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Abstract 
Purpose: The aim of the current study was to explore the construct validity and internal 

consistency reliability of the ICF-based original English version of the Hearing and 

Functioning in Everyday Life Questionnaire (HFEQ) and to revise the HFEQ based on the 

results.  

Method: This study used a cross-sectional survey design. The data were collected using an 

online survey. Adults with self-reported hearing disability (n=513) from the United States 

were included. The International Classification of Functioning, Disability and Health (ICF) 

components of body functions, activity and participation and environmental factors were 

tested as the underlying structure of the HFEQ using confirmatory factor analysis and then 

adjusted by triangulation with previous content validation (Karlsson et al., 2023a). 

Results: The results of the current study confirmed the ICF components of body functions, 

activity and participation and environmental factors as underlying constructs of the HFEQ. 

However, after triangulation with previous content validation (Karlsson et al., 2023a), fine 

adjustments were made. The revised version of the HFEQ includes two removed items and a 

fine-tuned factor structure. 

Conclusion: The results confirm that the structure of the HFEQ aligns with the ICF and the 

overall results indicate that HFEQ has acceptable construct validity and internal consistency. 
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Introduction 1 

Hearing loss is a common health condition worldwide. The consequences of hearing loss 2 

impact many parts of everyday life, including reduced ability to perceive sounds (World 3 

Health Organization [WHO], 2021), negative emotions (Stephens & Kerr (2001) and 4 

stigmatization (Shukla et al., 2020). Overall, hearing loss impacts communication ability and 5 

leads to activity limitations and participation restrictions (WHO, 2021). Because of the extent 6 

of the impact of hearing loss, auditory rehabilitation is currently considered an inclusive and 7 

multidisciplinary area (Boothroyd, 2007; Ferguson et al., 2019; WHO, 2021) and hence, to 8 

assess the consequences of hearing loss on people’s everyday life, there is a need for different 9 

measurements (Boothroyd, 2007; Ferguson et al., 2019). 10 

To capture relevant issues in an individual’s life within audiological rehabilitation, a 11 

combination of measures such as pure tone audiometry, speech audiometric tests, real ear 12 

measurements and patient-reported outcome measures (PROMS) are needed (WHO, 2021). 13 

There are many different PROMS within audiological rehabilitation that measure different 14 

constructs, such as hearing aid satisfaction, self-reported disability or communication skills 15 

(Granberg et al., 2014). Until recently, a majority of the PROMS within audiological 16 

rehabilitation focused on hearing impairment, hearing aid benefit/satisfaction, hearing 17 

disability and problems experienced (Manchaiah, et al., 2019). However, the focus has started 18 

to shift to include measurements of functioning. Functioning is a relatively new term in the 19 

audiological field that emerged with the development of the International Classification of 20 

Functioning Disability and Health (ICF) (WHO, 2001). The ICF is a classification and a 21 

conceptual model of disability and health. It has a hierarchical structure and consists of two 22 

parts: (1) functioning and disability and (2) contextual factors. Functioning consists of the 23 

components body functions and body structures and activity and participation, and contextual 24 

factors consist of the components environmental factors and personal factors (WHO, 2001). 25 
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According to the ICF, functioning is related to contextual factors and includes the interaction 26 

between all components: body structures, body functions, activity, participation, 27 

environmental factors, and personal factors (WHO, 2001). 28 

Within audiology, the term functioning has no general definition. In the current study, the 29 

expression everyday functioning is defined as an individual’s experience of how well different 30 

parts of everyday life (body functions, activity, participation, and environmental factors) 31 

interact with regard to hearing. To describe the complexity of living with hearing loss and 32 

practice a multidimensional (bio-psycho-social) approach within audiological rehabilitation 33 

(WHO, 2021), functioning is an important phenomenon that can be measured with PROMs or 34 

the ICF Core Sets for Hearing Loss (Alfakir & Holmes, 2017; Karlsson et al., 2023a; van 35 

Leeuwen et al., 2020). As part of audiological rehabilitation, everyday functioning can 36 

provide an inclusive picture of hearing issues in a patient’s everyday life compared with 37 

rehabilitation that focuses only on hearing technology. 38 

The first version of the Hearing and Functioning in Everyday Life Questionnaire (HFEQ, 39 

Karlsson et al. 2023a) was developed by an international expert group in 2019 with the aim of 40 

measuring everyday functioning for adults with hearing loss. The first version of the HFEQ 41 

consisted of 30 items and was a self-assessment instrument. The items of the first version of 42 

the HFEQ can be found as supplemental material in the study by Karlsson et al. (2023a). The 43 

HFEQ is based on the validated Brief ICF Core Set for Hearing Loss, and the development 44 

process is described by Karlsson et al. (2023a). To obtain a multidimensional view of hearing 45 

loss, the HFEQ items include the following ICF components: body functions, activities and 46 

participation and environmental factors. The intention of the HFEQ is to be usable as an 47 

outcome measure both clinically and within research. The HFEQ has a five-point rating scale 48 

with the rating options 1 = not at all, 2 = to a small extent, 3 = to a moderate extent, 4 = to a 49 

large extent, and 5 = to the full extent. Finally, there is an extra option, not applicable, that 50 
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can be used if the item is experienced as not relevant by the respondent. The rating scale and 51 

the not applicable option are in line with the ICF standard (WHO, 2001). 52 

 53 

When developing a new PROM, it is important to investigate its psychometric properties, 54 

such as content validity, construct validity and reliability, to ensure that the PROM is valid 55 

(Hall, et al., 2018; Mokkink et al., 2018; Terwee et al., 2006). Moreover, it is important to 56 

conduct several studies that include different psychometric aspects (Mokkink et al., 2018). 57 

The content validity of the HFEQ has been investigated in a qualitative study (Karlsson et al., 58 

2023a), so the next step is to investigate the construct validity and internal consistency 59 

statistically. According to the Consensus-Based Standards for the Selection of Health 60 

Measurement Instruments (COSMIN) taxonomy, construct validity includes the underlying 61 

structural validity, which aims to investigate an instrument’s or PROM’s underlying 62 

construct. The umbrella term reliability consists of several parts, one of which is “internal 63 

consistency,” which describes the degree of interrelations between the items of an instrument 64 

(Mokkink et al., 2010). 65 

The content validity of the HFEQ has been tested with satisfactory results (Karlsson et al., 66 

2023a) that indicate that the items are perceived as relevant and comprehensible by people 67 

with hearing loss and that the HFEQ is easy to administer. However, other psychometric 68 

properties of the HFEQ, such as the construct (or structural) validity, remain to be 69 

investigated. Consequently, the aim of the current study was to examine the construct validity 70 

and internal consistency reliability of the original English version of the HFEQ. Based on the 71 

results of the current and previous studies, revisions were made to the HFEQ. 72 

Method 73 

Design 74 

This study utilized a cross-sectional design based on an online survey administered to a 75 
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sample of adults with self-reported hearing disability in the United States. Ethical approval 76 

was obtained from the Institutional Review Board at Lamar University, USA (IRB-FY21-77 

102). Informed consent was obtained from all subjects involved in the study. 78 

Data Collection 79 

An electronic survey was administered using the Qualtrics platform (Qualtics.com). A 80 

convenience sampling methodology was used by inviting adults (≥18 years) with self-reported 81 

hearing disability to complete the informed consent form and the survey. Invitations were sent 82 

to members of the Hearing Tracker community (Hearingtracker.com), which is an online 83 

platform that provides information about hearing devices to consumers and is based in the 84 

United States. The survey was anonymous, and no personally identifiable information (e.g., 85 

name, email, ID, IP number) was collected. 86 

Survey 87 

The survey included four sections: (a) demographic questions; (b) a measures of self-assessed 88 

hearing loss based on the WHO’s definition of hearing loss (WHO, 1991); (c) the Hearing 89 

Handicap Inventory for Elderly – Screening version (HHIE-S), a measure of self-reported 90 

hearing disability (Ventry & Weinstein, 1982); and (d) the HFEQ (described in the 91 

introduction). The WHO’s definition of hearing loss and the HHIE-S were included because 92 

there was no access to the results of pure tone audiometry and/or speech audiometric tests. 93 

For the HHIE-S and the HFEQ, the participants were given the instruction that if they used a 94 

hearing aid, they should answer the way they heard with the hearing aid or other hearing 95 

device. 96 

Demographic Information 97 

The demographic questions included the variables of sex, age, level of education, hearing aid 98 

use, occupational status, ethnicity, race, and the length of time the participant had hearing 99 

loss. 100 
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HHIE-S 101 

The Hearing Handicap Inventory for Elderly (HHIE) is a measure of self-reported hearing 102 

disability (Ventry & Weinstein, 1982). The psychometric aspects of the HHIE have been 103 

tested in various studies (Humes, 2021; Ventry & Weinstein, 1982; Weinstein et al., 1986), 104 

and the HHIE has been translated into various languages. The items of the HHIE concern 105 

emotions, family, and the ability to communicate and participate in activities (Lichtenstein et 106 

al., 1988). Based on the HHIE, there is a valid, 10-item screening version called the HHIE-S 107 

(Lichtenstein et al., 1988). The HHIE-S is used in the same way as the original version of the 108 

HHIE. An example item of the HHIE-S is “does a hearing problem cause you difficulty when 109 

visiting friends, relatives, or neighbors?” The rating scale has three options, yes (4 points), 110 

sometimes (2 points), and no (0 points). Based on the answers, a sum score is calculated. 111 

When the results of the HHIE-S are reported, the sum score is divided into three categories of 112 

hearing loss and disability, where 0-8 points indicate a 13% probability of hearing loss/no 113 

disability, 10-24 points indicate a 50% probability of hearing loss/mild-moderate disability, 114 

and 26-40 points indicate an 84% probability of hearing loss/severe disability (Ventry & 115 

Weinstein, 1982). In the current study, the HHIE-S was used only to collect data on self-116 

reported hearing loss, and the results of the HHIE-S are not reported further in this study. 117 

WHO’s Definition of Hearing Loss 118 

The WHO’s definition of hearing loss is a subjective measure that focuses on functional 119 

communication deficits associated with the degree of hearing impairment (WHO, 1991). The 120 

WHO’s definition and degree system has been validated with satisfactory results (Humes, 121 

2019), and there is an association between the WHO’s degree of hearing loss, self-reported 122 

hearing disability and speech recognition measures. In the current study, the WHO’s 123 

definition was included in the demographic section with the item, “Choose the option that 124 

describes your hearing situation the most (only one option).” The response options were the 125 
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same as in the original definition (WHO, 1991): (0) no or very slight hearing problems, able 126 

to hear whispers, (1) able to hear and repeat words spoken in a normal voice at 1 m, (2) able 127 

to hear and repeat words using a raised voice at 1 m, (3) able to hear some words when 128 

shouted into the better ear, and (4) unable to hear and understand even a shouted voice. Each 129 

response option (0-4) can be translated into a degree of hearing loss (Humes, 2019), as shown 130 

in Table 1. 131 

- Place Table 1 near here -  132 

Data Analyses 133 

The variable of age was divided into three groups (18-40 years, 41-60 years and >61 years). 134 

For the HFEQ, the coding of the ten items asked in reverse was reversed before analysis 135 

(items 11, 12, 14, 15, 16, 20, 21, 26, 29, 30). The demographic data and frequency 136 

distributions of the HFEQ ratings were analyzed by descriptive statistics. Spearman’s 137 

correlation was used to explore the correlation between the factors.  138 

Construct validity of the original English version of the HFEQ was examined by 139 

Confirmatory Factor Analysis (CFA) using the Maximum Likelihood Robust Estimator 140 

(MLR). The internal consistency reliability was investigated for the entire HFEQ and for each 141 

factor by Cronbach’s alpha (α). Furthermore, the item-total correlation was calculated for 142 

each factor. The cutoff values used for Cronbach’s alpha were α ≥0.9, which indicates 143 

excellent reliability, α ≥0.8 good reliability, α ≥0.6 questionable reliability and α ≥0.4 low 144 

reliability (Fayers & Machin, 2007). 145 

The HFEQ was revised in a step-by-step procedure to achieve a factor structure that fit well 146 

with the data while still being coherent with theory. This process started with the original 147 

factor structure and was guided by correlations between items (aiming to remove items that 148 

did not correlate with other variables, splitting factors into smaller ones, composing new 149 
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factors, or moving items to other factors). In each step, suggested adjustments were made only 150 

if they were in alignment with previous findings (Karlsson et al., 2023a) and approved by all 151 

authors. Using guiding principles by Brown (2006), several different fit indices were used for 152 

model fit evaluation: the root mean square error of approximation (RMSEA), the Comparative 153 

Fit Index (CFI), the Tucker–Lewis Index (TLI), and the standardized root mean square 154 

residual (SRMR). We considered RMSEA ≤.05, CFI ≥.95, TLI  ≥.95 and SRMR ≤.05 155 

indicative of excellent fit, while 0.05 ≤ RMSEA ≤ 0.08, 0.90 ≤ CFI ≤ 0.95, 0.90 ≤ TLI ≤ 0.95 156 

and 0.05 ≤ SRMR ≤ 0.08 were indicative of acceptable fit (Boateng  et al., 2018; Hu & 157 

Bentler, 1999; Yu, 2002). 158 

For descriptive statistics, IBM SPSS version 25 was used. The significance level was set to p< 159 

0.05. CFA was performed using the lavaan 0.6-12 R package (Rosseel, 2012). 160 

Results 161 

Demographics 162 
In total, 513 adults (63% men) with self-reported hearing disability and self-reported hearing 163 

loss participated in the study (Table 2). The mean time of self-experienced hearing loss was 164 

25 years, and the majority of the participants were hearing aid users (93%). The participants 165 

were mostly highly educated (college or university degree), and the proportion of people 166 

currently working was 30%, compared to 70% of people who were retired or not employed. 167 

All levels of hearing loss were represented (Table 2). 168 

- Place Table 2 near here -  169 

Frequency Distribution 170 

For all items, 5-point scale rating options were used (Table 3). For items 22 (education), 23 171 

(work), 24 (community life) and 29 (whether the community is experienced as accessible), 172 

more than 10% of the participants chose the rating option not applicable. 173 

- Place Table 3 near here -  174 
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Construct Validity and Internal Consistency Reliability 175 

The construct validity of the HFEQ, assuming three underlying concepts (body functions, 176 

activity and participation, and environment; Figure 1a), showed poor to acceptable model fit 177 

(RMSEA=0.076 (95% CI: 0.072-0.080), CFI=0.72, TLI=0.70, SRMR=0.077). This indicates 178 

that construct validity for some underlying concepts had considerable room for improvement. 179 

The internal consistency reliability was α=0.62, for body functions, α=0.92, for activity and 180 

participation, and α=0.48 for environment. 181 

- Place Figure 1a + 1b near here -  182 

Revision of the HFEQ 183 

Improvements to the HFEQ were guided by the correlations of the HFEQ items in Figure 2. In 184 

the first step, items with low correlation to each factor were identified and removed: items 5, 185 

21, 26 and 20. Item 5 dealt with eyesight, which was considered different from the content of 186 

the other body function items. Item 21 was about strategies for communication difficulties, 187 

while the other questions were about other difficulties. Items 26 and 20 considered specific 188 

facilitators (by family support and technologies) related to the environment, and the other 189 

questions were also related to the environment. 190 

In the second step, the correlations suggested splitting the factor of body functions into three 191 

smaller factors. The first dealt with the ability to detect auditory stimuli (items 1, 2 and 4), the 192 

second dealt with cognitive functions (items 11 and 12), and the third dealt with attitudes 193 

toward listening difficulties (items 14, 15, 16 and 17). 194 

In the third step, the correlations between item 17 from the body functions factor and item 18 195 

from the activity and participation factor showed higher correlations with each other (Figure 196 

2, red rectangles) than with any other variable in their original factors. Both of these dealt 197 
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with negative emotions and stressful situations and were therefore combined into a new factor 198 

named stress and emotions. 199 

- Place Figure 2 near here -  200 

In the fourth step, correlations suggested splitting the factor activity and participation factor 201 

into two smaller factors. The first dealt with communication at an individual level (items 3, 6, 202 

7, 8, 9 and 10), and the second dealt with communication at a social level (items 19, 22, 23, 203 

24, 25 and 27). 204 

In the fifth and final step, correlations with item 3 suggested that it was slightly better 205 

positioned in the factor dealing with the ability to detect auditory stimuli (item 3 had the 206 

highest correlation with item 1 and reasonable correlations with items 2 and 4). Since item 3 207 

asked about difficulty listening to everyday sounds (not speech), it theoretically matched with 208 

the content of that factor and was therefore moved. 209 

The final factor model, (Figure 1 b, Table 4) showed good to excellent model fit 210 

(RMSEA=0.049 (95% CI: 0.039-0.058), CFI=0.95, TLI=0.94, SRMR=0.048), indicating 211 

good construct validity. The internal consistency was α=0.71 for Body Functions Auditory 212 

stimuli, α=0.64 for Body Functions – Cognitive functions, α=0.70 for Body Functions - 213 

Attitudes to listening difficulties, α=0.82 for Stress and Emotions, α=0.91 for Activity and 214 

Participation – individual level, α=0.91 for Activity and Participation – social level, and 215 

α=0.63 for Environment. 216 

- Place Table 4 near here -  217 

Discussion 218 

The overall aim of the study was to test the construct validity and internal consistency 219 

reliability and, based on the results, to make revisions of the HFEQ. The results of the current 220 

study confirmed the ICF components body functions, activity and participation and 221 
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environmental factors as underlying constructs of the HFEQ and suggested that some fine 222 

adjustments should be made. The more detailed HFEQ and factor structure (Figure 1b) can 223 

serve as a tool for clinicians regarding different aspects that can be addressed based on the 224 

patient’s HFEQ responses. Moreover, the factor structure suggests several issues that can be 225 

elaborated upon when conducting research about underlying factors of, for example, health, 226 

functioning, and work performance. 227 

Body Functions 228 

Body functions and activity and participation were divided into three underlying factors: 229 

detecting auditory stimuli (including items such as detections of soft sounds, everyday 230 

sounds, sound localization and tinnitus), cognitive functions (items concerning keeping up 231 

when people talk fast and maintaining concentration) and attitudes toward communication 232 

difficulties (such as personality, goalsetting and motivation). All factors were easy to interpret 233 

and seemed logical. 234 

According to the CFA, item 3, concerning the ability to hear everyday sounds, fit into the 235 

factor body functions – detecting auditory stimuli. This is not surprising because even though 236 

the item is built upon the ICF category d115 listening, the item concerns the ability to hear 237 

nonspeech sounds and is therefore closely related to the ICF category b3000 sound detection. 238 

The only item that did not fit into any of the factors was item 5 concerning eyesight. In the 239 

previous qualitative content validation study, this item was experienced by some participants 240 

as irrelevant because they could not understand the connection between hearing loss and 241 

vision (Karlsson et al., 2023a). However, the item was experienced as relevant by people with 242 

visual impairment as well as people with hearing loss who were aware of the importance of 243 

lip reading (Karlsson et al., 2023a). Similar results have been presented in other ICF-related 244 

studies (Afghah et al., 2022; Granberg & Skagerstrand, 2022; Karlsson et al., 2021) and when 245 

validating the Swedish version of the HFEQ (Karlsson et al., 2023b). Because both vision and 246 
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hearing are important for communication, this finding could indicate a need to address this 247 

matter within hearing rehabilitation settings (WHO, 2021; Tye-Murray, 2020). 248 

Stress and Emotions  249 

The results showed a new underlying factor, stress and emotions, which did not fit into the 250 

ICF structure. The factor consisted of two items: “17, to what extent do you experience 251 

negative emotions because of your hearing difficulties?” and “18, to what extent do you have 252 

difficulties handling stressful situations as a person with hearing difficulties?” Item 17 is 253 

based on the ICF category b152 emotional functions, and item 18 is based on d240 handling 254 

stress and other psychological demands (Karlsson et al., 2023a). Item 17 belongs to a body 255 

function category because it concerns experienced emotions, and item 18 belongs to an 256 

activity and participation category because it focuses on the management of stress (WHO, 257 

2001). However, because both items concern psychological aspects, there is a risk that 258 

participants would find them similar and that item 18 would be interpreted as an individual 259 

being stressed because of hearing loss. This understanding was also found in a previous 260 

validation study (Karlsson et al., 2023a) and is an indication that item 18 needs to be clarified. 261 

In other studies evaluating ICF-based questionnaires, items concerning psychological factors 262 

have needed extra attention to become clear and comprehensible. There have also been 263 

indications that this type of topic is less often addressed within hearing rehabilitation, which 264 

could be a reason why participants struggle more with psychological items (Afghah et al., 265 

2022; Portmann Bergamaschi et al., 2014; Postma et al., 2018; van Leeuwen et al., 2020). 266 

Activity and Participation 267 

The activity and participation factor was divided into two underlying factors, one focusing on 268 

the individual level and the other focusing on the societal level. 269 

The first underlying factor includes the activity and participation categories related to 270 

communication at an individual level, for example, the ability to communicate with one 271 
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person in a quiet environment. All categories in this factor address concrete communication 272 

situations in different environments. In a previous study, these items were found to be 273 

relevant and easy to comprehend, but the environment and context were also found to be 274 

important (Karlsson et al., 2023a). Similar results have been found in other ICF-based 275 

instruments (Portmann Bergamaschi et al., 2014; van Leeuwen et al., 2020). This kind of 276 

straightforward communication-related item (e.g., “Are you able to communicate with one 277 

person in a restaurant environment?”) is common in other audiological instruments 278 

(Manchaiah et al., 2019), but in the HFEQ, there are no specific situations described. This 279 

broadness may impact the high experience of relevance for these items. It is also an indication 280 

that patients are familiar with the topic and discuss it with professionals within hearing 281 

rehabilitation settings (Tye-Murray, 2020). 282 

  283 

The second activity and participation factor included items 19, 22, 23, 24, 25 and 27. The 284 

items are at a societal level, such as education, work, community life and interactions with 285 

friends and family, and therefore can be seen as more complex situations compared with the 286 

items of the first activity and participation factor. With regard to the frequency distribution for 287 

these items, the rating option not applicable was chosen by a notably high number of 288 

participants for items 22, 23, and 24. Because these items concern specific situations, i.e., 289 

education, work, and community life, and may not affect every participant, this finding was 290 

expected. A majority of the participants were retired, and the items concerning education and 291 

work were not relevant for them. The same result was found for the item concerning 292 

community life; not everyone was involved in community activities. In a previous qualitative 293 

validation study of the HFEQ, similar results were found, but it was also highlighted that 294 

these items are relevant and important everyday activities for people involved in them 295 

(Karlsson et al., 2023a). The results are in line with the WHO World Report on Hearing 296 
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(WHO, 2021), where work and education are described as important components of everyday 297 

life for people with hearing loss. The recommendation at this stage of the development 298 

process is therefore to keep these three items in the HFEQ. 299 

Environmental Factors  300 

The final factor was the environmental factor, consisting of 4 items (items 13, 28, 29 and 30). 301 

This factor includes a variation of items concerning the physical sound environment (item 302 

13), attitudes in society (items 28 and 29) and support from hearing health care (item 30). 303 

Item 29 (concerning community accessibility) was noted as not applicable by 11.5% of the 304 

participants. The same item was found to be problematic in the initial content validation of the 305 

HFEQ, and its content was perceived as not relevant for most participants (Karlsson et al., 306 

2023a). Moreover, in the current study, 48% of the participants assessed society as accessible 307 

to a large extent or to the full extent. These findings imply that most participants experience 308 

satisfactory accessibility in society, which can be seen as a positive finding. At the same time, 309 

from a psychometric point of view, it is problematic when an item obtains a majority of high 310 

ratings (de Vet et al., 2011); it could be questioned why this item should be included in the 311 

instrument. This finding could be connected to the responses for items 22-24 (work, education 312 

and community activities). If an individual is not participating in these kinds of activities, it 313 

may not be surprising that accessibility in society is rated not applicable because the 314 

individual is not participating in activities where accessibility may be important for 315 

participation. However, accessibility in society is an important aspect for people with hearing 316 

loss and for preventing exclusion in society (WHO, 2021). Item 28 is similar to item 29 and 317 

covers the topics of accessibility and stigma in society. Item 28 was found to be relevant in 318 

both the previous content validation (Karlsson et al., 2023a) and in the current study. It is 319 

therefore suggested to keep item 28 and to exclude item 29. 320 
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Two of the items based on environmental ICF categories (items 20 and 26) did not fit into the 321 

revised model. Item 20 asked whether assistive technology in public places facilitates 322 

participation in activities. This item differed from the other environmental items because it 323 

included three parts: a) whether assistive technology is available, b) whether the respondent 324 

can use it and c) whether it facilitates participation. This is not an optimal item because it 325 

includes several aspects and therefore can be interpreted in several different ways (de Vet et 326 

al., 2011). Item 26 concerns whether the individual’s family supports him or her in everyday 327 

life. This item differs from the other environmental items, which are on a societal level, while 328 

item 26 is at an interpersonal level. It is also possible that family support might be 329 

experienced as related to psychological functions such as emotions. There are correlations 330 

between item 26 and some of the items based on the more psychologically related ICF 331 

categories, which could strengthen this theory. Support from significant others such as family 332 

members is important because they often provide support in difficult communication 333 

situations (Nandurkar & Shende, 2020). 334 

Rating Scale 335 

All response options (1-5) of HFEQ were used which is an indication that it is possible to 336 

discriminate between the response options (Fayers & Machin, 2007) and that individuals have 337 

various experiences concerning everyday functioning. Overall, the scores showed a variation 338 

in ratings (experienced functioning) within the population. This is an indication of the 339 

response options being relevant and that there is a variance concerning the experience of the 340 

particular item. At this stage, no changes in the rating options (1-5) seem necessary.   341 

Another observation concerning the rating scale is that, for some items, there might be a mix-342 

up between the rating option 0, which indicates no problems and the rating option not 343 

applicable. For example, there are many individuals who do not have tinnitus, and 344 

consequently, should choose the option not applicable. However, there is a risk that these 345 
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individuals have chosen option no problem instead because of the similarity between these 346 

two options. This issue cannot be statically controlled for and is a problem with the rating 347 

scale and should therefore be adjusted in the next step of the instrument development.    348 

Revisions Made based on the Study Results 349 

The results of Karlsson et al. (2023a) and the current study were triangulated, and final 350 

revisions were made. The revisions included rewording, adaptations of examples and changes 351 

to the order of items in the HFEQ. The new revised version of the HFEQ can be found at 352 

https://osf.io/jzb4e/. 353 

Overall, the triangulation indicated revision for 25 items (items 1, 3, 4, 5, 6, 7, 9, 10, 12, 13, 354 

14, 15, 17, 18, 19, 20, 22, 23, 24, 25, 26, 27, 28, 29, and 30) and minor changes in wording. 355 

For 12 of these items, the only difference was changing “hearing problems” to “hearing 356 

difficulties” (items 14, 15, 17, 18, 22, 23, 24, 25, 26, 27, 28, 29) because the phrase “hearing 357 

problems” was experienced as stigmatizing. 358 

Because the ICF aims to capture the present experience of functioning, the introductory 359 

instructions to the HFEQ were revised. The new version includes a definition of functioning. 360 

In addition, the time limit of two weeks was changed to thinking about your typical 361 

experience in different environments for both good and bad days. The rating scale was kept, 362 

and the extra option not applicable was changed to not relevant for me to separate it from 363 

option 1, no problem. 364 

Two items were removed (items 8 and 29). Item 8 concerned understanding unfamiliar voices 365 

and was overlapped and covered in items 6-10. Item 29 was experienced as difficult to 366 

respond to by the participants, and there was an overlap between items 28 and 29. One new 367 

item (item 1) was developed during the revision. The item concerns general health, which was 368 

a topic that the participants in the qualitative content validation of the HFEQ addressed 369 

https://osf.io/jzb4e/
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because co-occurring health statuses may influence everyday functioning (Karlsson et al., 370 

2023). 371 

Based on the CFA and the results of the content validation (Karlsson et al., 2023), both of 372 

which indicated that the HFEQ needed to be restructured to become more logical and easier to 373 

administer, six subscales were developed because a logical and easily followed structure is 374 

important for feasibility (Fayers & Machin, 2007 ). The subscales were mainly based on the 375 

factors. After revision, the subscales of the HFEQ are health (new, including items that did 376 

not fit the model), hearing (factor: body functions – cognitive functions and detecting 377 

auditory stimuli), communication (factor: activity and participation – individual level), 378 

participation in society (factor: activity and participation – societal level), psychological 379 

resources (factors: body functions – cognitive functions and attitudes toward communication 380 

difficulties) and societal support (factor: environment). 381 

Study Limitations 382 

In the current study, it was not possible to recruit participants from a clinical population 383 

because of restrictions due to the COVID-19 pandemic. Hence, a convenience sample was 384 

used, which may have impacted the variation in the sample concerning the level of education 385 

and the sex of the participants. The majority of the participants were men and were highly 386 

educated, which probably reflects the clinical sample in the U.S. but might be different in 387 

other settings. The same can be said concerning hearing aid usage, as most of the participants 388 

were hearing aid users, which reflects a clinical sample. Previous research indicates that there 389 

are differences in how men and women rate health-related aspects of life (Boerma et al., 2016; 390 

Zajacova et al., 2017) and that the level of education also impacts these aspects (Hu et al., 391 

2016; Kunst et al., 2005). These differences could be expected to be similar for self-392 

assessments of everyday functioning, which may have affected the results in the current study. 393 

It is important to investigate this issue further to ensure that the items are relevant for all 394 
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groups, such as women with low education. However, both men and women, all age groups 395 

and all levels of self-reported hearing disability were represented in the study population. 396 

Moreover, for the variable of occupation, both retired and working people were represented, 397 

and for the variable of hearing aid usage, both hearing aid users and nonusers were 398 

represented. It is important to examine whether the results in the clinical population are 399 

similar to the results in the current study. 400 

Because it is not known how many people on the Hearing Tracker website received the survey 401 

invitation and how many actually opened the email, we are unable to estimate the survey 402 

response rate. It was not possible to collect pure tone audiometry data, which is another 403 

limitation. It would have been valuable to be able to compare the results of the HFEQ with the 404 

results of pure tone audiometry. Nevertheless, self-reported hearing loss/hearing disability 405 

was assessed, and both the WHO definition of hearing loss and the HHIE-S are in good 406 

agreement with pure tone audiometry according to Humes (2019; 2021). Moreover, most 407 

participants were hearing aid users (93%), so it is highly probable that only individuals with 408 

hearing loss took part in the current study. It would be of interest to investigate whether there 409 

are connections between everyday functioning and hearing loss based on pure tone 410 

audiometry and speech audiometry in future research on the HFEQ. 411 

Future Research 412 

The psychometric properties, content validity, construct validity and internal consistency of 413 

the HFEQ have been tested. The revised version of the HFEQ still needs to be further 414 

evaluated, and in the next step, issues such as stability over time (test-retest reliability), the 415 

appropriateness of the scale and readability should be tested (Mokkink et al., 2018). In the 416 

next phases of the development, sum scores and cut-off values should be created and the 417 

sensitivity to change should be tested.  418 
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Conclusions 419 

The current study demonstrated overall satisfactory construct validity and internal consistency 420 

reliability for the first version of the HFEQ. Explainable and clear factors confirmed the ICF 421 

components and yielded the underlying structures. The results showed an even frequency 422 

distribution of the ratings. The results of the current study and a previous qualitative content 423 

validation were triangulated, and based on the findings, the HFEQ was revised to further 424 

strengthen the validity. In summary, the HFEQ shows promising psychometric qualities and 425 

may be a useful tool in audiological rehabilitation settings clinically and within research.  426 
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Figure legend list 571 

Figure 1. a) Original model, b) revised model. PART=Activity and Participation. 572 

ENV=Environmental factors. EMO=Emotions. aud=auditory. I1, I2, …, I30 represent the 30 573 

items of the HFEQ. 574 

Figure 2. Correlogram of the 30 questions (item 1- item 30) in the HFEQ. Positive 575 

correlations are shown in blue, and negative correlations are shown in red. The three original 576 

factors (body functions, activity and participation, and environmental factors) are separated by 577 

solid black lines, while dashed lines are shown to highlight improvements made to the HFEQ 578 

structure. Red and green rectangles are shown to highlight high correlations between variables 579 

from different original factors. 580 
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Abstract 

Purpose: The aim of the current study was to explore the construct validity and internal 

consistency reliability of the ICF-based original English version of the Hearing and 

Functioning in Everyday Life Questionnaire (HFEQ) and to revise the HFEQ based on the 

results.  

Method: This study used a cross-sectional survey design. The data were collected using an 

online survey. Adults with self-reported hearing disability (n=513) from the United States 

were included. The International Classification of Functioning, Disability and Health (ICF) 

components of body functions, activity and participation and environmental factors were 

tested as the underlying structure of the HFEQ using confirmatory factor analysis and then 

adjusted by triangulation with previous content validation (Karlsson et al., 2023a). 

Results: The results of the current study confirmed the ICF components of body functions, 

activity and participation and environmental factors as underlying constructs of the HFEQ. 

However, after triangulation with previous content validation (Karlsson et al., 2023a), fine 

adjustments were made. The revised version of the HFEQ includes two removed items and a 

fine-tuned factor structure. 

Conclusion: The results confirm that the structure of the HFEQ aligns with the ICF and the 

overall results indicate that HFEQ has acceptable construct validity and internal consistency. 
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Introduction 1 

Hearing loss is a common health condition worldwide. The consequences of hearing loss 2 

impact many parts of everyday life, including reduced ability to perceive sounds (World 3 

Health Organization [WHO], 2021), negative emotions (Stephens & Kerr (2001) and 4 

stigmatization (Shukla et al., 2020). Overall, hearing loss impacts communication ability and 5 

leads to activity limitations and participation restrictions (WHO, 2021). Because of the extent 6 

of the impact of hearing loss, auditory rehabilitation is currently considered an inclusive and 7 

multidisciplinary area (Boothroyd, 2007; Ferguson et al., 2019; WHO, 2021) and hence, to 8 

assess the consequences of hearing loss on people’s everyday life, there is a need for different 9 

measurements (Boothroyd, 2007; Ferguson et al., 2019). 10 

To assess the consequences of hearing loss on people’s everyday life, different measurements 11 

are needed (Boothroyd, 2007; Ferguson et al., 2019). In clinical settings and within research, 12 

hearing impairment is often measured by pure tone audiometry and speech recognition tests 13 

(WHO, 2021). As a complement, to investigate the patient’s own experience of hearing 14 

disability, patient-reported outcome measures (PROMS) can be used (Bentler & Kramer, 15 

2000). To capture relevant issues in an individual’s life within audiological rehabilitation, a 16 

combination of measures such as pure tone audiometry, speech audiometric tests, real ear 17 

measurements and patient-reported outcome measures (PROMS) are needed (WHO, 2021). 18 

There are many different PROMS within audiological rehabilitation that measure different 19 

constructs, such as hearing aid satisfaction, self-reported disability or communication skills 20 

(Granberg et al., 2014). Until recently, a majority of the PROMS within audiological 21 

rehabilitation focused on hearing impairment, hearing aid benefit/satisfaction, hearing 22 

disability and problems experienced (Manchaiah, et al., 2019). However, the focus has started 23 

to shift to include measurements of functioning. Based on the International Classification of 24 

Functioning, Disability and Health (ICF), there are three PROMS that measure everyday 25 
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functioning (Alfakir & Holmes, 2017; Karlsson et al., 2023; van Leeuwen et al., 2020). 26 

Functioning is a relatively new term in the audiological field that emerged with the 27 

development of the International Classification of Functioning Disability and Health (ICF) 28 

(WHO, 2001). The ICF is a classification and a conceptual model of disability and health. It 29 

has a hierarchical structure and consists of two parts: (1) functioning and disability and (2) 30 

contextual factors. Functioning consists of the components body functions and body 31 

structures and activity and participation, and contextual factors consist of the components 32 

environmental factors and personal factors (WHO, 2001). According to the ICF, functioning 33 

is related to contextual factors and includes the interaction between all components: body 34 

structures, body functions, activity, participation, environmental factors, and personal factors 35 

(WHO, 2001). 36 

Within audiology, the term functioning has no general definition. In the current study, the 37 

expression everyday functioning is defined as an individual’s experience of how well different 38 

parts of everyday life (body functions, activity, participation, and environmental factors) 39 

interact with regard to hearing. To describe the complexity of living with hearing loss and 40 

practice a multidimensional (bio-psycho-social) approach within audiological rehabilitation 41 

(WHO, 2021), functioning is an important phenomenon that can be measured with PROMs or 42 

the ICF Core Sets for Hearing Loss (Alfakir & Holmes, 2017; Karlsson et al., 2023a; van 43 

Leeuwen et al., 2020). As part of audiological rehabilitation, everyday functioning can 44 

provide an inclusive picture of hearing issues in a patient’s everyday life compared with 45 

rehabilitation that focuses only on hearing technology. 46 

The first version of the Hearing and Functioning in Everyday Life Questionnaire (HFEQ, 47 

Karlsson et al. 2023a) was developed by an international expert group in 2019 with the aim of 48 

measuring everyday functioning for adults with hearing loss. The first version of the HFEQ 49 

consisted of 30 items and was a self-assessment instrument. The items of the first version of 50 
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the HFEQ can be found as supplemental material in the study by Karlsson et al. (2023a). The 51 

HFEQ is based on the validated Brief ICF Core Set for Hearing Loss, and the development 52 

process is described by Karlsson et al. (2023a). To obtain a multidimensional view of hearing 53 

loss, the HFEQ items include the following ICF components: body functions, activities and 54 

participation and environmental factors. The intention of the HFEQ is to be usable as an 55 

outcome measure both clinically and within research. The HFEQ rating scale was developed 56 

to match the items. One example of an HFEQ item is “to what extent do you have difficulties 57 

hearing where a sound comes from?” (Item 2). The HFEQ has a five-point rating scale with 58 

the rating options 1 = not at all, 2 = to a small extent, 3 = to a moderate extent, 4 = to a large 59 

extent, and 5 = to the full extent. Finally, there is an extra option, not applicable, that can be 60 

used if the item is experienced as not relevant by the respondent. The rating scale and the not 61 

applicable option are in line with the ICF standard (WHO, 2001). 62 

 63 

When developing a new PROM, it is important to investigate its psychometric properties, 64 

such as content validity, construct validity and reliability, to ensure that the PROM is valid 65 

(Hall, et al., 2018; Mokkink et al., 2018; Terwee et al., 2006). Moreover, it is important to 66 

conduct several studies that include different psychometric aspects (Mokkink et al., 2018). 67 

The content validity of the HFEQ has been investigated in a qualitative study (Karlsson et al., 68 

2023a), so the next step is to investigate the construct validity and internal consistency 69 

statistically. According to the Consensus-Based Standards for the Selection of Health 70 

Measurement Instruments (COSMIN) taxonomy, construct validity includes the underlying 71 

structural validity, which aims to investigate an instrument’s or PROM’s underlying 72 

construct. The umbrella term reliability consists of several parts, one of which is “internal 73 

consistency,” which describes the degree of interrelations between the items of an instrument 74 

(Mokkink et al., 2010). 75 
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The content validity of the HFEQ has been tested with satisfactory results (Karlsson et al., 76 

2023a) that indicate that the items are perceived as relevant and comprehensible by people 77 

with hearing loss and that the HFEQ is easy to administer. However, other psychometric 78 

properties of the HFEQ, such as the construct (or structural) validity, remain to be 79 

investigated. Consequently, the aim of the current study was to examine the construct validity 80 

and internal consistency reliability of the original English version of the HFEQ. Based on the 81 

results of the current and previous studies, revisions were made to the HFEQ. 82 

Method 83 

Design 84 

This study utilized a cross-sectional design based on an online survey administered to a 85 

sample of adults with self-reported hearing disability in the United States. Ethical approval 86 

was obtained from the Institutional Review Board at Lamar University, USA (IRB-FY21-87 

102). Informed consent was obtained from all subjects involved in the study. 88 

Data Collection 89 

An electronic survey was administered using the Qualtrics platform (Qualtics.com). A 90 

convenience sampling methodology was used by inviting adults (≥18 years) with self-reported 91 

hearing disability to complete the informed consent form and the survey. Invitations were sent 92 

to members of the Hearing Tracker community (Hearingtracker.com), which is an online 93 

platform that provides information about hearing devices to consumers and is based in the 94 

United States. The survey was anonymous, and no personally identifiable information (e.g., 95 

name, email, ID, IP number) was collected. 96 

Survey 97 

The survey included four sections: (a) demographic questions; (b) a measures of self-assessed 98 

hearing loss based on the WHO’s definition of hearing loss (WHO, 1991); (c) the Hearing 99 
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Handicap Inventory for Elderly – Screening version (HHIE-S), a measure of self-reported 100 

hearing disability (Ventry & Weinstein, 1982); and (d) the HFEQ (described in the 101 

introduction). The WHO’s definition of hearing loss and the HHIE-S were included because 102 

there was no access to the results of pure tone audiometry and/or speech audiometric tests. 103 

For the HHIE-S and the HFEQ, the participants were given the instruction that if they used a 104 

hearing aid, they should answer the way they heard with the hearing aid or other hearing 105 

device. 106 

Demographic Information 107 

The demographic questions included the variables of sex, age, level of education, hearing aid 108 

use, occupational status, ethnicity, race, and the length of time the participant had hearing 109 

loss. 110 

HHIE-S 111 

The Hearing Handicap Inventory for Elderly (HHIE) is a measure of self-reported hearing 112 

disability (Ventry & Weinstein, 1982). The psychometric aspects of the HHIE have been 113 

tested in various studies (Humes, 2021; Ventry & Weinstein, 1982; Weinstein et al., 1986), 114 

and the HHIE has been translated into various languages. The items of the HHIE concern 115 

emotions, family, and the ability to communicate and participate in activities (Lichtenstein et 116 

al., 1988). Based on the HHIE, there is a valid, 10-item screening version called the HHIE-S 117 

(Lichtenstein et al., 1988). The HHIE-S is used in the same way as the original version of the 118 

HHIE. An example item of the HHIE-S is “does a hearing problem cause you difficulty when 119 

visiting friends, relatives, or neighbors?” The rating scale has three options, yes (4 points), 120 

sometimes (2 points), and no (0 points). Based on the answers, a sum score is calculated. 121 

When the results of the HHIE-S are reported, the sum score is divided into three categories of 122 

hearing loss and disability, where 0-8 points indicate a 13% probability of hearing loss/no 123 

disability, 10-24 points indicate a 50% probability of hearing loss/mild-moderate disability, 124 
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and 26-40 points indicate an 84% probability of hearing loss/severe disability (Ventry & 125 

Weinstein, 1982). In the current study, the HHIE-S was used only to collect data on self-126 

reported hearing loss, and the results of the HHIE-S are not reported further in this study. 127 

WHO’s Definition of Hearing Loss 128 

The WHO’s definition of hearing loss is a subjective measure that focuses on functional 129 

communication deficits associated with the degree of hearing impairment (WHO, 1991). The 130 

WHO’s definition and degree system has been validated with satisfactory results (Humes, 131 

2019), and there is an association between the WHO’s degree of hearing loss, self-reported 132 

hearing disability and speech recognition measures. In the current study, the WHO’s 133 

definition was included in the demographic section with the item, “Choose the option that 134 

describes your hearing situation the most (only one option).” The response options were the 135 

same as in the original definition (WHO, 1991): (0) no or very slight hearing problems, able 136 

to hear whispers, (1) able to hear and repeat words spoken in a normal voice at 1 m, (2) able 137 

to hear and repeat words using a raised voice at 1 m, (3) able to hear some words when 138 

shouted into the better ear, and (4) unable to hear and understand even a shouted voice. Each 139 

response option (0-4) can be translated into a degree of hearing loss (Humes, 2019), as shown 140 

in Table 1. 141 

- Place Table 1 near here -  142 

Data Analyses 143 

The variable of age was divided into three groups (18-40 years, 41-60 years and >61 years). 144 

For the HFEQ, the coding of the ten items asked in reverse was reversed before analysis 145 

(items 11, 12, 14, 15, 16, 20, 21, 26, 29, 30). The demographic data and frequency 146 

distributions of the HFEQ ratings were analyzed by descriptive statistics. Spearman’s 147 

correlation was used to explore the correlation between the factors.  148 
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Construct validity of the original English version of the HFEQ was examined by 149 

Confirmatory Factor Analysis (CFA) using the Maximum Likelihood Robust Estimator 150 

(MLR). The internal consistency reliability was investigated for the entire HFEQ and for each 151 

factor by Cronbach’s alpha (α). Furthermore, the item-total correlation was calculated for 152 

each factor. The cutoff values used for Cronbach’s alpha were α ≥0.9, which indicates 153 

excellent reliability, α ≥0.8 good reliability, α ≥0.6 questionable reliability and α ≥0.4 low 154 

reliability (Fayers & Machin, 2007). 155 

The HFEQ was revised in a step-by-step procedure to achieve a factor structure that fit well 156 

with the data while still being coherent with theory. This process started with the original 157 

factor structure and was guided by correlations between items (aiming to remove items that 158 

did not correlate with other variables, splitting factors into smaller ones, composing new 159 

factors, or moving items to other factors). In each step, suggested adjustments were made only 160 

if they were in alignment with previous findings (Karlsson et al., 2023a) and approved by all 161 

authors. Using guiding principles by Brown (2006), several different fit indices were used for 162 

model fit evaluation: the root mean square error of approximation (RMSEA), the Comparative 163 

Fit Index (CFI), the Tucker–Lewis Index (TLI), and the standardized root mean square 164 

residual (SRMR). We considered RMSEA ≤.05, CFI ≥.95, TLI  ≥.95 and SRMR ≤.05 165 

indicative of excellent fit, while 0.05 ≤ RMSEA ≤ 0.08, 0.90 ≤ CFI ≤ 0.95, 0.90 ≤ TLI ≤ 0.95 166 

and 0.05 ≤ SRMR ≤ 0.08 were indicative of acceptable fit (Boateng  et al., 2018; Hu & 167 

Bentler, 1999; Yu, 2002). 168 

For descriptive statistics, IBM SPSS version 25 was used. The significance level was set to p< 169 

0.05. CFA was performed using the lavaan 0.6-12 R package (Rosseel, 2012). 170 
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Results 171 

Demographics 172 

In total, 513 adults (63% men) with self-reported hearing disability and self-reported hearing 173 

loss participated in the study (Table 2). The mean time of self-experienced hearing loss was 174 

25 years, and the majority of the participants were hearing aid users (93%). The participants 175 

were mostly highly educated (college or university degree), and the proportion of people 176 

currently working was 30%, compared to 70% of people who were retired or not employed. 177 

All levels of hearing loss were represented (Table 2). 178 

- Place Table 2 near here -  179 

Frequency Distribution 180 

For all items, 5-point scale rating options were used (Table 3). For items 22 (education), 23 181 

(work), 24 (community life) and 29 (whether the community is experienced as accessible), 182 

more than 10% of the participants chose the rating option not applicable. 183 

- Place Table 3 near here -  184 

Construct Validity and Internal Consistency Reliability 185 

The construct validity of the HFEQ, assuming three underlying concepts (body functions, 186 

activity and participation, and environment; Figure 1a), showed poor to acceptable model fit 187 

(RMSEA=0.076 (95% CI: 0.072-0.080), CFI=0.72, TLI=0.70, SRMR=0.077). This indicates 188 

that construct validity for some underlying concepts had considerable room for improvement. 189 

The internal consistency reliability was α=0.62, for body functions, α=0.92, for activity and 190 

participation, and α=0.48 for environment. 191 

- Place Figure 1a + 1b near here -  192 

Revision of the HFEQ 193 
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Improvements to the HFEQ were guided by the correlations of the HFEQ items in Figure 2. In 194 

the first step, items with low correlation to each factor were identified and removed: items 5, 195 

21, 26 and 20. Item 5 dealt with eyesight, which was considered different from the content of 196 

the other body function items. Item 21 was about strategies for communication difficulties, 197 

while the other questions were about other difficulties. Items 26 and 20 considered specific 198 

facilitators (by family support and technologies) related to the environment, and the other 199 

questions were also related to the environment. 200 

In the second step, the correlations suggested splitting the factor of body functions into three 201 

smaller factors. The first dealt with the ability to detect auditory stimuli (items 1, 2 and 4), the 202 

second dealt with cognitive functions (items 11 and 12), and the third dealt with attitudes 203 

toward listening difficulties (items 14, 15, 16 and 17). 204 

In the third step, the correlations between item 17 from the body functions factor and item 18 205 

from the activity and participation factor showed higher correlations with each other (Figure 206 

2, red rectangles) than with any other variable in their original factors. Both of these dealt 207 

with negative emotions and stressful situations and were therefore combined into a new factor 208 

named stress and emotions. 209 

- Place Figure 2 near here -  210 

In the fourth step, correlations suggested splitting the factor activity and participation factor 211 

into two smaller factors. The first dealt with communication at an individual level (items 3, 6, 212 

7, 8, 9 and 10), and the second dealt with communication at a social level (items 19, 22, 23, 213 

24, 25 and 27). 214 

In the fifth and final step, correlations with item 3 suggested that it was slightly better 215 

positioned in the factor dealing with the ability to detect auditory stimuli (item 3 had the 216 

highest correlation with item 1 and reasonable correlations with items 2 and 4). Since item 3 217 
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asked about difficulty listening to everyday sounds (not speech), it theoretically matched with 218 

the content of that factor and was therefore moved. 219 

The final factor model, (Figure 1 b, Table 4) showed good to excellent model fit 220 

(RMSEA=0.049 (95% CI: 0.039-0.058), CFI=0.95, TLI=0.94, SRMR=0.048), indicating 221 

good construct validity. The internal consistency was α=0.71 for Body Functions Auditory 222 

stimuli, α=0.64 for Body Functions – Cognitive functions, α=0.70 for Body Functions - 223 

Attitudes to listening difficulties, α=0.82 for Stress and Emotions, α=0.91 for Activity and 224 

Participation – individual level, α=0.91 for Activity and Participation – social level, and 225 

α=0.63 for Environment. 226 

- Place Table 4 near here -  227 

Discussion 228 

The overall aim of the study was to test the construct validity and internal consistency 229 

reliability and, based on the results, to make revisions of the HFEQ. The results of the current 230 

study confirmed the ICF components body functions, activity and participation and 231 

environmental factors as underlying constructs of the HFEQ and suggested that some fine 232 

adjustments should be made. The more detailed HFEQ and factor structure (Figure 1b) can 233 

serve as a tool for clinicians regarding different aspects that can be addressed based on the 234 

patient’s HFEQ responses. Moreover, the factor structure suggests several issues that can be 235 

elaborated upon when conducting research about underlying factors of, for example, health, 236 

functioning, and work performance. 237 

Body Functions 238 

Body functions and activity and participation were divided into three underlying factors: 239 

detecting auditory stimuli (including items such as detections of soft sounds, everyday 240 

sounds, sound localization and tinnitus), cognitive functions (items concerning keeping up 241 
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when people talk fast and maintaining concentration) and attitudes toward communication 242 

difficulties (such as personality, goalsetting and motivation). All factors were easy to interpret 243 

and seemed logical. 244 

According to the CFA, item 3, concerning the ability to hear everyday sounds, fit into the 245 

factor body functions – detecting auditory stimuli. This is not surprising because even though 246 

the item is built upon the ICF category d115 listening, the item concerns the ability to hear 247 

nonspeech sounds and is therefore closely related to the ICF category b3000 sound detection. 248 

The only item that did not fit into any of the factors was item 5 concerning eyesight. In the 249 

previous qualitative content validation study, this item was experienced by some participants 250 

as irrelevant because they could not understand the connection between hearing loss and 251 

vision (Karlsson et al., 2023a). However, the item was experienced as relevant by people with 252 

visual impairment as well as people with hearing loss who were aware of the importance of 253 

lip reading (Karlsson et al., 2023a). Similar results have been presented in other ICF-related 254 

studies (Afghah et al., 2022; Granberg & Skagerstrand, 2022; Karlsson et al., 2021) and when 255 

validating the Swedish version of the HFEQ (Karlsson et al., 2023b). Because both vision and 256 

hearing are important for communication, this finding could indicate a need to address this 257 

matter within hearing rehabilitation settings (WHO, 2021; Tye-Murray, 2020). 258 

Stress and Emotions  259 

The results showed a new underlying factor, stress and emotions, which did not fit into the 260 

ICF structure. The factor consisted of two items: “17, to what extent do you experience 261 

negative emotions because of your hearing difficulties?” and “18, to what extent do you have 262 

difficulties handling stressful situations as a person with hearing difficulties?” Item 17 is 263 

based on the ICF category b152 emotional functions, and item 18 is based on d240 handling 264 

stress and other psychological demands (Karlsson et al., 2023a). Item 17 belongs to a body 265 

function category because it concerns experienced emotions, and item 18 belongs to an 266 
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activity and participation category because it focuses on the management of stress (WHO, 267 

2001). However, because both items concern psychological aspects, there is a risk that 268 

participants would find them similar and that item 18 would be interpreted as an individual 269 

being stressed because of hearing loss. This understanding was also found in a previous 270 

validation study (Karlsson et al., 2023a) and is an indication that item 18 needs to be clarified. 271 

In other studies evaluating ICF-based questionnaires, items concerning psychological factors 272 

have needed extra attention to become clear and comprehensible. There have also been 273 

indications that this type of topic is less often addressed within hearing rehabilitation, which 274 

could be a reason why participants struggle more with psychological items (Afghah et al., 275 

2022; Portmann Bergamaschi et al., 2014; Postma et al., 2018; van Leeuwen et al., 2020). 276 

Activity and Participation 277 

The activity and participation factor was divided into two underlying factors, one focusing on 278 

the individual level and the other focusing on the societal level. 279 

The first underlying factor includes the activity and participation categories related to 280 

communication at an individual level, for example, the ability to communicate with one 281 

person in a quiet environment. All categories in this factor address concrete communication 282 

situations in different environments. In a previous study, these items were found to be 283 

relevant and easy to comprehend, but the environment and context were also found to be 284 

important (Karlsson et al., 2023a). Similar results have been found in other ICF-based 285 

instruments (Portmann Bergamaschi et al., 2014; van Leeuwen et al., 2020). This kind of 286 

straightforward communication-related item (e.g., “Are you able to communicate with one 287 

person in a restaurant environment?”) is common in other audiological instruments 288 

(Manchaiah et al., 2019), but in the HFEQ, there are no specific situations described. This 289 

broadness may impact the high experience of relevance for these items. It is also an indication 290 
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that patients are familiar with the topic and discuss it with professionals within hearing 291 

rehabilitation settings (Tye-Murray, 2020). 292 

  293 

The second activity and participation factor included items 19, 22, 23, 24, 25 and 27. The 294 

items are at a societal level, such as education, work, community life and interactions with 295 

friends and family, and therefore can be seen as more complex situations compared with the 296 

items of the first activity and participation factor. With regard to the frequency distribution for 297 

these items, the rating option not applicable was chosen by a notably high number of 298 

participants for items 22, 23, and 24. Because these items concern specific situations, i.e., 299 

education, work, and community life, and may not affect every participant, this finding was 300 

expected. A majority of the participants were retired, and the items concerning education and 301 

work were not relevant for them. The same result was found for the item concerning 302 

community life; not everyone was involved in community activities. In a previous qualitative 303 

validation study of the HFEQ, similar results were found, but it was also highlighted that 304 

these items are relevant and important everyday activities for people involved in them 305 

(Karlsson et al., 2023a). The results are in line with the WHO World Report on Hearing 306 

(WHO, 2021), where work and education are described as important components of everyday 307 

life for people with hearing loss. The recommendation at this stage of the development 308 

process is therefore to keep these three items in the HFEQ. 309 

Environmental Factors  310 

The final factor was the environmental factor, consisting of 4 items (items 13, 28, 29 and 30). 311 

This factor includes a variation of items concerning the physical sound environment (item 312 

13), attitudes in society (items 28 and 29) and support from hearing health care (item 30). 313 

Item 29 (concerning community accessibility) was noted as not applicable by 11.5% of the 314 

participants. The same item was found to be problematic in the initial content validation of the 315 
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HFEQ, and its content was perceived as not relevant for most participants (Karlsson et al., 316 

2023a). Moreover, in the current study, 48% of the participants assessed society as accessible 317 

to a large extent or to the full extent. These findings imply that most participants experience 318 

satisfactory accessibility in society, which can be seen as a positive finding. At the same time, 319 

from a psychometric point of view, it is problematic when an item obtains a majority of high 320 

ratings (de Vet et al., 2011); it could be questioned why this item should be included in the 321 

instrument. This finding could be connected to the responses for items 22-24 (work, education 322 

and community activities). If an individual is not participating in these kinds of activities, it 323 

may not be surprising that accessibility in society is rated not applicable because the 324 

individual is not participating in activities where accessibility may be important for 325 

participation. However, accessibility in society is an important aspect for people with hearing 326 

loss and for preventing exclusion in society (WHO, 2021). Item 28 is similar to item 29 and 327 

covers the topics of accessibility and stigma in society. Item 28 was found to be relevant in 328 

both the previous content validation (Karlsson et al., 2023a) and in the current study. It is 329 

therefore suggested to keep item 28 and to exclude item 29. 330 

Two of the items based on environmental ICF categories (items 20 and 26) did not fit into the 331 

revised model. Item 20 asked whether assistive technology in public places facilitates 332 

participation in activities. This item differed from the other environmental items because it 333 

included three parts: a) whether assistive technology is available, b) whether the respondent 334 

can use it and c) whether it facilitates participation. This is not an optimal item because it 335 

includes several aspects and therefore can be interpreted in several different ways (de Vet et 336 

al., 2011). Item 26 concerns whether the individual’s family supports him or her in everyday 337 

life. This item differs from the other environmental items, which are on a societal level, while 338 

item 26 is at an interpersonal level. It is also possible that family support might be 339 

experienced as related to psychological functions such as emotions. There are correlations 340 
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between item 26 and some of the items based on the more psychologically related ICF 341 

categories, which could strengthen this theory. Support from significant others such as family 342 

members is important because they often provide support in difficult communication 343 

situations (Nandurkar & Shende, 2020). 344 

Rating Scale 345 

All response options (1-5) of HFEQ were used which is an indication that it is possible to 346 

discriminate between the response options (Fayers & Machin, 2007) and that individuals have 347 

various experiences concerning everyday functioning. Overall, the scores showed a variation 348 

in ratings (experienced functioning) within the population. This is an indication of the 349 

response options being relevant and that there is a variance concerning the experience of the 350 

particular item. At this stage, no changes in the rating options (1-5) seem necessary.   351 

Another observation concerning the rating scale is that, for some items, there might be a mix-352 

up between the rating option 0, which indicates no problems and the rating option not 353 

applicable. For example, there are many individuals who do not have tinnitus, and 354 

consequently, should choose the option not applicable. However, there is a risk that these 355 

individuals have chosen option no problem instead because of the similarity between these 356 

two options. This issue cannot be statically controlled for and is a problem with the rating 357 

scale and should therefore be adjusted in the next step of the instrument development.    358 

Revisions Made based on the Study Results 359 

The results of Karlsson et al. (2023a) and the current study were triangulated, and final 360 

revisions were made. The revisions included rewording, adaptations of examples and changes 361 

to the order of items in the HFEQ. The new revised version of the HFEQ can be found at 362 

https://osf.io/jzb4e/. 363 

https://osf.io/jzb4e/
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Overall, the triangulation indicated revision for 25 items (items 1, 3, 4, 5, 6, 7, 9, 10, 12, 13, 364 

14, 15, 17, 18, 19, 20, 22, 23, 24, 25, 26, 27, 28, 29, and 30) and minor changes in wording. 365 

For 12 of these items, the only difference was changing “hearing problems” to “hearing 366 

difficulties” (items 14, 15, 17, 18, 22, 23, 24, 25, 26, 27, 28, 29) because the phrase “hearing 367 

problems” was experienced as stigmatizing. 368 

Because the ICF aims to capture the present experience of functioning, the introductory 369 

instructions to the HFEQ were revised. The new version includes a definition of functioning. 370 

In addition, the time limit of two weeks was changed to thinking about your typical 371 

experience in different environments for both good and bad days. The rating scale was kept, 372 

and the extra option not applicable was changed to not relevant for me to separate it from 373 

option 1, no problem. 374 

Two items were removed (items 8 and 29). Item 8 concerned understanding unfamiliar voices 375 

and was overlapped and covered in items 6-10. Item 29 was experienced as difficult to 376 

respond to by the participants, and there was an overlap between items 28 and 29. One new 377 

item (item 1) was developed during the revision. The item concerns general health, which was 378 

a topic that the participants in the qualitative content validation of the HFEQ addressed 379 

because co-occurring health statuses may influence everyday functioning (Karlsson et al., 380 

2023). 381 

Based on the CFA and the results of the content validation (Karlsson et al., 2023), both of 382 

which indicated that the HFEQ needed to be restructured to become more logical and easier to 383 

administer, six subscales were developed because a logical and easily followed structure is 384 

important for feasibility (Fayers & Machin, 2007 ). The subscales were mainly based on the 385 

factors. After revision, the subscales of the HFEQ are health (new, including items that did 386 

not fit the model), hearing (factor: body functions – cognitive functions and detecting 387 

auditory stimuli), communication (factor: activity and participation – individual level), 388 
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participation in society (factor: activity and participation – societal level), psychological 389 

resources (factors: body functions – cognitive functions and attitudes toward communication 390 

difficulties) and societal support (factor: environment). 391 

Study Limitations 392 

In the current study, it was not possible to recruit participants from a clinical population 393 

because of restrictions due to the COVID-19 pandemic. Hence, a convenience sample was 394 

used, which may have impacted the variation in the sample concerning the level of education 395 

and the sex of the participants. The majority of the participants were men and were highly 396 

educated, which probably reflects the clinical sample in the U.S. but might be different in 397 

other settings. The same can be said concerning hearing aid usage, as most of the participants 398 

were hearing aid users, which reflects a clinical sample. Previous research indicates that there 399 

are differences in how men and women rate health-related aspects of life (Boerma et al., 2016; 400 

Zajacova et al., 2017) and that the level of education also impacts these aspects (Hu et al., 401 

2016; Kunst et al., 2005). These differences could be expected to be similar for self-402 

assessments of everyday functioning, which may have affected the results in the current study. 403 

It is important to investigate this issue further to ensure that the items are relevant for all 404 

groups, such as women with low education. However, both men and women, all age groups 405 

and all levels of self-reported hearing disability were represented in the study population. 406 

Moreover, for the variable of occupation, both retired and working people were represented, 407 

and for the variable of hearing aid usage, both hearing aid users and nonusers were 408 

represented. It is important to examine whether the results in the clinical population are 409 

similar to the results in the current study. 410 

Because it is not known how many people on the Hearing Tracker website received the survey 411 

invitation and how many actually opened the email, we are unable to estimate the survey 412 

response rate. It was not possible to collect pure tone audiometry data, which is another 413 
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limitation. It would have been valuable to be able to compare the results of the HFEQ with the 414 

results of pure tone audiometry. Nevertheless, self-reported hearing loss/hearing disability 415 

was assessed, and both the WHO definition of hearing loss and the HHIE-S are in good 416 

agreement with pure tone audiometry according to Humes (2019; 2021). Moreover, most 417 

participants were hearing aid users (93%), so it is highly probable that only individuals with 418 

hearing loss took part in the current study. It would be of interest to investigate whether there 419 

are connections between everyday functioning and hearing loss based on pure tone 420 

audiometry and speech audiometry in future research on the HFEQ. 421 

Future Research 422 

The psychometric properties, content validity, construct validity and internal consistency of 423 

the HFEQ have been tested. The revised version of the HFEQ still needs to be further 424 

evaluated, and in the next step, issues such as stability over time (test-retest reliability), the 425 

appropriateness of the scale and readability should be tested (Mokkink et al., 2018). In the 426 

next phases of the development, sum scores and cut-off values should be created and the 427 

sensitivity to change should be tested.  428 

Conclusions 429 

The current study demonstrated overall satisfactory construct validity and internal consistency 430 

reliability for the first version of the HFEQ. Explainable and clear factors confirmed the ICF 431 

components and yielded the underlying structures. The results showed an even frequency 432 

distribution of the ratings. The results of the current study and a previous qualitative content 433 

validation were triangulated, and based on the findings, the HFEQ was revised to further 434 

strengthen the validity. In summary, the HFEQ shows promising psychometric qualities and 435 

may be a useful tool in audiological rehabilitation settings clinically and within research.  436 
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Figure legend list 579 

Figure 1. a) Original model, b) revised model. PART=Activity and Participation. 580 

ENV=Environmental factors. EMO=Emotions. aud=auditory. I1, I2, …, I30 represent the 30 581 

items of the HFEQ. 582 

Figure 2. Correlogram of the 30 questions (item 1- item 30) in the HFEQ. Positive 583 

correlations are shown in blue, and negative correlations are shown in red. The three original 584 

factors (body functions, activity and participation, and environmental factors) are separated by 585 

solid black lines, while dashed lines are shown to highlight improvements made to the HFEQ 586 

structure. Red and green rectangles are shown to highlight high correlations between variables 587 

from different original factors. 588 

 589 
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Table 1. Self-assessed degree of hearing loss and self-reported hearing disability (if 

participants used hearing aids, they were asked to answer the way they heard with the hearing 

aid). 

WHO definition Degree of hearing 

loss** 

n (%) HHIE-S* Total-score n (%) 

0 = No or very slight 

hearing problems. 

Able to hear 

whispers. 

No impairment, ≤ 25 

dB; No or very slight 

hearing problems. 

 

10 (1.9) 0 to 8 = 13% probability of 

hearing impairment (no 

handicap/no referral) 

 

45 (8.8) 

1 = Able to hear and 

repeat words spoken 

in normal voice at 1 

m. 

 

Mild/slight, 26–40 dB; 

No problems in quiet 

with normal voice at 1 

m; Hearing aids may 

be needed. 

 

155 (30.2) 10 to 24 = 50% probability of 

hearing impairment (mild-

moderate handicap/refer) 

 

272 (53.0) 

2 = Able to hear and 

repeat words using 

raised voice at 1 m. 

 

Moderate 41–60 dB; 

Able to hear and repeat 

words using raised 

voice at 1 m; Hearing 

aids recommended. 

 

255 (49.7) 26 to 40 = 84% probability of 

hearing impairment (severe 

handicap/refer) 

 

193 (37.6) 

3 = Able to hear some 

words when shouted 

into better ear 

 

Severe, 61–80 dB; 

Able to hear some 

words when shouted 

into better ear; Hearing 

aids needed. 

 

64 (12.5)   

4 = Unable to hear 

and understand even 

a shouted voice 

 

Profound impairment, 

≥ 81 dB; Unable to 

hear and understand 

even a shouted voice; 

Hearing aids may help, 

but additional 

rehabilitation needed. 

 

29 (5.7)   

*N=510 (3 missing cases), **based on the definitions of Humes (2019). 

Table with revisions marked in yellow Click here to
access/download;Table;Tables_withrevisionsmarked.docx

https://www2.cloud.editorialmanager.com/aja/download.aspx?id=48721&guid=5c4bebed-0a73-4eee-83ec-cc0da4400e06&scheme=1
https://www2.cloud.editorialmanager.com/aja/download.aspx?id=48721&guid=5c4bebed-0a73-4eee-83ec-cc0da4400e06&scheme=1


Table 2. Description of the study population (N=513). 

Variable N (%) Years: Min-Max (Mean, SD) 

Age*  21-91 (M 69, SD 11.9) 

18-40 years 19 (3.7)  

41-60 years 69 (13.5)  

>60 years 422 (82.3)  

Sex   

Women 186 (36.3)  

Men 323 (63)  

Other 4 (0.8)  

Hearing aid user 480 (93.6)  

Years with hearing loss  0-89 (M 24.5, SD 18.9) 

Education   

Less than high school 1 (0.2)  

High school 29 (5.7)  

Some college but no degree 107 (20.9)  

University degree 376 (73.3)  

Working/employment 154 (30.1)  

Entry level or unskilled work 7 (1.4)  

Skilled or professional work 147 (28.7)  

Retired 345 (67.3)  

Not working 14 (2.7)  

Ethnicity   

Not Hispanic or Latino 505 (98.4)  

Hispanic or Latino 8 (1.6)  

Race   

White 480 (93.6)  

More than one race 12 (2.3)  

Asian 11 (2.1)  

Black or African American 4 (0.8)  

Hispanic or Latino 3 (0.6)  

American Indian or Alaska native 3 (0.6)  

Native Hawaiian or Other Pacific-Islander 0  

*Information on age was missing in 3 cases 



Table 3. Frequency distribution of the ratings. 

Item Question Response option 

  Not at all 

N (%) 

To a small 

extent N 

(%) 
 

To a moderate 

extent  

N (%) 
 

To a large 

extent  

N (%) 
 

To the full 

Extent  

N (%) 
 

Not applicable 

N (%) 

1 To what extent do you have difficulties noticing soft 

sounds (such as whispering, insects or birds)? 

17 (3.3) 76 (14.8) 126 (24.6) 201 (39.2) 90 (17.5) 3 (0.6) 

2 To what extent do you have difficulties hearing where a 

sound comes from? *509 

38 (7.4) 158 (30.8) 75 (14.6) 157 (30.6) 81 (15.8) 4 (0.8) 

3 To what extent do you have difficulties listening to 

everyday sounds such as music, traffic sounds while 

driving or children playing? 

59 (11.5) 146 (28.5) 183 (35.7) 97 (18.9) 26 (5.1) 2 (0.4) 

4 To what extent does ringing or buzzing in your ears 

cause problems in your everyday life? 

179 (34.9) 134 (26.1) 100 (19.5) 55 (10.7) 28 (5.5) 17 (3.3) 

5 To what extent does poor eyesight affect your everyday 

life? 

152 (29.6) 214 (41.7) 98 (19.1) 29 (5.7) 8 (1.6) 12 (2.3) 

6 To what extent do you have difficulties understanding 

speech in quiet situations? 

51 (9.9) 192 (37.4) 183 (35.7) 65 (12.7) 21 (4.1) 1 (0.2) 

7 To what extent do you have difficulties understanding 

speech in noisy situations? 

4 (0.8) 26 (5.1) 75 (14.6) 257 (50.1) 151 (29.4) 1 (0.2) 

8 To what extent do you have difficulties understanding 

unfamiliar voices? 

37 (7.2) 119 (23.2) 174 (33.9) 142 (27.7) 36 (7.0) 5 (1.0) 

9 To what extent do you have difficulties conversing with 

one other person? 

77 (15.0) 214 (41.7) 162 (31.6) 49 (9.6) 11 (2.1) 1 (0.2) 

10 To what extent do you have difficulties conversing in a 

group? 

22 (4.3) 57 (11.1) 162 (31.6) 190 (37.0) 80 (15.6) 2 (0.4) 

11 To what extent are you able to keep up when people 

talk fast? 

37 (7.2) 125 (24.4) 167 (32.6) 117 (22.8) 65 (12.7) 2 (0.4) 

12 To what extent are you able to maintain concentration 

in listening situations? 

16 (3.1) 129 (25.1) 184 (35.9) 139 (27.1) 40 (7.8) 5 (1.0) 

13 To what extent does noise hinder you in everyday life 

as a person with hearing problems? 

29 (5.7) 110 (21.4) 170 (33.1) 145 (28.3) 57 (11.1) 2 (0.4) 

14 To what extent do you have a positive outlook on life? 4 (0.8) 23 (4.5) 115 (22.4) 205 (40.0) 162 (31.6) 4 (0.8) 

15 To what extent are you able to achieve most of the 

goals you set for yourself? 

2 (0.4) 30 (5.8) 125 (24.4) 263 (51.3) 86 (16.8) 7 (1.4) 

16 To what extent are you motivated to deal with hearing 

problems in your everyday life? 

3 (0.6) 30 (5.8) 72 (14.0) 209 (40.7) 196 (38.2) 3 (0.6) 



17 To what extent do you experience negative emotions 

because of your hearing problems? 

69 (13.5) 194 (37.8) 140 (27.3) 85 (16.6) 23 (4.5) 2 (0.4) 

18 To what extent do you have difficulties handling 

stressful situations as a person with hearing problems? 

72 (14) 175 (34.1) 166 (32.4) 76 (14.8) 19 (3.7) 5 (1.0) 

19 To what extent do you have difficulties communicating 

using telecommunication technology such as telephone, 

smartphones or computers? 

89 (17.3) 171 (33.3) 133 (25.9) 89 (17.3) 27 (5.3) 4 (0.8) 

20 To what extent do technologies for communication 

(such as loop systems, close caption) help you to 

participate in social and community activities in places 

such as theatres, places for worship, government offices 

or clubs? 

62 (12.1) 149 (29.0) 86 (16.8) 114 (22.2) 102 (19.9) 1 (0.2) 

21 To what extent are you able to use strategies such as 

lip-reading, ask for clarifications or moving closer to 

the speaker to facilitate communication? 

31 (6.0) 90 (17.5) 160 (31.2) 157 (30.6) 58 (11.3) 17 (3.3) 

22 To what extent do you have difficulties actively 

participating in any type of education and training due 

to your hearing problems? 

92 (17.9) 127 (24.8) 109 (21.2) 85 (16.6) 25 (4.9) 75 (14.6) 

23 To what extent do you have difficulties participating in 

activities at paid work (including full time, part time or 

self-employment) due to your hearing problems? 

63 (12.3) 80 (15.6) 72 (14.0) 31 (6.0) 16 (3.1) 251 (48.9) 

24 To what extent do you have difficulties participating in 

community life (including voluntary work) due to your 

hearing problems? 

90 (17.5) 126 (24.6) 121 (23.6) 79 (15.4) 28 (5.5) 69 (13.5) 

25 To what extent do you have difficulties participating in 

recreation and leisure activities (such as hobbies and 

socializing) due to hearing problems? 

109 (21.2) 161 (31.4) 138 (26.9) 72 (14.0) 18 (3.5) 15 (2.9) 

26 To what extent does your family support you in 

everyday life as a person with hearing problems? 

16 (3.1) 58 (11.3) 96 (18.7) 166 (32.4) 146 (28.5) 31 (6.0) 

27 To what extent do you have difficulties interacting in 

relationships you value as meaningful, such as family 

and friends, due to your hearing problems? 

86 (16.8) 169 (32.9) 159 (31.0) 81 (15.8) 15 (2.9) 3 (0.6) 

28 To what extent do people in general (society) treat you 

unfairly because of your hearing problems? 

200 (38.9) 160 (31.1) 93 (18.1) 38 (7.4) 9 (1.8) 13 (2.5) 

29 To what extent is your community accessible to you as 

a person with hearing problems? 

20 (3.9) 82 (16.0) 106 (20.7) 143 (27.9) 103 (20.1) 59 (11.5) 

30 To what extent do the hearing health services you have 

received help you in your everyday life? 

20 (3.9) 62 (12.1) 104 (20.3) 209 (40.7) 86 (16.8) 32 (6.2) 



 

Table 4. Model fit for the HFEQ structure, shown for the original factor model, and via each step (step 1-4) to the revised version of the HFEQ 

structure. 

 

 

 

 

RMSEA = root mean square error of approximation; CFI = comparative fit index; TLI=Tucker‒Lewis index; SRMR = standardized root mean 

square residual. 

 

 Original Step 1 Step 2 Step 3 Step 4 Revised 

RMSEA 0.092 0.101 0.086 0.076 0.050 0.049 

95% CI 0.085-0.099 0.094-0.108 0.079-0.093 0.068-0.083 0.040-0.059 0.039-0.058 

CFI 0.743 0.768 0.835 0.875 0.947 0.948 

TLI 0.721 0.745 0.815 0.857 0.938 0.940 

SRMR 0.083 0.082 0.075 0.059 0.047 0.048 



Table 1. Self-assessed degree of hearing loss and self-reported hearing disability (if 

participants used hearing aids, they were asked to answer the way they heard with the hearing 

aid). 

WHO definition Degree of hearing 

loss** 

n (%) HHIE-S* Total-score n (%) 

0 = No or very slight 

hearing problems. 

Able to hear 

whispers. 

No impairment, ≤ 25 

dB; No or very slight 

hearing problems. 

 

10 (1.9) 0 to 8 = 13% probability of 

hearing impairment (no 

handicap/no referral) 

 

45 (8.8) 

1 = Able to hear and 

repeat words spoken 

in normal voice at 1 

m. 

 

Mild/slight, 26–40 dB; 

No problems in quiet 

with normal voice at 1 

m; Hearing aids may 

be needed. 

 

155 (30.2) 10 to 24 = 50% probability of 

hearing impairment (mild-

moderate handicap/refer) 

 

272 (53.0) 

2 = Able to hear and 

repeat words using 

raised voice at 1 m. 

 

Moderate 41–60 dB; 

Able to hear and repeat 

words using raised 

voice at 1 m; Hearing 

aids recommended. 

 

255 (49.7) 26 to 40 = 84% probability of 

hearing impairment (severe 

handicap/refer) 

 

193 (37.6) 

3 = Able to hear some 

words when shouted 

into better ear 

 

Severe, 61–80 dB; 

Able to hear some 

words when shouted 

into better ear; Hearing 

aids needed. 

 

64 (12.5)   

4 = Unable to hear 

and understand even 

a shouted voice 

 

Profound impairment, 

≥ 81 dB; Unable to 

hear and understand 

even a shouted voice; 

Hearing aids may help, 

but additional 

rehabilitation needed. 

 

29 (5.7)   

*N=510 (3 missing cases), **based on the definitions of Humes (2019). 
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Table 2. Description of the study population (N=513). 

Variable N (%) Years: Min-Max (Mean, SD) 

Age*  21-91 (M 69, SD 11.9) 

18-40 years 19 (3.7)  

41-60 years 69 (13.5)  

>60 years 422 (82.3)  

Sex   

Women 186 (36.3)  

Men 323 (63)  

Other 4 (0.8)  

Hearing aid user 480 (93.6)  

Years with hearing loss  0-89 (M 24.5, SD 18.9) 

Education   

Less than high school 1 (0.2)  

High school 29 (5.7)  

Some college but no degree 107 (20.9)  

University degree 376 (73.3)  

Working/employment 154 (30.1)  

Entry level or unskilled work 7 (1.4)  

Skilled or professional work 147 (28.7)  

Retired 345 (67.3)  

Not working 14 (2.7)  

Ethnicity   

Not Hispanic or Latino 505 (98.4)  

Hispanic or Latino 8 (1.6)  

Race   

White 480 (93.6)  

More than one race 12 (2.3)  

Asian 11 (2.1)  

Black or African American 4 (0.8)  

Hispanic or Latino 3 (0.6)  

American Indian or Alaska native 3 (0.6)  

Native Hawaiian or Other Pacific-Islander 0  

*Information on age was missing in 3 cases 



Table 3. Frequency distribution of the ratings. 

Item Question Response option 

  Not at all 

N (%) 

To a small 

extent N 

(%) 
 

To a moderate 

extent  

N (%) 
 

To a large 

extent  

N (%) 
 

To the full 

Extent  

N (%) 
 

Not applicable 

N (%) 

1 To what extent do you have difficulties noticing soft 

sounds (such as whispering, insects or birds)? 

17 (3.3) 76 (14.8) 126 (24.6) 201 (39.2) 90 (17.5) 3 (0.6) 

2 To what extent do you have difficulties hearing where a 

sound comes from? *509 

38 (7.4) 158 (30.8) 75 (14.6) 157 (30.6) 81 (15.8) 4 (0.8) 

3 To what extent do you have difficulties listening to 

everyday sounds such as music, traffic sounds while 

driving or children playing? 

59 (11.5) 146 (28.5) 183 (35.7) 97 (18.9) 26 (5.1) 2 (0.4) 

4 To what extent does ringing or buzzing in your ears 

cause problems in your everyday life? 

179 (34.9) 134 (26.1) 100 (19.5) 55 (10.7) 28 (5.5) 17 (3.3) 

5 To what extent does poor eyesight affect your everyday 

life? 

152 (29.6) 214 (41.7) 98 (19.1) 29 (5.7) 8 (1.6) 12 (2.3) 

6 To what extent do you have difficulties understanding 

speech in quiet situations? 

51 (9.9) 192 (37.4) 183 (35.7) 65 (12.7) 21 (4.1) 1 (0.2) 

7 To what extent do you have difficulties understanding 

speech in noisy situations? 

4 (0.8) 26 (5.1) 75 (14.6) 257 (50.1) 151 (29.4) 1 (0.2) 

8 To what extent do you have difficulties understanding 

unfamiliar voices? 

37 (7.2) 119 (23.2) 174 (33.9) 142 (27.7) 36 (7.0) 5 (1.0) 

9 To what extent do you have difficulties conversing with 

one other person? 

77 (15.0) 214 (41.7) 162 (31.6) 49 (9.6) 11 (2.1) 1 (0.2) 

10 To what extent do you have difficulties conversing in a 

group? 

22 (4.3) 57 (11.1) 162 (31.6) 190 (37.0) 80 (15.6) 2 (0.4) 

11 To what extent are you able to keep up when people 

talk fast? 

37 (7.2) 125 (24.4) 167 (32.6) 117 (22.8) 65 (12.7) 2 (0.4) 

12 To what extent are you able to maintain concentration 

in listening situations? 

16 (3.1) 129 (25.1) 184 (35.9) 139 (27.1) 40 (7.8) 5 (1.0) 

13 To what extent does noise hinder you in everyday life 

as a person with hearing problems? 

29 (5.7) 110 (21.4) 170 (33.1) 145 (28.3) 57 (11.1) 2 (0.4) 

14 To what extent do you have a positive outlook on life? 4 (0.8) 23 (4.5) 115 (22.4) 205 (40.0) 162 (31.6) 4 (0.8) 

15 To what extent are you able to achieve most of the 

goals you set for yourself? 

2 (0.4) 30 (5.8) 125 (24.4) 263 (51.3) 86 (16.8) 7 (1.4) 

16 To what extent are you motivated to deal with hearing 

problems in your everyday life? 

3 (0.6) 30 (5.8) 72 (14.0) 209 (40.7) 196 (38.2) 3 (0.6) 



17 To what extent do you experience negative emotions 

because of your hearing problems? 

69 (13.5) 194 (37.8) 140 (27.3) 85 (16.6) 23 (4.5) 2 (0.4) 

18 To what extent do you have difficulties handling 

stressful situations as a person with hearing problems? 

72 (14) 175 (34.1) 166 (32.4) 76 (14.8) 19 (3.7) 5 (1.0) 

19 To what extent do you have difficulties communicating 

using telecommunication technology such as telephone, 

smartphones or computers? 

89 (17.3) 171 (33.3) 133 (25.9) 89 (17.3) 27 (5.3) 4 (0.8) 

20 To what extent do technologies for communication 

(such as loop systems, close caption) help you to 

participate in social and community activities in places 

such as theatres, places for worship, government offices 

or clubs? 

62 (12.1) 149 (29.0) 86 (16.8) 114 (22.2) 102 (19.9) 1 (0.2) 

21 To what extent are you able to use strategies such as 

lip-reading, ask for clarifications or moving closer to 

the speaker to facilitate communication? 

31 (6.0) 90 (17.5) 160 (31.2) 157 (30.6) 58 (11.3) 17 (3.3) 

22 To what extent do you have difficulties actively 

participating in any type of education and training due 

to your hearing problems? 

92 (17.9) 127 (24.8) 109 (21.2) 85 (16.6) 25 (4.9) 75 (14.6) 

23 To what extent do you have difficulties participating in 

activities at paid work (including full time, part time or 

self-employment) due to your hearing problems? 

63 (12.3) 80 (15.6) 72 (14.0) 31 (6.0) 16 (3.1) 251 (48.9) 

24 To what extent do you have difficulties participating in 

community life (including voluntary work) due to your 

hearing problems? 

90 (17.5) 126 (24.6) 121 (23.6) 79 (15.4) 28 (5.5) 69 (13.5) 

25 To what extent do you have difficulties participating in 

recreation and leisure activities (such as hobbies and 

socializing) due to hearing problems? 

109 (21.2) 161 (31.4) 138 (26.9) 72 (14.0) 18 (3.5) 15 (2.9) 

26 To what extent does your family support you in 

everyday life as a person with hearing problems? 

16 (3.1) 58 (11.3) 96 (18.7) 166 (32.4) 146 (28.5) 31 (6.0) 

27 To what extent do you have difficulties interacting in 

relationships you value as meaningful, such as family 

and friends, due to your hearing problems? 

86 (16.8) 169 (32.9) 159 (31.0) 81 (15.8) 15 (2.9) 3 (0.6) 

28 To what extent do people in general (society) treat you 

unfairly because of your hearing problems? 

200 (38.9) 160 (31.1) 93 (18.1) 38 (7.4) 9 (1.8) 13 (2.5) 

29 To what extent is your community accessible to you as 

a person with hearing problems? 

20 (3.9) 82 (16.0) 106 (20.7) 143 (27.9) 103 (20.1) 59 (11.5) 

30 To what extent do the hearing health services you have 

received help you in your everyday life? 

20 (3.9) 62 (12.1) 104 (20.3) 209 (40.7) 86 (16.8) 32 (6.2) 



 

Table 4. Model fit for the HFEQ structure, shown for the original factor model, and via each step (step 1-4) to the revised version of the HFEQ 

structure. 

 

 

 

 

RMSEA = root mean square error of approximation; CFI = comparative fit index; TLI=Tucker‒Lewis index; SRMR = standardized root mean 

square residual. 

 

 Original Step 1 Step 2 Step 3 Step 4 Revised 

RMSEA 0.092 0.101 0.086 0.076 0.050 0.049 

95% CI 0.085-0.099 0.094-0.108 0.079-0.093 0.068-0.083 0.040-0.059 0.039-0.058 

CFI 0.743 0.768 0.835 0.875 0.947 0.948 

TLI 0.721 0.745 0.815 0.857 0.938 0.940 

SRMR 0.083 0.082 0.075 0.059 0.047 0.048 
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Editor  

I have one primary concern regarding the 
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the participant population included 

individuals who were and were not hearing 

aid users. The sample was overwhelmingly 

comprised of hearing aid users (93%). This 

introduces a confound to the data analysis 

that has not been accounted for in the 

manuscript. The use of PROMs/outcome 

measures in audiologic rehabilitation is 

based, in part, on assessing the benefit of 

amplification. Therefore, it is expected that 

scores on PROMs would change between 

unaided and aided responses. I strongly 

encourage you to address this confound to a 

greater extent and to consider analyzing the 

data for only the hearing aid users to 

determine if differences exist due to the 

mixing participants. 
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2017; Karlsson et al., 2023; van Leeuwen et 

al., 2020). 
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