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Abstract

Listening-related fatigue can be a significant burden for adults with hearing loss (AHL), and 

those with other health or language-related issues (e.g., multiple sclerosis, traumatic brain injury, 

second language learners) who must allocate substantial cognitive resources to the process of 

listening. The 40-item Vanderbilt Fatigue Scale for Adults (VFS-A-40) was designed to measure 

listening-related fatigue in AHL and other populations. This paper describes the development, 

and psychometric properties, of the VFS-A-40. Initial qualitative analyses in AHL suggested 

listening-related fatigue was multidimensional, with physical, mental, emotional, and social 

domains. However, exploratory factor analyses revealed a unidimensional structure. Item and 

test characteristics were evaluated using Item Response Theory (IRT). Results confirmed that all 

test items were of high quality. IRT analyses revealed high marginal reliability and an analysis 

of test-retest scores revealed adequate reliability. In addition, an analysis of differential item 

functioning provided evidence of good construct validity across age, gender, and hearing loss 

groups. In sum, the VFS-A-40 is a reliable and valid tool for quantifying listening-related fatigue 

in adults. We believe the VFS-A-40 will be useful for identifying those most at risk for severe 

listening-related fatigue and for assessing interventions to reduce its negative effects.
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Introduction

Fatigue is commonly defined as a subjective experience, or mood, that is associated with 

feelings of weariness, tiredness, a lack of vigor or energy, or decreased motivation to 

continue a task (Hornsby et al., 2016). Feelings of fatigue are a common consequence of 

sustained and demanding physical or mental effort and something everyone experiences at 

some point in their lives. In a healthy population these feelings tend to be mild, transient 

in nature, and resolve with a short rest or break from the demanding activity. This type 

of fatigue is normal and healthy as it encourages us to evaluate the costs and benefits of 

the current fatiguing activity (Hockey, 2013). However, for some people their feelings of 

fatigue are more severe and occur more frequently, often developing in response to normal 

daily activities such as routine house cleaning, self-care, or even simply listening in a noisy 

setting. For these individuals’, fatigue can be debilitating and have a significant negative 

effect on quality of life (Bess & Hornsby, 2014; Davis et al., 2020; Evans & Wickstrom, 

1999; Robinson-Smith et al., 2000).

Many subjective measures have been developed to quantify the frequency and severity 

of fatigue in adults. Some instruments quantify fatigue as part of a global assessment of 

general health or mood. The Profile of Mood States (McNair et al., 1971) is an example 

of one such measure. The POMS assesses fatigue, vigor, and several other mood states, 

including depression, tension, anger, and confusion. Other tools focus more specifically 

on the assessment of fatigue as a unidimensional or multidimensional construct. Some 

measures, like the POMS fatigue subscale, are generic and are appropriate for measuring 

fatigue associated with a wide range of chronic health conditions. Other scales are designed 

to assess fatigue associated with a specific disease state (e.g., cancer) or population (e.g., 

athletes). For example, the Revised Piper Fatigue Scale (Piper et al., 1998) was designed 

to assess cancer-related fatigue. Both generic and disease-specific measures are useful; 

however, well-designed, disease-specific, instruments are generally more sensitive than 

generic measures, at least for their targeted population (Patrick & Deyo, 1989).

In this paper, our focus is on listening-related fatigue, a type of fatigue that can result from 

the sustained application of mental effort while listening (Davis et al., 2020; Pichora-Fuller 

et al., 2016) and on the development of a reliable and valid scale to measure this construct. 

Listening-related fatigue may be especially problematic for people with hearing loss (see 

Hornsby et al., 2016, for review); the third most common chronic health condition in the 

United States (Masterson, 2016). For example, recent data from focus groups and interviews 

suggest that some people with hearing loss experience high levels of effort and stress while 

trying to listen and communicate, thus increasing their risk for listening-related fatigue 

(Davis et al., 2020; Holman et al., 2019). In addition, researchers using generic fatigue 

scales, or scales developed for other populations, have reported increased fatigue in adults 

and children with hearing loss (Alhanbali et al., 2017; Hornsby et al., 2016; Hornsby, 2013; 

Hornsby et al., 2017; Hornsby & Kipp, 2016). However, these findings are not universal.

For example, Hornsby and Kipp (2016) found no difference in mean POMS fatigue 

scores between a group of adults seeking help for hearing difficulties and age-matched 

normative data. There were, however, significant differences in the prevalence of severe 
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fatigue between groups (defined as POMS fatigue scores that were >1.5 standard deviations 

above normative ratings). A similar finding, also using the POMS, was observed by 

Dwyer et al. (2019). They compared mean fatigue ratings between a group of college-age 

adults with moderate-to-profound hearing loss and age-matched peers without hearing 

loss, and found no differences between groups. However, in the same study, Dwyer et al. 

(2019) asked participants about their listening-related fatigue using study-specific questions 

(e.g., “Difficulty listening causes me to become physically or emotionally tired”). Results 

using these listening-specific items showed adults with hearing loss (AHL) experienced 

significantly more listening-related fatigue than their age-matched cohort (effect size r 

ranged from .69 to .86 across items). These findings suggest that generic fatigue measures 

may not be sensitive to the fatigue commonly experienced by adults and children with 

hearing loss. In addition, current clinical assessment procedures do not include direct 

measures of effort and fatigue at all and standard assessments (e.g., pure tone threshold 

or speech testing) are not sensitive to these constructs (Hornsby & Kipp, 2016; Alhanbali 

et al., 2017). A reliable and valid measure of listening-related fatigue would help to 

provide clinicians with a more holistic and detailed picture of an individual’s specific 

communication challenges. The lack of such a measure motivated the current study.

Importantly, the negative effects of listening-related fatigue are not limited to those with 

hearing loss. Listening is a complex sensory and cognitive skill that, when disrupted, can 

lead to significant fatigue in other populations. For example, fatigue resulting from sustained 

cognitive effort on auditory (or visual) tasks is a common complaint in persons with multiple 

sclerosis (Bryant et al., 2004; Paul et al., 1998) and traumatic brain injury (TBI; Johansson 

et al., 2009). Likewise, even in healthy populations, those who must exert additional effort 

when processing speech, like non-native speakers and second-language learners, may also 

suffer from increased listening-related fatigue (Borghini & Hazan, 2018; Kellerman, 1992). 

Research in these related areas, coupled with the ubiquitous role that listening plays in 

our society (e.g., in academic, vocational, and social arenas), highlights the potentially 

far-reaching impact of listening-related fatigue and the need for a reliable measurement tool.

The purpose of the current study was to develop the Vanderbilt Fatigue Scale for Adults 

(VFS-A). Item Response Theory (IRT) was used to validate the scale. IRT is a measurement 

model that relates an individual’s response to test items to an underlying latent trait 

(e.g., Embretson & Reise, 2000). In this case, the underlying latent trait, or theta (θ), is 

listening-related fatigue. IRT has been shown to be effective for developing and optimizing 

the sensitivity of such scales. The VFS-A was designed to assess listening-related fatigue 

in AHL but may also be appropriate for adults with other auditory or communication 

difficulties (e.g., learning disabilities, auditory processing disorders, second language 

learners).

Methods

Scale development and validation of the VFS-A was divided into four phases (See Figure 

1). Briefly, in Phase 1, we conducted a literature review and held focus groups with AHL to 

operationalize the latent construct of listening-related fatigue. In Phase 2, we used Phase 1 

results to guide development of a large pool of potential test items which were reviewed for 
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clarity, relevance, and redundancy. A subset of high-quality items was selected for further 

analyses. In Phase 3.1, we collected data from adults with and without hearing loss (N=580 

respondents) using this reduced item pool. These data were used to evaluate item quality and 

select smaller pool of high-quality items for review by an expert panel (Phase 3.2). Using 

an iterative process (described below) we identified 40, high-quality, items for a 40-item 

version of the VFS-A (the VFS-A-40). In Phase 4, we conducted analyses to describe 

the psychometric properties of the VFS-A-40. We also assessed test-retest reliability of 

the VFS-A-40 in a group of 86 adult cochlear implant users. A detailed description of 

each phase is provided below. All study procedures were reviewed and approved by the 

Vanderbilt Institutional Review Board (IRB#140946).

Participants and Data Collection

Across all phases, study participants were recruited locally from Vanderbilt Bill Wilkerson 

Center (VBWC) Audiology clinics and from the surrounding community. In addition, we 

used a variety of online postings to recruit broadly. Phase 1 focus group participants 

included 43 adults (32 female), between 20 and 77 years of age (mean/median 53.5/54 

years; standard deviation/semi-interquartile range 16.2/12 years) with mild to profound 

hearing loss. Focus group comments were used to inform scale content and aid in 

development of scale items (see Davis et al., 2020, for details). In Phase 2, we conducted 

cognitive interviews with a small group of AHL (N=8; 7 female) to evaluate test items 

for comprehension, clarity, and content relevance. Interviewees were adults between 23 and 

75 years of age (mean/median 53.9/55 years; standard deviation/semi-interquartile range 

14.9/5.4) with moderate-to-severe bilateral hearing loss.

Our Phase 3.1 sample included adults (N = 580) aged 18–88 years (mean/median = 50.2/52 

years; standard deviation/semi-interquartile range = 16/13 years). Most respondents reported 

their ethnicity as non-Hispanic (89%; 8.4% did not report), their race as white (90.5%; 

4.7% did not report) and were female (73.4%; 6.4% did not report). Hearing status was 

determined in response to the question: “Do you have a hearing loss?” Approximately 

75% (n = 433) reported having a hearing loss. Of those with self-reported hearing loss, 

approximately 74% (n = 322) reported using a hearing device (e.g., hearing aid or cochlear 

implant). In addition, those with a self-reported hearing loss rated their degree of hearing 

impairment using, a 5-point scale, as none (n = 6), mild/slight (n = 71), moderate (n = 159), 

severe (n = 102), or profound (n = 95). In Phase 3.2 our expert panel (N=11) consisted 

of adults with (n=4) and without hearing loss (n=7) who were (a) research scientists with 

expertise in various aspects of hearing loss, (b) active, or retired, clinical audiologists or (c) 

both. All panel members were familiar with the psychosocial consequences of hearing loss 

either through their work, their own personal experiences having a hearing loss, or both.

Finally, in Phase 4, we assessed the test-retest reliability of a preliminary version of the 

VFS-A-401 in a separate sample of eighty-six (41 female/1 did not report) adult cochlear 

1These test-retest data were collected with an early version of the VFS-A-40 which included an item that was only appropriate for 
someone using a hearing device (e.g., a hearing aid, cochlear implant). This item (“I need to remove or turn off my hearing device 
to take a break from listening.”), was replaced in a later version. The replacement item (“I get headaches after taking part in group 
conversations.”) had similar psychometric properties but was not specific to device usage.
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implant users. Participants were aged 24–88 years old (mean/median=63.5/66.5 years; 

standard deviation/semi-interquartile range = 14.7/9.4 years) with at least 12 months of 

experience with their current cochlear implant(s). In addition, all participants reported no 

changes to their implants in the 3 months prior to completing the initial (baseline) survey 

and no changes to their implants in the time between completing their initial and follow 

up surveys. Fifty-one of the participants had a single implant while 35 participants wore 

bilateral implants.

Item and Test Development Methods

Phase 1 Methods: Latent Construct Operationalization—In Phase 1, we conducted 

a review of the broader fatigue literature and an in-depth review of literature focusing on 

the relationship between fatigue and hearing loss. Review results suggested the construct 

of fatigue was complex and its relation to hearing loss was understudied (see Hornsby 

et al., 2016 for review). We then recruited adults (N=43) with a wide range of hearing 

losses to participate in focus groups to discuss their understanding and experiences with 

listening-related fatigue. Focus group discussions were recorded, transcribed, coded, and 

analyzed to identify the most common themes related to listening-related fatigue from the 

perspective of AHL (for details of this process see Davis et al., 2020). We used information 

from these focus groups to develop a construct map (Wilson, 2005) that operationalized 

listening-related fatigue in terms of hypothesized domains and severity levels. We used 

this construct map to guide the development of potential items for the VFS-A (see Results 

section for details).

Phase 2 Methods: Item Creation and Initial Assessment

Phase 2.1 Methods: Initial Item Development and Item Reduction Process.: In this 

phase we used information from focus groups to inform development of specific items for 

the proposed VFS-A. Specifically, at least two research team members were assigned to 

review each participant comment from each focus group transcript. If a comment focused 

on behaviors, feelings, and/or situations relevant to listening-related fatigue, team members 

created a potential test item based on the relevant comment. During this initial phase, 

multiple versions of a scale item could be created from a single participant comment.

This large initial pool of items was then reviewed by the research team to identify a subset 

of clear and relevant items and remove less clear, redundant items. The process was iterative 

in nature with separate team members identifying items they felt best assessed a given aspect 

of listening-related fatigue (e.g., severe, emotional). All potential items were coded based on 

their hypothesized fatigue domain and severity level, as described in our construct map. For 

example, the item “I spend a lot of energy just trying to listen.” was hypothesized to assess 

severe listening-related fatigue in the cognitive domain. This item was one of multiple items 

targeting severe cognitive fatigue and was thus coded as “cognitive_3_2” (where Domain = 

Cognitive; Severity level = 3-Severe; and Item number = 2; each domain/severity level had 

multiple items).

Phase 2.2 Methods: Initial Item Assessment via Cognitive Interviews.: Next, we 

used cognitive interviews to identify interpretation or comprehension problems with our 
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preliminary test items. In this process eight participants were asked to read an item and to 

“think out loud” as they made an answer. The “think out loud” responses and rationales 

provided insight into how the respondents processed each question (Collins, 2003). Follow-

up questions were used to ensure that the respondent’s interpretation of a test item matched 

our original intent. Interviews were recorded and transcribed for later evaluation.

Phase 3 Methods: Item Assessment, Reduction, and Development of the VFS-

A-40

Phase 3.1 Methods: EFA and IRT analyses.: In Phase 3, we collected responses using 

our pool of potential test items from a large sample of adults with and without hearing 

loss. We then used exploratory factor analysis (EFA) to examine the latent structure of our 

item pool and IRT to examine the characteristics of the test items in the pool. The goal of 

these analyses was to identify high-quality items for our scale. An overview of the analysis 

methods is provided below.

EFA Methods.: In Phase 3 we first investigated the latent structure (i.e., the number 

of dimensions and factor loading patterns) of the VFS-A 106 item pool by conducting 

a series of EFA using Mplus Version 8.3 (Muthen & Muthen, 1998–2017). Using 

polychoric correlations (specifically, weighted least square with adjusted means and variance 

[WLSMV] with Oblimin rotation and Oblique type) a series of EFAs were conducted, 

extracting 1–4 factors. Fit indices were compared across 1–4 factor models. We used 

the following empirically supported guidelines to assess the goodness of model fit: a root-

mean-square error of approximation index (RMSEA; Steiger & Lind, 1980) of < .06, a 

root-mean-square residual (RMSR) of < .08, a comparative fit index (CFI; Bentler, 1990) 

and Tucker-Lewis index (TTL; Tucker & Lewis, 1973) > .95 (Hu & Bentler, 1999; Yu, 

2002).

IRT Analyses Methods.: We evaluated individual item quality, and the quality of sets 

of items, using IRT analyses. Based on EFA results, a unidimensional graded response 

model (GRM; Samejima, 1969) or a multidimensional GRM (De Ayala, 1994) was used 

to investigate the item characteristics. The GRM is an item response model for ordered 

polytomous responses and has two kinds of item parameters— an item discrimination 

parameter and item threshold parameters2. Item parameter estimates, individual item 

information, and test information were obtained using a (marginal) maximum likelihood 

estimation (MLE) method in Mplus. For IRT scoring, expected a posteriori (EAP) for a 

specific response pattern was used. Missingness in item responses was considered missing at 

random and treated as missing under the MLE.

2The item discrimination parameter is a measure of the item’s ability to discriminate between various levels of the construct (e.g., 
differentiate between individuals with varying fatigue severity). A larger value indicates the item is sensitive to variations in the latent 
construct. The second kind of parameter, the item threshold parameters for each item are used to model response scores. For our data 
set having 5 response scores, 4-item threshold parameters are estimated: Threshold 1 reflects the transition point from a score of 0 
(e.g., Never/Almost Never) to scores 1–4 (Rarely, Sometimes, Often, or Always/Almost Always); Threshold 2 reflects the transition 
point from scores of 0 or 1 to scores 2– 4; Threshold 3 reflects the transition point from scores of 0–2 to scores of 3–4; and Threshold 
4 reflects the transition point from scores of 0–3 to a score of 4.
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Item quality was evaluated based on three criteria: (a) Are item threshold estimates of 

GRM in order and well-separated? Ordered and well-separated item thresholds indicate 

that the item response anchors behaved as designed (e.g., as the latent construct increased, 

respondents would select higher response options). (b) Do average item locations (i.e., 

averaged across item threshold estimates) match their hypothesized severity level (mild, 

moderate, or severe) based on the construct map, and (c) Is an item discrimination estimate 

positive and high in magnitude? High discrimination estimates suggest an item will be able 

to effectively differentiate between people with varying degrees of listening-related fatigue. 

These item characteristics are important as they will impact the sensitivity of the final scale.

Finally, we looked at item and test information for various sets of high-quality items to help 

select items for the final VFS-A. Item information describes the amount of information an 

item provides across different levels of the latent construct (θ). Test information is the sum 

of item information across a set of items, also as a function of θ. High test information 

implies good measurement fidelity. We evaluated item and test information for several sets 

of items. Our goal was to generate a set of items that provide a test information level of 

at least 11.11 (test information = 1/[standard error of an IRT scorê2]) over a wide range 

of severities of listening-related fatigue (i.e., a range of θ’s). A standard error of 0.3 was 

used as an empirical cut-off to calculate the target test information value of 11.11. This error 

value corresponds to a reliability coefficient of 0.95, which has been deemed acceptable in 

the development of other clinical scales (e.g., Cole et al., 2012; Hospers et al., 2016).

Phase 3.2 Methods: Expert Panel Review.: We used the IRT analyses described above to 

identify a subset of high-quality items for further review by a panel of experts (N=11). The 

panel reviewed items for relevance, clarity and completeness. Reviewers were first provided 

with a copy of the construct map to help them understand the construct of listening-related 

fatigue. They were then asked to review items for relevance and clarity and to provide 

comments regarding the overall comprehensiveness of the item pool. An item was defined 

as relevant if it reflected, sampled, and measured the construct of listening-related fatigue 

as described in the construct map. Relevance was rated on a four-point scale (0, 1, 2, or 3) 

with response options including not relevant, somewhat relevant, quite relevant, and highly 

relevant. An item was defined as having good clarity if it was perceived as well-written, 

distinct, and at an appropriate reading level for AHL. Clarity was assessed by responding 

yes or no to the question “Is this question well-written and easy to understand?” When 

considering comprehensiveness, we asked panel members to use the construct map as a 

guide and comment via free response on whether the item pool provided a comprehensive 

overview of issues important to listening-related fatigue.

Phase 4 Methods: Final Analyses of the VFS-A-40—Using feedback from the expert 

panel and results from IRT analyses, a final pool of 40 items was identified. Once identified, 

we repeated the EFA and IRT analyses described in Phase 3.1 on this final item pool. In 

addition to item parameter estimates and item and test information, item fit was examined 

to judge how well the GRM described each test item. Item fit was assessed with the 

generalized χ2 test (e.g., Kang & Chen, 2008).
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We also conducted differential item functioning (DIF) analyses to determine whether 

the final pool of test items measured listening-related fatigue equivalently across distinct 

populations (i.e., age, gender, and hearing loss groups). DIF analyses were implemented 

using lordif package (Choi et al., 2011) in R version 3.2.4 (R Core Team, 2016). An ordinal 

logistic regression model, in conjunction with IRT scale scores as a matching criterion was 

chosen to detect DIF items. For each item, DIF was evaluated assuming a uniform effect 

(the effect is constant across trait levels) and non-uniform effect (the effect varies across 

trait levels).3 In addition to the likelihood ratio test at alpha=0.01, McFadden’s pseudo R2 

measure, which is a proportional reduction in the −2 log–likelihood statistic, was chosen as 

a DIF effect size measure. Zumbo (1999) suggests guidelines for classifying DIF based on 

the pseudo R2 statistic as negligible (< 0.13), moderate (between 0.13 and 0.26), and large 

(> 0.26).

As evidence of reliability for the final 40-item pool, marginal IRT reliability (Green et al., 

1984) was assessed. In addition, test-retest reliability was assessed in a separate sample 

of experienced adult cochlear implant users (N=86). These participants were recruited as a 

control group for an ongoing separate study examining how listening-related fatigue changes 

over time following receipt of a cochlear implant. Participants completed a preliminary 

version of the VFS-A-401 twice— once to provide a baseline score and a second time 

approximately 3 months later (mean/median = 3.2/3.1 months; standard deviation/semi-

interquartile range=0.4/0.11 months).

Results

Item and Test Development Results

Phase 1 Results: Latent Construct Operationalization—An analysis of focus group 

transcripts revealed that the construct of listening-related fatigue was multidimensional 

and centered around four primary domains: physical, cognitive, emotional, and social. 

Likewise, the experience of listening-related fatigue within these domains varied from mild 

to severe in nature. An individual’s listening-related fatigue was impacted by multiple 

factors including the acoustic environment of the listener, their motivation to listen, and any 

coping strategies used to minimize fatigue-related negative effects (see Davis et al., 2020, 

for details). We used these focus group data to create a construct map to operationalize 

listening-related fatigue (see Supplementary File 1).

This construct map defined the various experiences of listening-related fatigue across 

domains and levels of severity. Experiences in each domain were described in terms of the 

feelings and behaviors that were commonly reported by focus group participants. Regarding 

severity of listening-related fatigue, our analysis of focus group transcripts revealed large 

3The DIF detection was made by comparing three nested ordinal logistic regression models: (a) Model 1: the cumulative probability 

that the actual item response falls in category k or higher = intercept + slope1 * latent variable, (b) Model 2: the cumulative 
probability that the actual item response falls in category k or higher = intercept + slope1 * latent variable + slope2 * group, and (c) 

Model 3: the cumulative probability that the actual item response falls in category k or higher = intercept + slope1 * latent variable + 
slope2 * group + slope3 * latent variable * group. Uniform DIF was tested by comparing the log likelihood values for Models 1 and 
2 (one degree of freedom, or df = 1) and non-uniform DIF by comparing Models 2 and 3 (df = 1). A total DIF effect was evaluated 
by comparing Models 1 and 3 (df = 2). For these three comparisons, twice the difference in log likelihoods was compared to a χ2 

distribution with a specified df. Type I error rate, alpha=0.01, was chosen.
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individual variations. For example, an individual suffering from severe cognitive fatigue 

might report an inability or unwillingness to remain attentive and focused when listening— 

even for relatively short periods of time in a good (e.g., low noise) listening situation. 

A common coping strategy for this individual may be to disengage or give up trying to 

understand in that listening condition or avoid going into it at all. In contrast, another 

individual may report only minimal problems with attention or focus while listening, unless 

the acoustics are very challenging and/or the listening demands are extended over a long 

period of time. This individual’s listening-related fatigue (in the cognitive domain) would 

be considered mild in severity. Similar feelings, behaviors, and situations were identified for 

the other domains. In the next Phase, we developed potential test items that tapped into the 

feelings and behaviors described in the construct map.

Phase 2 Results: Item Creation and Initial Assessment

Phase 2.1 Results: Initial Item Development and Item Reduction Process.: The number 

of test items required for a sensitive and reliable test depends, in part, on the information 

provided by the specific test items. However, prior research has shown that with high-quality 

items acceptable test precision for a given domain can be obtained with at least 10 items 

(Sinharay, 2010). Thus, our goal was to initially develop enough items to identify a 

minimum of 10 high-quality items per domain (i.e., 40 items total). However, to achieve 

this goal a larger item pool would be required.

The research team used transcripts from Phase 1 focus groups to guide the development of 

over 2,000 potential test items. A subset of the study authors (N=3) met to review these 

items, exclude/revise poorly worded or redundant items, and identify a smaller pool of 

high-quality test items for additional review. This process resulted in a subset of 302 items 

which were subjected to further review by the full research team. Specifically, each team 

member evaluated all 302 items and, individually, selected approximately 100 items that 

they viewed as highest quality. Team members were instructed to select items (a) to ensure 

coverage of all domain/severity levels and (b) based on the item’s readability, clarity, and 

uniqueness. The research team then met as a group to review the individual selections and 

reach consensus on a reduced pool of items. This iterative review resulted in a reduced item 

pool containing 110 high-quality items that were then subjected to further evaluation via 

cognitive interviews.

Phase 2.2 Results: Initial Item Assessment via Cognitive Interviews.: Cognitive 

interviews revealed that most items were clearly understood. Interviewee responses to items 

were consistent with the item’s underlying intent. However, based on interview feedback, 

several items were discarded (n = 4) or modified (n = 18) to improve clarity, resulting in a 

final pool of 106 potential test items. The domain and severity level of the modified items 

matched those of the original items.

For most items, response options were made using either (a) a 5-point Likert frequency 

anchor where response options included Never/Almost Never, Rarely, Sometimes, Often, 

and Always/Almost Always or (b) a 5-point Likert agreement anchor, where response 

options included Strongly Disagree, Disagree, Neither Agree nor Disagree, Agree, Strongly 
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Agree. One item focused on “fatigability”, asking “In a difficult listening situation, I become 

tired after listening for ____”. Response options for this item were on a 5-point scale 

including: less than 30 minutes, 30–60 minutes, 2–3 hours, more than 3 hours and NA- I 

don’t become tired from difficult listening. This reduced pool of 106 items had an average 

Flesch-Kincaid reading grade level of 6.7 (range 0.5–11.2). These items were used to collect 

data for further evaluation of item quality in Phase 3 (see below).

Phase 3 Results: Item Assessment, Reduction and Development of the VFS-

A-40

Phase 3.1 Results: Initial EFA and Item Assessment using a GRM.: In Phase 3 we 

collected data, using this pool of 106 items, from adults with and without hearing loss (N 

= 580; see “Participants and Data Collection” section above). We conducted preliminary 

analyses of their responses using EFA and a GRM. The purpose of these initial analyses 

was to: (a) investigate the underlying latent structure of listening-related fatigue as measured 

using our test items, and (b) evaluate the quality of individual items to assist in selecting the 

final items for the VFS-A.

Despite focus group results suggesting that listening-related fatigue was multidimensional, 

results from the initial EFA revealed almost all items loaded highly onto a single factor— 

consistent with a unidimensional model (see Table 1). Specifically, an EFA using all 106 

items showed that a one-factor (unidimensional) model provided a good fit to the data 

according to model-data fit indices: RMSEA (0.057), RMSR (0.056), CFI (0.958), and TLI 

(0.958). See Supplementary file 2 for additional analyses confirming a one-factor solution. 

There were two items (one from the physical and social domains [P2_7 and S2_8]; both 

targeting a moderate severity) which did not load on this same factor. Based on this finding 

these two items were excluded from further analyses.

Based on the EFA results, a unidimensional GRM was fit to the remaining 104-item data 

set. We first conducted IRT analyses to examine the item parameter estimates of the GRM. 

The item parameter estimates are on the logit scale. Item discrimination estimates ranged 

from 1.45 to 5.8 (mean = 3.17), which are considered high magnitude item discrimination 

values. For almost all items, thresholds were in order and well separated. However, two 

items (“Listening in background noise can bother me” and “I prefer to listen in small (versus 

large) groups of people”) showed poor threshold separation at low levels of listening-related 

fatigue. For these items, threshold scores were similar for ratings of 0–1 and thus excluded 

from consideration for use in the final scale. GRM results also revealed that several test 

items were more sensitive to milder (n=18) or more severe (n=6) listening-related fatigue 

than expected. For example, the item “Struggling to listen and understand makes me tired.” 

was originally hypothesized to target listening-related fatigue of moderate severity. However, 

IRT analyses revealed the item was more sensitive to mild levels of listening-related fatigue. 

Discovering that an item targeted more, or less, severe fatigue than expected was not cause 

for exclusion. Rather, the item was recoded to accurately reflect the target severity. This new 

coding was used to ensure the items used in the final scale adequately covered all domains 

and severity levels of listening-related fatigue as defined by the construct map.
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Our next step was to reduce our item pool given our goal of approximately 10 items/domain 

in our final scale. IRT analyses were used to identify 61 high-quality (high item information 

and good threshold coverage) items from the 104-item pool for further analyses. In addition 

to item information, items were selected to ensure adequate coverage of all domains and 

severity levels described in the construct map. Fifteen items were selected to target each 

domain (Physical4, Social, Emotional and Cognitive) and one item assessed “fatigability” 

(i.e., the time it takes to become fatigued due to difficult listening). Within each domain 

there were more items targeting moderate (5 items) and severe (8 items) listening-related 

fatigue and fewer items targeting mild fatigue (2 items). We chose this approach based 

on the assumption that the negative effects of mild fatigue would be minimal. In contrast, 

the psychosocial and functional consequences of moderate-to-severe listening-related fatigue 

are more likely to warrant intervention. A scale sensitive to variations in moderate-to-

severe listening-related fatigue would also be required to detect the benefits of any such 

intervention. Based on the iterative evaluation process described above, the 61 items chosen 

for further evaluation were viewed as clearly written and assessed relatively unique aspects 

of listening-related fatigue (i.e., redundant items were excluded). These items were then 

subjected to review by an expert panel as described below.

Phase 3.2 Results: Expert Panel Review.: Expert panel members rated the relevance 

and clarity of the 61 items and the comprehensiveness of the item pool in relation to the 

construct map. All items were rated as “quite relevant” or “highly relevant” by at least 50% 

of panel members. Using a 0 (Not relevant) to 3 (Highly relevant) scale, the mean relevance 

rating for all items was 2.3 (i.e., midway between quite relevant and highly relevant). The 

median rating was 3.0 suggesting most reviewers felt all items were highly relevant. In terms 

of clarity, all items were rated as well-written and easy to understand by at least 50% of 

panel members.

Panel member ratings and comments, in conjunction with results of IRT analyses, were used 

to select a final pool of 40 items for the VFS-A-40. To ensure the final scale adequately 

assessed all relevant areas of listening-related fatigue, the final item pool contained 10 items 

in each domain. This number of items was required to meet our empirical criterion of test 

information of ≥11.11 (standard error of 0.3), over a wide range of fatigue severities, in each 

domain. To ensure sensitivity to moderate-to-severe listening-related fatigue in each domain, 

items were chosen to target moderate (3 items) and severe (6 items) listening-related fatigue 

more frequently than mild fatigue (1 item). Specifically, individual item information curves 

were evaluated to identify items that provided high information across a wide range of 

fatigue severities. The test information (sum of item information over items) resulting from 

various sets of items were compared to identify an optimal set of items for each domain.

Thirty-seven of the final 40 items were rated as quite or highly relevant by 70–100% of 

panel members. The mean/median relevance rating for all 40 items was 2.7/3, respectively, 

again suggesting that most reviewers felt the items were highly relevant. In terms of clarity, 

4Note after some initial analyses we replaced one item within the physical domain which asked about hearing device usage with an 
item that did not require respondents to use a hearing device to answer. The replacement item targeted the same domain and severity 
level and had similar psychometric properties as the original item.
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all selected items were rated as well-written and easy to understand by at least 50% of 

panel members and most items (30 of 40) were viewed as well-written by 90–100% of panel 

members. An additional five items were described as well written and easy to understand by 

80–89% of respondents. Of the remaining five items only two were rated as well written and 

easy to understand by fewer than 60–70% of panel members. Based on this review process, 

five (5) of the 40 selected items were modified slightly to improve clarity. Modifications 

involved adding or removing one or two words in a sentence. For example, the item 

“Struggling to listen and understand makes me tired.” was revised to read “Struggling to 

listen and understand makes me feel tired.” The single word added is shown in italics. In the 

next section we confirm the structure and quality of this final version of the VFS-A-40.

Phase 4 Results: Final Analyses of the VFS-A-40

Phase 4.1 Results: EFA and IRT Analyses.: The final version of the VFS-A-40 provides a 

total score based on all 40 items. In addition, 10-item subscale scores are also provided for 

each targeted domain of listening-related fatigue (physical, cognitive, social, and emotional). 

The mean/median Flesch-Kincaid grade reading level for the VFS-A-40 is 6.9/6.7 (standard 

deviation= 1.9; range = 2.8–10.3). Using data from Phase 3 respondents, we repeated our 

EFA and IRT analyses using only responses from this subset of 40 items.

EFA Results.: EFA model fit indices on this reduced data set continued to suggest that a 

one-factor model provided the most parsimonious, statistically compelling fit (See Table 2 

and Supplementary file 2).

IRT Analyses Results.: Based on these EFA results, a unidimensional GRM was fit to the 

40-item set data. Results revealed that item discrimination estimates remained high, with 

values falling between 2.110 and 5.883 (Mean=3.836). Thresholds were in order and well 

separated for all items. Figure 2 shows examples of category characteristic curves for four 

selected items- one from each domain of the VFS-A-40. Item parameter discrimination and 

threshold estimates of the GRM for items used to calculate a total score and subscale scores, 

are provided as supplementary files (See Supplementary files 3 and 4, respectively). All 

items fit well to the data based on the generalized χ2 test.

Figure 3 shows test information curves (TICs) for each domain of the VFS-A-40 and for the 

whole test. TIC’s show test information as a function of θ (i.e., the level of the underlying 

construct). A high value of test information and a broad TIC implies good measurement 

fidelity across a wide range of listening-related fatigue severities. These TICs show that 

the VFS-A-40 has good fidelity (test information ≥11.11) for the people with θ’s ranging 

between approximately −1.5 to +1.5. When estimating listening-related fatigue using the 

total score, the range is even wider. The TIC based on all 40 items shows good fidelity (test 

information ≥11.11) for θ values within the range of approximately −2 to +2.2.

DIF Analyses for Construct Validity.: Following selection of items for the VFS-A-40, DIF 

analyses were conducted to determine whether the VFS-A-40 measured listening-related 

fatigue equivalently in distinct populations. We assessed DIF of the test items across age 

groups in two ways. First, we divided our sample into two groups based on the median 
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age (52 years) of our sample (i.e., group 1: age < 52; group 2: age ≥52). Second, we used 

a cut-point of 65 years to broadly assess DIF among working age and retired adults. In 

addition, we examined DIF across gender groups (self-reported as male or female) and based 

on self-reported hearing loss (those who answered yes or no to the question “Do you have a 

hearing loss?”).

A detailed listing of all DIF detection results are provided in Supplementary file 5. Briefly, 

items were flagged as a DIF item when any of the likelihood ratio χ2statistics were 

significant. There were 3, 7, and 14 DIF items based on the three likelihood ratio χ2 

statistics for age, gender, and hearing loss groups, respectively. However, the DIF effect 

sizes (Mc-Fadden’s pseudo R2 measure) for these items were negligible (all effect sizes 

were ≤0.023). Results analyzing age effects using a cut point of 65 years of age replicated 

those using the median age (results not shown). In this analysis there were four DIF items 

(c3_5, p1_1, p3_4, and s3_1). However, their DIF effect sizes were again negligible (< 

0.012). Based on these results, we conclude VFS-A-40 scores can be interpreted in the same 

way between younger and older adults, males and females, and those with and without self-

reported hearing loss. Taken together, the results of these analyses suggest the VFS-A-40 has 

acceptable evidence of construct validity.

Test Score Reliability.: To assess test score reliability, we evaluated marginal IRT reliability 

and test-retest reliability. Marginal IRT reliability (ranging from 0 to 1) of the final scale 

version was evaluated using data from Phase 3 participants (N=580). The marginal IRT 

reliability of the final version of the VFS-A-40 was high at .981. Marginal IRT reliability 

for cognitive (.948), emotional (.949), physical (.942), and social (.941) domains was also 

high, providing evidence of good test score reliability. Test-retest reliability was assessed 

using the VFS-A-401 in a group of experienced adult cochlear implant users (N=86) who 

were participating in a separate, ongoing, study. A series of Wilcoxon signed ranks tests 

were used to examine differences in mean total, and subscale, scores obtained at baseline 

(T1) and approximately 3-months later (T2). Results revealed no significant difference 

between T1 and T2 total scores or any T1 and T2 subscale score. Mean T1-T2 differences in 

summed scores were all < 1 point. In addition, we assessed temporal stability by examining 

correlations, using Pearson correlation coefficients (i.e., test-retest reliability coefficients) 

and ICC’s, between individual T1 and T2 total and subscale scores. All correlation 

coefficients were positive and statistically significant, ranging from .60 to .69 (see Table 

3). Relative to other generic and disease-specific fatigue measures and existing measures 

of other transient states (see our summary and discussion section), we believe these results 

suggest the VFS-A-40 has adequate test-retest stability.

SUMMARY AND DISCUSSION

In this paper we describe our process for developing the VFS-A-40, a scale designed 

to assess listening-related fatigue in adults. The final version of the scale is provided in 

the supplementary materials (See Supplementary file 6). We first used data obtained in 

focus groups from AHL to operationalize the construct of listening-related fatigue. Results 

from these groups suggested that listening-related fatigue was a complex construct with 

physical, cognitive, emotional and social manifestations. For some people, the functional 
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and psychosocial consequences of listening-related fatigue can be significant. For example, 

someone with severe listening-related fatigue may need additional sleep or rest following a 

challenging listening situation or be unable to maintain focus and attention while listening 

in that setting. In addition, individuals may become extremely sad or upset due to their 

listening difficulties and/or isolate themselves from social settings that involve sustained 

and/or challenging listening. These findings highlight the potential negative effects that 

listening-related fatigue can have on the quality of life of those most affected.

We used comments from focus group participants to develop a pool of potential test 

items and then evaluated the psychometric properties of those items using responses 

from a large (N=580) and diverse sample of adults with and without hearing loss. 

The pool contained items reflecting all domains and severity levels of listening-related 

fatigue as identified by focus group participants. Despite this targeted approach, an EFA 

revealed that almost all items loaded heavily onto a single, primary, factor. This result 

suggests that the diverse clinical expressions of listening-related fatigue are related, and 

reflective of a single underlying construct; a finding that is consistent with research 

in the broader fatigue literature. For example, Michielsen et al. (2004) argued that the 

multidimensional nature of some existing generic and disease-specific fatigue scales may 

be overestimated due to the statistical approach used to examine dimensionality (i.e., EFA 

with eigenvalues exceeding unity as a criterion for identifying unique factors). These authors 

reexamined the dimensionality of several existing, multidimensional, scales using an EFA 

and Mokken Scale analysis. In contrast to prior work, their results suggested all scales 

were unidimensional in nature. In addition, an EFA on responses from all the measures 

combined showed that all items loaded heavily onto a single factor. They argue this finding 

offers strong support for the view of fatigue as a unidimensional construct. Lai et al. (2006) 

reported a similar finding when exploring the dimensionality of cancer-related fatigue.

Given our findings from adults with and without hearing loss, we believe the total 

score from the VFS-A-40 provides the most precise, robust, and psychometrically sound 

measure of an individual’s listening-related fatigue. However, examining subscale scores 

may still be clinically useful despite associations between domains. For example, consider 

an intervention designed to improve an individual’s emotional responses to listening-related 

fatigue. In this case we might predict the largest effects on items targeting the emotional 

domain. This effect could, in theory, be identified by an analysis of subscale scores. 

Using the total score alone, however, could potentially mask the benefits of such an 

intervention. Moreover, subscale scores may have clinical utility by identifying intervention 

priorities. For example, a patient’s fatigue score may indicate moderate listening-related 

fatigue across domains. However, follow-up questioning reveals that their primary concern 

is feeling physically exhausted after group meetings. In this case, the clinician may find 

responses from the physical subscale useful for generating intervention priorities and patient 

counseling. In addition, while results from our sample of adults with and without hearing 

loss suggest listening-related fatigue is a unidimensional construct, this may not be the case 

in other populations. For example, a recent study by McGarrigle et al. (2020) used the 

preliminary version of the VFS-A-401 to examine effortful listening and fatigue in young 

and older adults with relatively good hearing. Exploratory analyses revealed significant 

age-related differences in listening-related fatigue— but only in the social domain. No group 
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differences were observed in total scores or in any other domain (McGarrigle et al., 2020). 

For these reasons we have maintained subscale scoring options in our final version of the 

VFS-A-40.

Importantly, IRT analyses confirmed the good reliability of the VFS-A-40 total score (based 

on all 40 items) and subscale scores (based on 10 items/domain). An analysis of test 

information for the total score and subscale scores showed good fidelity (test information 

≥ 11.11; IRT marginal reliability coefficient ≥ .95) over a wide range of severity levels 

(see Figure 3). Test information, and thus the precision of the IRT scores, was reduced 

for individuals experiencing very mild (θ < −2) or more severe (θ > 2.2) listening-related 

fatigue. A similar pattern was seen for subscale scores with test precision somewhat reduced 

for those with lower (θ < −1.5) and higher levels (θ > 1.5) of domain-specific, listening-

related fatigue. It is also noteworthy that the vast majority of our respondents (~94%) had 

total scores that fell within θ’s of −2 to +2.2 and only ~1% of respondents (7 of 580) had θ’s 

>2.2, suggesting the VFS-A-40 can provide a precise estimate of listening-related fatigue for 

most adults (see Figure 4). A similar finding was observed for subscale scores with ~82% 

to 88% of respondents subscale scores falling within θ’s ranging from approximately −1.7 

to +1.9. Theta values where test information fell below 11.11 varied slightly across domains 

from a minimum of −1.7 (cognitive domain) to a maximum of 1.9 (physical domain; results 

not shown).

Our analyses also suggest the VFS-A-40 has adequate test-retest reliability. There are no 

universal “cut-off” scores for reliability as it is inherently dependent on the construct being 

measured (e.g., a stable trait or a variable state) and the sensitivity of the scores (Thompson, 

2002). Listening-related fatigue, like the broader construct of general fatigue and other 

moods, is a variable state that can be impacted by many factors. Thus, we expect estimates 

of listening-related fatigue to vary over time, impacting measures of test-retest reliability. 

Test-retest variability measured over a 3-month period revealed correlation coefficients 

ranging from .60–.69 across the VFS-A-40 scales. These values are consistent with the 

reliability of other generic and disease-specific fatigue measures, and existing measures of 

other transient states (Krueger & Schkade, 2008; McNair & Heuchert, 2010; Donovan et al., 

2015).

For example, Krueger and Schkade (2008) examined reliability of several measures of 

subjective well-being, an important but variable state. When assessing well-being over a 2 

to 2.5-month period, reliability coefficients ranged from .50 – .82. In comparison to another 

fatigue measure, Donovan et al. (2015) found reliability coefficients across several studies 

that used the Multidimensional Fatigue Symptom Inventory-Short Form (Stein et al., 2004) 

ranged from .51 to .70. Likewise, test-retest reliability of the fatigue subscale of the POMS, 

a widely used generic fatigue measure, varied from .39 to ~.75 across studies (Gibson, 1997; 

McNair & Heuchert, 2010; Salinsky et al., 2001).

Despite our positive findings, additional work is needed to further evaluate the reliability and 

validity of VFS-A-40. For example, literacy is an important issue for scale development and 

ensuring usability. Our initial work using cognitive interviews and an expert panel suggests 

the items comprising the VFS-A-40 are clear, comprehensible, and accessible to adults 
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with hearing loss. Likewise, personal experience in our lab using the final version of the 

VFS-A-40 on ongoing projects suggests most adults can complete the scale, on their own, 

in 5–10 minutes. However, additional work specifically examining usability and accessibility 

of the scale for those with varying literacy levels is needed.

In addition, this initial work targeted adults with and without self-reported hearing loss. 

However, we believe listening-related fatigue may be an important problem for other 

populations that struggle with listening-related difficulties (e.g., second language learners, 

tinnitus sufferers, or those with additional learning or other auditory processing disorders, 

etc.). For example, recent work from our laboratory using a generic fatigue measure revealed 

that school-age children with hearing loss who were also poor readers reported more 

cognitive fatigue than children with hearing loss who were good readers (Camarata et 

al., 2018). Associations between listening-related fatigue and other academic or learning 

difficulties are unknown but warrant additional investigation.

Finally, additional studies are needed to examine relationships between the VFS-A-40 and 

other general, and hearing-loss specific, subjective, behavioral, and clinical outcomes (e.g., 

depression, social isolation, self-reported hearing difficulties, willingness to seek help for 

hearing difficulties, etc.). Such studies are essential for determining the functional impact of 

listening-related fatigue and establishing clinical criteria for intervention and for assessing 

intervention benefits (i.e., minimal clinically important differences).

Regarding clinical utility, we used IRT analyses to evaluate the psychometric properties of 

the VFS-A-40. Specifically, we used EAP to analyze item response patterns rather than 

summed scores, in part, because of its sensitivity to differences in the underlying latent 

construct among participants. However, calculating a VFS-A-40 summed score (total and 

subscale scores) provides a simple alternative for clinical use when IRT analysis of response 

patterns is not possible. Therefore, we also employed EAP on respondent summed scores 

(Lord & Wingersky, 1984) and have provided conversion tables to relate total and subscale 

summed scores to IRT scale scores (see Supplementary files 7 and 8, respectively). The EAP 

for a given summed score is calculated as an average IRT score over all possible response 

patterns. In addition, we have provided R-code which uses item discrimination and threshold 

estimates derived from this study to calculate IRT scores based on VFS-A-40 response data. 

The R code and item parameter estimates have been made freely available for download 

online (https://osf.io/dpy9m/).

In summary, despite its impact on diverse populations (e.g., AHL, adults with TBI and other 

cognitive disorders, second language learners), until now a measure of fatigue specific to 

listening and communication challenges did not exist. In this paper, we provide a detailed 

description of the development of a novel scale for measuring listening-related fatigue in 

adults. Standard analytic assessment criteria reveal that the VFS-A-40 is a reliable and 

valid measure of the underlying unidimensional construct of listening-related fatigue. The 

VFS-A-40 will help to identify those most affected by listening-related fatigue and will 

bolster the current measurement toolkit of clinicians and researchers. A more comprehensive 

understanding of the negative impact of listening difficulties will ultimately help to tailor 

intervention strategies (e.g., use of a hearing device) that seek to improve quality of life.
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Public Significance Statement:

Listening-related fatigue can negatively affect people with a wide range of health 

conditions, including hearing loss. A reliable and valid assessment method is required 

to identify those with moderate-to-severe fatigue who may need interventions, and to 

assess the efficacy and effectiveness of any such interventions. The 40-item Vanderbilt 

Fatigue Scale for Adults (VFS-A-40) was developed to fill these needs.
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Figure 1. 

Flow chart of the VFS-A scale development and validation process
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Figure 2. Exemplar category characteristic curves for four items from the VFS-A-40.

Note. IRT scores are shown on the x-axis and the probability of selecting a given response 

option (e.g., Category 1=Never/Almost Never) is shown on the y-axis. Panels show a 

category characteristic curve for a test item from the Cognitive (Item C2_2), Emotional 

(Item E3_3), Physical (Item P2_2) and Social (Item S3_4) domains, respectively
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Figure 3. VFS-A-40 Test information curves (TIC)

Note. TIC’s for the VFS-A-40 total test and the Cognitive, Physical, Emotional and Social 

subscales. The dashed line parallel to the x-axis represents a test information level of 

11.1which corresponds to a reliability coefficient of 0.95. The intersection of the TICs 

and dashed line represents the range of scores over which the VFS-A-40 demonstrates of 

acceptable test information.
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Figure 4. Distribution of IRT scores in our Sample in Relation to Test Information of the 
VFS-A-40

Note. Distribution of total IRT scores for 580 respondents (Grey bars; right y-axis represents 

percentage of respondent IRT scores falling within a certain range) and test information 

of the VFS-A-40 (solid line; left y-axis represents test information) as a function of IRT 

score (x-axis). The dashed line represents test information of 11.1 which corresponds to a 

reliability coefficient of .95.
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Table 1.

EFA results based on 106-item pool used to develop the VFS-A-40.

Fit Indices across 1–4 factor EFA

Fit Indices 1-Factor 2-Factor 3-Factor 4-Factor

RMSEA 0.057[0.056,0.058] 0.054[0.053,0.055] 0.049[0.047,0.050] 0.044[0.043,0.045]

SRMR 0.056 0.040 0.035 0.031

CFI 0.958 0.974 0.979 0.983

TLI 0.958 0.973 0.978 0.982

Note. RMSEA- root-mean-square error of approximation index; RMSR- root-mean-square residual; CFI- comparative fit index; TTL- Tucker-

Lewis index. Values in brackets show 90% confidence interval for RMSEA.
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Table 2.

EFA results based on final VFS-A-40 items.

Fit Indices across 1–4 factor EFA

Fit Indices 1-Factor 2-Factor 3-Factor 4-Factor

RMSEA 0.041 [0.039,0.044] 0.031 [0.029,0.034] 0.022 [0.019,0.025] 0.015 [0.011,0.018]

SRMR 0.037 0.027 0.021 0.017

CFI 0.985 0.989 0.993 0.995

TLI 0.984 0.988 0.991 0.993

Note. RMSEA- root-mean-square error of approximation index; RMSR- root-mean-square residual; CFI- comparative fit index; TTL- Tucker-

Lewis index. Values in brackets show 90% confidence interval for RMSEA.
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Table 3.

Mean VFS-A-401 summed scores and standard errors (SE) at Time 1 and Time 2 for a group of adult cochlear 

implant users (N=86). Wilcoxon Z and the resultant p-values in () are shown in the fourth column. Pearsons 

R and Intraclass correlation coefficient (ICC) values for comparisons of scores at T1 and T2 are shown in 

the fifth and final columns, respectively. ICC 95% confidence intervals are shown in (). Bolded values are 

significant at the 0.01 level (2-tailed).

Summed Scores Time 1 Time 2 Wilcoxon Z Pearsons R ICC

Total 70.7 (3.6) 71.1 (3.5) −.177 (.860) .68 .68 (.55–.78)

Cognitive 22.1 (0.93) 22.6 (0.88) −.476 (.634) .69 .69 (.57–.79)

Emotional 17.2 (0.99) 17.0 (0.96) −.383 (.702) .68 .69 (.56–.78)

Physical 13.7 (0.94) 13.6 (0.93) −.561 (.575) .60 .61 (.45–.73)

Social 17.8 (0.99) 18.0 (0.96) −.290 (.772) .68 .69 (.59–.78)
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