting at 329 

all’ at 0 to ‘Very annoying’/’Very distracting’ at 10.  330 

Acceptable Noise Level (ANL)  331 

The ANL (Fry Electronics Inc.,Tigard OR) was administered without hearing aids as 332 

per the instructions for the ANL. A target story was played at 55 dB SPL over a loud 333 

speaker. The participant adjusted the level of the story in 2 dB steps until the level 334 

was at the most comfortable listening level (MCL). The target story was then 335 

presented at the participant’s MCL, and the participant asked to adjust the level of 336 

background noise (BNL) until the participant felt they could only just follow the target 337 

story. The ANL was taken as MCL minus BNL. Smaller ANL values correspond to 338 

greater tolerance of background noise.  339 

Self-report measures 340 

On completing the study, participants completed two self-report measures: 1. The 341 

International Outcome Inventory-Hearing Aids (IOI-HA) questionnaire, which 342 

includes 7 questions relating to use, benefit and residual hearing difficulty (Cox et al. 343 

2002); 2. A self-report questionnaire about changes in the ‘annoyance’ of amplified 344 

sounds and awareness of the HA over the course of the study (Palmer et al., 2006). 345 

Awareness of the hearing aid was defined as the proportion of the time the 346 

participant reported being consciously aware of wearing the hearing aid. The 347 

questions in the self-report questionnaire were as follows: 348 

1. Compared to when you first started using your hearing aid, how noticeable do 349 

you find background sounds (e.g. wind, rustling clothes or hair, footsteps, 350 

mechanical or electrical sounds)?  351 

2. Compared to when you first started using your hearing aid, how annoying do 352 

you find background sounds in quiet environments, such as a quiet office or 353 

room?  354 

3. Compared to when you first started using your hearing aid, what proportion of 355 

the time are you consciously aware that you are wearing it? 356 

Responses were recorded on a Likert scale from -5 to +5, with descriptive anchors 357 

‘Much more noticeable’, ‘Unchanged’ and ‘Much less noticeable’ at -5, 0 and +5, 358 

respectively. Responses on these three questions were summed to create a variable 359 

named ‘Self-reported change in aided sound’.  360 

 361 
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Wechsler Abbreviated Scale of Intelligence-II (WASI-II) 362 

New hearing aid users completed the block design subtest of the WASI-II (Wechsler 363 

2011) as an index of general cognitive ability which has previously been used in 364 

hearing aid acclimatization studies (Dawes et al. 2013b; Dawes, Munro, et al. 365 

2014a). The block design test involves timed construction of a geometric pattern 366 

using coloured blocks.  367 

 368 

RESULTS 369 

All data were checked to ensure normality of distribution and that data met the 370 

assumptions for parametric testing. 371 

Speech in noise recognition (SIN) 372 

There was a significant improvement over time for all participants (Figure 3a; main 373 

effect of time; F(3,49) = 3.20, p = 0.02), but no significant time*group interaction 374 

(F(3,49) = 0.94, p = 0.94). In other words, in the new user group as a whole, there 375 

was no statistically significant improvement in SIN compared to the control group. 376 

This pattern of results is consistent with a general practice effect. There was no 377 

evidence for an acclimatization effect which was hypothesized to have been 378 

observable in the form of greater improvement in the new user group. However, 379 

improvement in SIN among the new user group was associated with severity of 380 

hearing loss and with hearing aid use (see ‘Correlates of improvements in speech in 381 

noise recognition’ below). The new user group included participants with mild levels 382 

of hearing loss, and hearing aid use varied widely (0.3 to 14 hours per day). We 383 

therefore applied selection criteria for severity of hearing loss and hearing aid use 384 

previously used in auditory acclimatization studies (pure tone average >40 dB HL 385 

and daily hearing aid use >6 hours per day; criteria as recommended by Palmer et al 386 

1998 and used by Dawes et al 2013a, 2013b and Dawes et al 2014a, 2014b) and re-387 

ran the analysis for the participants that fit these selection criteria (new users N=10; 388 

experienced users N=16; Figure 3b). There was a significant improvement over time 389 

(F(3,22) = 7.21, p < 0.01) and a significant time*group interaction (F(3,22) = 4.55, p = 390 

0.01). This pattern of results is consistent with an acclimatization effect in the form of 391 

greater improvement for new hearing aid users (with hearing loss >40 dB HL and 392 

who use their hearing aids >6 hours per day) compared to a control group of 393 
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experienced hearing aid users. Comparing performance within the subset of new 394 

users for Day 1, Day 7 and Day 30 versus the day of fitting, there was a significant 395 

improvement at Day 30 only (t(25) = 3.16, p < 0.01). The size of improvement in the 396 

new user group was 4.1 dB, versus 0.8 dB in the experienced user group. An 397 

improvement of ~3 dB in SIN may therefore be attributable to acclimatization in this 398 

sub-group of new hearing aid users. 399 

(FIGURE 3 here) 400 

 401 

Distraction task 402 

Distraction scores (Figure 4) were expected to progressively decrease over time (i.e. 403 

high positive scores at initial fitting and low positive scores at Day 30. The pattern of 404 

performance actually showed a small positive score at Day 0, with mixture of small 405 

positive and negative scores at different time points; negative scores indicate better 406 

performance in noise conditions versus quiet. The average size of the absolute 407 

difference between conditions was small (ranging between 0 to 8% across groups 408 

and across test occasions).  409 

There was a statistically significant main effect of time (F(3,49) = 4.60, p < 0.01), but 410 

no significant time*group interaction (F(1,49) = 1.89, p = 0.14). This pattern of results 411 

is consistent with a general practice effect. There was no significant correlation 412 

between distraction and ANL (r = -0.33, p = 0.06). There were no significant 413 

correlations between distraction scores on consecutive test occasions (r’s 0.02-0.30, 414 

p>0.05; two-tailed). In contrast to SIN, there was no association between change in 415 

distraction between Day 0 and Day 30 and severity of hearing loss and hearing aid 416 

use or any other factor (r’s 0.07-0.32, p>0.05). There was no significant effect of time 417 

or time*group interaction for the subset of new hearing aid users with hearing loss 418 

>40 dB HL and who use their hearing aids >6 hours per day (time: (F(3,22) = 2.48, p 419 

= 0.09), time*group: (F(3,22) = 1.46, p = 0.25). 420 

 421 

(FIGURE 4 here) 422 

 423 
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Examining self-report of annoyance and distraction in relation to the distraction task, 424 

experienced users tended to rate the background noise as being more annoying and 425 

distracting than new users (Figure 5). There was no significant change in distraction 426 

or annoyance ratings between Day 0 and any subsequent time point for either new 427 

users or experienced users (p’s > 0.05; Wilcoxon signed rank test). 428 

 429 

(FIGURE 5 here) 430 

 431 

Correlates of improvements in speech in noise recognition 432 

There was no association between improvement in SIN and change in distraction or 433 

WASI score among new hearing aid users (n = 35; r = -0.18, p = 0.30; r = 0.26, p = 434 

0.13). Improvements in SIN were associated with poorer hearing, greater hearing aid 435 

use and self-report of background sounds being less noticeable or annoying (Figure 436 

6). Improvements in SIN were positively associated with hearing aid benefit (IOI-HA).  437 

 (FIGURE 6 here) 438 

 439 

DISCUSSION 440 

Hypothesis #1. Speech recognition thresholds in noise would improve with time post 441 

hearing aid fitting for new hearing aid users 442 

We observed an improvement in SIN for a subset of new hearing aid users (with 443 

pure tone average >40 dB HL and HA use >6 hours/day) versus experienced 444 

hearing aid users tested at 30 days after first hearing aid fitting. Greater 445 

improvement in SIN was associated with greater hearing aid benefit (IOI-HA). 446 

Following reports from hearing aid users (Dawes, Maslin, et al. 2014), we had 447 

expected that SIN improvements associated with reduced intrusiveness of ‘annoying 448 

sounds’ may occur within the first week of hearing aid use. However, the 449 

improvement observed in the present study for a subset of new hearing aid users 450 

(with pure tone average >40 dB HL and HA use >6 hours/day) emerged at the test 451 

point 30 days after fitting (Figure 3). Previous studies also suggested that 452 

improvements may not emerge until after at least several weeks after hearing aid 453 
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fitting (Munro 2008). In the present study, aided SIN was not measured beyond 30 454 

days post fitting. In retrospect, it would have been useful to include longer term 455 

measures to chart the time course of changes after 30 days post fitting.  456 

In the analysis of a subset of new hearing aid users (with pure tone average >40 dB 457 

HL and HA use >6 hours/day), mean performance is at a similar level to that of 458 

experienced users at Day 0; however, by Day 30, new users have better 459 

performance than experienced users. One might have expected new users to begin 460 

with poorer SIN, and improve to the level of experienced users. Possible reasons for 461 

experienced hearing aid users’ poorer SIN performance are first, experienced 462 

hearing aid users were older and had poorer hearing thresholds than new users (cf 463 

Cox and Alexander, 1992). Both age and average hearing threshold were correlated 464 

with SIN performance in the study sample (r = 0.48, p < 0.01; r = 0.26 p < 0.05, 465 

respectively). Second, the consistency of hearing aid use in experienced users could 466 

not be confirmed with data logging; the experienced users may use their hearing 467 

aids less consistently than the subgroup of new users selected on the basis of HA 468 

use being >6 hours/day.  469 

Previous research on auditory acclimatization to hearing aids has been inconsistent 470 

(Turner and Bentler 1998). In our previous auditory acclimatization study, we did not 471 

detect any improvements in SIN in new hearing aid users compared to controls 472 

(Dawes, Munro, et al. 2014a). In the present study, we reported a large improvement 473 

(~3dB) in a subgroup of new hearing aid users (with pure tone average >40 dB HL 474 

and HA use >6 hours/day) over controls. Possible reasons for the difference 475 

between the present study and our previous (2014a) auditory acclimatization study 476 

may relate to i) the use of a subgroup of new users in the present study who were 477 

consistent hearing aid users and had more severe levels of hearing loss, and/or ii) 478 

use of a different measure of speech recognition in noise. In the present study, 479 

naturalistic recordings of background noise were used rather than broadband noise 480 

typically used in previous studies. While it is possible that the use of different noise 481 

types on each run of the speech test may have affected the results, our baseline 482 

measures showed that there were no significant differences in speech-in-noise 483 

thresholds obtained with the different noise types. Hearing aid users may learn to 484 

ignore naturalistic background noise, but could be less likely to ignore broadband 485 

noise and similar noise maskers not usually encountered in daily life.  Further, in the 486 
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present study, the intensity of noise varied adaptively to track recognition threshold; 487 

Dawes et al (2014a) and other previous studies (e.g. Munro & Lutman 2003) 488 

assessed accuracy of speech recognition at fixed SNRs.  489 

Hypothesis #2. New hearing aid users would show reduced distractibility to noise 490 

over time and Hypothesis #3. Improved speech recognition in noise would be 491 

associated with reduced distractibility to background sounds 492 

New users did not show reduced distractibility on a digit recall task over time 493 

compared to the control group of experienced users. On Day 0, the distracting effect 494 

of background noise of digit recall was small; ~3% on average across participant 495 

groups. Because there was no strong distracting effect at the beginning of the study, 496 

the distraction task may not have been sensitive to small changes in the distracting 497 

effect of background noise.  498 

There were also no changes on self-report of the annoyance or distraction ratings of 499 

the background noise used during the distraction task. Contrary to expectation, 500 

experienced users rated the background noise as being more annoying and 501 

distracting during the distraction task than new users did. As discussed above in 502 

relation to speech recognition in noise, the difference in annoyance and distraction 503 

ratings between experienced and new users may be due to experienced users being 504 

older and having poorer hearing than new users. Investigation revealed no 505 

association between age or hearing loss and annoyance or distraction ratings (r’s 506 

<0.01, ns), so it seems unlikely that the difference in ratings is due to group 507 

differences in age or hearing. A possible explanation for the difference between 508 

groups may be that new users’ lower ratings of distraction and annoyance may be 509 

due to a ‘halo effect’. The initial experience of increased audibility may lead to more 510 

favourable subjective ratings of aided listening by new hearing aid users than 511 

experienced hearing aid users who may experience ongoing hearing difficulties in 512 

background noise (Malinoff et al. 1989; Taylor 1993). 513 

The distraction task, SIN and ANL all share the requirement to focus on a target 514 

while ignoring distracting background sound (i.e. focused auditory attention). One 515 

would therefore have expected performance on the tasks to be correlated. However, 516 

we found that the distraction task, SIN and ANL did not correlate with each other. 517 

One explanation may be that they do not tap a common underlying factor (i.e. do not 518 
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relate to auditory attention). However, our interpretation was that the ANL and the 519 

distraction test may not be reliable measures. One recent review paper identified 520 

large differences on re-test and low re-test reliability for the ANL (Olsen and 521 

Brännström 2014). For the distraction task, retest correlations were small and mostly 522 

non-significant (cf the SIN test with retest r’s>0.7), the size of the effect of distraction 523 

was small on average (<8%), and at some time points, the difference between 524 

performance in the two conditions was in the opposite direction to expected (i.e. 525 

better performance in noise than in quiet). The research audiologist who 526 

administered the distraction task reported that ‘lapses’ in performance were 527 

common. Participants would perform consistently, but then fail several trials in 528 

sequence after having lost concentration. Older people are known to have more 529 

variable task performance than younger people (MacDonald et al. 2009). 530 

Participants in the present study were aged around 70 years, and participants’ 531 

variable performance (reflected by lapses of concentration) may have adversely 532 

affected the reliability of the distraction task.  The task was based on a paradigm 533 

used in a large body of research into the distracting effects of background noise 534 

(Cassidy and MacDonald 2007; Jones et al. 2010). However, previous research with 535 

this paradigm has mostly been carried out with undergraduate student participants. 536 

For example, Cassidy & McDonald (2007) reported a large effect of noise on a 537 

memory task, with worse immediate recall in noise versus quiet (effect size r = 0.7 538 

versus r = 0.05 in the present study). Although the distraction task used in the 539 

present study was piloted with older adults, performance of this task by a clinical 540 

sample of older hearing impaired participants may be much more variable than for 541 

undergraduate participants. We therefore conclude that the distraction task was not 542 

a reliable measure in the present study. In the face of the apparent unreliability of the 543 

distraction task, we must rely on self-report measures as an alternative index of 544 

‘distraction’ (hypothesis #3). It would be desirable to identify a reliable behavioural 545 

measure of ‘distraction’ that would be applicable to older hearing impaired 546 

participants and which could facilitate further investigation into acclimatization to 547 

hearing aids based on the distracting effects of amplified background sound.  548 

Hypothesis #4. Improvements in speech recognition and distraction would be 549 

accompanied by self-report of reduced annoyance 550 
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Improvements in SIN were associated with self-report of reduced annoyance of 551 

amplified background sound and reduced consciousness of wearing a hearing aid. 552 

This was consistent with the hypothesis of reduced intrusiveness of background 553 

sounds being linked to improvements in SIN performance. However, self-report 554 

measures are susceptible to bias (Dawes et al. 2011) so due caution is warranted in 555 

interpretation. We suspect that there was no association between self-report of 556 

reduced annoyance and change in distraction on the behavioural task because of 557 

the unreliability of the behavioural task (as described above).  558 

 559 

Hypothesis #5. Improvements in speech recognition and distraction would be 560 

associated with higher general cognitive ability and more consistent hearing aid use 561 

Improvements in SIN were not associated with higher general cognitive ability. More 562 

consistent hearing aid use was associated with improvement in speech recognition.  563 

Severity of hearing loss was also a predictor of improvement in speech recognition, 564 

perhaps because potential gains in speech recognition are greater for those with 565 

more severe hearing loss. Consistent hearing aid use could support greater auditory 566 

acclimatization and benefit (Mueller and Powers 2001; Palmer et al. 1998). 567 

Conclusions 568 

Improvements in aided speech recognition in noise that were observed in new 569 

hearing aid users in the present study at 30 days post hearing aid fitting may be 570 

predicted by severity of hearing loss and consistent hearing aid use. Improvements 571 

were greatest for new hearing aid users with more severe hearing losses and those 572 

who used their hearing aids consistently. Compared to a control group of 573 

experienced users, there was a significant improvement in aided speech recognition 574 

in noise over time in a subgroup of new HA users with more severe hearing loss who 575 

used hearing aids consistently. Improvement in aided SIN was associated with 576 

increased self-reported HA benefit. Improvement in aided SIN was also associated 577 

with self-reported reduction in the intrusiveness of background sound. There were no 578 

associations between improvement in SIN and the ANL or the distraction measure. 579 

The ANL and distraction measures did not correlate with each other.  580 
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Figure 1. Mean hearing thresholds for new and experienced hearing aid users. Error 714 

bars show ±1SD about the mean. 715 

 716 

Figure 2. Mean real ear insertion gain (REIG; dashed line) and prescribed gain 717 

targets (grey) for 65 dB input signal level. Error bars show ±1SD about the mean. 718 

 719 

Figure 3. Speech in noise performance for experienced and new hearing aid users 720 

(sub sample with pure tone average >40 dB HL and HA use >6 hours/day). Error 721 

bars show ±1SD about the mean. 722 

 723 

Figure 4. Distraction task performance (digit recall in noise minus recall in quiet). 724 

Error bars show ±1SD about the mean. 725 

 726 

Figure 5. Annoyance and distraction ratings of background noise during the 727 

distraction task. Higher scores indicate greater annoyance/distraction. Error bars 728 

show ±1SD about the mean. 729 

 730 

Figure 6. Scatter plots showing correlates of change in aided speech recognition in 731 

noise for all new hearing aid users (n = 35) 732 

 733 

 734 

  735 
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