
Research Article

Development and Evaluation of Pediatric Versions of
the Vanderbilt Fatigue Scale for Children With
Hearing Loss
Benjamin W. Y. Hornsby,a Stephen Camarata,a,b Sun-Joo Cho,b Hilary Davis,a

Ronan McGarrigle,c and Fred H. Bessa

aDepartment of Hearing and Speech Sciences, School of Medicine, Vanderbilt University, Nashville, TN bDepartment of Psychology and Human
Development, Peabody College, Vanderbilt University, Nashville, TN cDepartment of Psychology, University of Bradford, United Kingdom
A R T I C L E I N F O

Article History:
Received January 23, 2022
Revision received March 12, 2022
Accepted March 15, 2022

Editor-in-Chief: Peggy B. Nelson
Editor: Michelle R. Molis

https://doi.org/10.1044/2022_JSLHR-22-00051
Correspondence to Benjamin W. Y. Hornsby: be
org. Disclosure: The authors have declared that no c
or nonfinancial interests existed at the time of publica

Journal of Speech, Language, and He

This work is licensed under a Cre
A B S T R A C T

Purpose: Growing evidence suggests that fatigue associated with listening diffi-
culties is particularly problematic for children with hearing loss (CHL). However,
sensitive, reliable, and valid measures of listening-related fatigue do not exist. To
address this gap, this article describes the development, psychometric evaluation,
and preliminary validation of a suite of scales designed to assess listening-related
fatigue in CHL: the pediatric versions of the Vanderbilt Fatigue Scale (VFS-Peds).
Method: Test development employed best practices, including operationalizing
the construct of listening-related fatigue from the perspective of target respon-
dents (i.e., children, their parents, and teachers). Test items were developed
based on input from these groups. Dimensionality was evaluated using explor-
atory factor analyses (EFAs). Item response theory (IRT) and differential item
functioning (DIF) analyses were used to identify high-quality items, which were
further evaluated and refined to create the final versions of the VFS-Peds.
Results: The VFS-Peds is appropriate for use with children aged 6–17 years
and consists of child self-report (VFS-C), parent proxy–report (VFS-P), and
teacher proxy–report (VFS-T) scales. EFA of child self-report and teacher proxy
data suggested that listening-related fatigue was unidimensional in nature. In
contrast, parent data suggested a multidimensional construct, composed of
mental (cognitive, social, and emotional) and physical domains. IRT analyses
suggested that items were of good quality, with high information and good dis-
criminability. DIF analyses revealed the scales provided a comparable measure
of fatigue regardless of the child’s gender, age, or hearing status. Test informa-
tion was acceptable over a wide range of fatigue severities and all scales
yielded acceptable reliability and validity.
Conclusions: This article describes the development, psychometric evaluation,
and validation of the VFS-Peds. Results suggest that the VFS-Peds provide a
sensitive, reliable, and valid measure of listening-related fatigue in children that
may be appropriate for clinical use. Such scales could be used to identify those
children most affected by listening-related fatigue, and given their apparent sen-
sitivity, the scales may also be useful for examining the effectiveness of poten-
tial interventions targeting listening-related fatigue in children.
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Fatigue is characterized subjectively as a mood state
and is typified by feelings of low energy, tiredness, weari-
ness, sleepiness, or exhaustion (Hornsby et al., 2016). Sub-
jective feelings of fatigue are generally a consequence of
high levels of sustained effort applied during challenging
physical and/or mental tasks. Fatigue is pervasive in daily
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living and may occur on a frequent basis in both adults
and children. Not only is fatigue prevalent among the gen-
eral community, it is commonly associated with a broad
array of illnesses and syndromic conditions (Hockey, 2013;
Wessely et al., 1998). In fact, it is one of the most common
complaints reported in primary care settings (Hockey,
2013). When high levels of effort are a result of prolonged
listening activities, the resultant fatigue may be referred to
as listening-related fatigue (Bess et al., 2020; Davis,
Schlundt, Bonnet, Camarata, Bess, & Hornsby, 2021;
Hornsby et al., 2021). For most healthy people, fatigue is
experienced as mild and transient and can be easily
resolved with no significant aftereffects. However, if the
fatigue is severe, repetitive, and prolonged, as occurs in
many people with chronic health conditions (e.g., multiple
sclerosis, cancer, diabetes, systemic lupus, and obesity), the
negative consequences can be broad and significant,
impacting performance, well-being, and quality of life (Bess
& Hornsby, 2014; Deluca, 2005; Hockey, 2013). For exam-
ple, pediatric research suggests that children with chronic
health conditions are more likely to experience fatigue-
related issues such as increased school absences, poor
school performance, reduced participation of daily activi-
ties, troubles with sleeping, and difficulties with interper-
sonal relationships (Gaba & Howard, 2002; Hockenberry-
Eaton et al., 1999; Ravid et al., 2009).

There is growing evidence supporting a link between
hearing loss and fatigue. This evidence suggests that the
common act of listening can be a challenging experience for
some adults and children with hearing loss (CHL; Davis,
Schlundt, Bonnet, Camarata, Hornsby, & Bess, 2021;
Holman, Hornsby, et al., 2021; Hornsby, 2013; Hornsby &
Kipp, 2016; Lindburg et al., 2021). Numerous studies have
reported that, compared to peers without hearing loss, adults
with hearing loss frequently experience greater listening
effort and listening-related fatigue across a variety of com-
munication settings and contexts (Bess et al., 2014; Bess &
Hornsby, 2014; Davis, Schlundt, Bonnet, Camarata, Bess, &
Hornsby, 2021; Dwyer et al., 2019; Holman et al., 2019).
Furthermore, such fatigue compromises performance in the
workplace, task motivation, and quality of life (Davis,
Schlundt, Bonnet, Camarata, Bess, & Hornsby, 2021;
Hockey, 2013; Holman, Hornsby, et al., 2021; Hornsby
et al., 2021). For example, Davis, Schlundt, Bonnet,
Camarata, Bess, and Hornsby (2021) conducted focus
groups in a sample of adults with varying degrees of hearing
loss to better understand the extent and impact of listening-
related fatigue on their daily lives. Their study revealed that
listening-related fatigue was indeed a significant problem for
many adults with hearing loss, especially when listening in
background noise. Participants reported a wide range of
fatigue experiences across multiple domains (i.e., physical,
mental, emotional, and social domains) that negatively
affected their quality of life.
2344 Journal of Speech, Language, and Hearing Research • Vol. 65 •
CHL also experience listening-related fatigue and,
when severe, its associated sequelae (Davis, Schlundt,
Bonnet, Camarata, Hornsby, & Bess, 2021; Gustafson
et al., 2018; Hornsby et al., 2014; McGarrigle et al.,
2019). Compared to peers without hearing loss, CHL
exhibit more stress (Bess et al., 2016), lower energy (Bess
et al., 1998), greater listening effort (Hicks & Tharpe,
2002; Lewis et al., 2016; McGarrigle et al., 2019), and
increased listening-related fatigue (Bess et al., 2020; Davis,
Schlundt, Bonnet, Camarata, Hornsby, & Bess, 2021).
Davis, Schlundt, Bonnet, Camarata, Hornsby, and Bess
(2021) conducted focus groups and interviews in school-
age children with moderate-to-profound hearing loss, their
parents, and school professionals who work with CHL.
Using qualitative data from these groups, Davis and col-
leagues were able to clarify and describe the fatigue expe-
riences of CHL. Primary themes from participants were
used to develop a theoretical framework for understanding
listening-related fatigue in CHL. Several situational deter-
minants of listening-related fatigue were identified, includ-
ing environmental/talker factors (e.g., background noise),
school-specific factors (e.g., pressure to listen/do well), and
child-specific factors (e.g., motivation to listen). The theo-
retical framework highlighted the complex ways in which
these situational determinants interact with other factors,
such as the use of (and barriers to using) coping strategies,
to impact listening-related fatigue in CHL.

Given that fatigue and its negative consequences are
common in CHL, the need for a reliable and valid mea-
sure to assess this construct is crucial. Self-report scales
are the primary metrics for assessing an individual’s
fatigue experience (Christodoulou, 2007). Many fatigue
scales exist for adults, whereas fewer tools are available
for children. Importantly, until now, none were developed
to target listening-related fatigue in children. Some scales
are generic (i.e., designed to assess fatigue across diverse
populations). One generic measure designed for use with
children is the Pediatric Quality of Life Inventory Multi-
dimensional Fatigue Scale (PedsQL-MFS; Varni et al.,
2002). Several studies have used the PedsQL-MFS to assess
fatigue in CHL (Hornsby et al., 2014, 2017; Sindhar et al.,
2021; Werfel & Hendricks, 2016). While these studies
uniformly found that CHL experienced more fatigue
than their peers without hearing loss, large between-
study differences were observed, signaling the potential
insensitivity of this generic tool for measuring variations
in the fatigue experiences of CHL (Hornsby et al., 2014,
2017; Sindhar et al., 2021).

In contrast to generic measures, some scales are cre-
ated to assess fatigue associated with specific health condi-
tions such as cancer in adolescents (Hockenberry-Eaton
et al., 1999) or hearing loss in adults (Hornsby et al.,
2021). Disease-specific scales may be more sensitive than
generic instruments because they assess issues that are
2343–2363 • June 2022



especially relevant to those with a given health condition.
As a result, they may be more useful for discerning subtle
differences in the health status of individuals suffering from
a given disorder and/or for detecting small, yet potentially
important, changes resulting from interventions (Patrick &
Deyo, 1989). For example, Holman, Drummond, and
Naylor (2021) examined changes in self-reported fatigue
over time in a group of adults with hearing loss who were
receiving hearing aids for the first time and a control group
of adults with hearing loss who did not obtain hearing aids
or already had hearing aids. Fatigue ratings were obtained
using two generic fatigue scales (Fatigue Assessment Scale
[FAS]; Michielsen et al., 2003; Multidimensional Fatigue
Symptom Inventory-Short Form [MFSI-SF]; Stein et al.,
2004) and the 40-item version of the Vanderbilt Fatigue
Scale for Adults (VFS-A-40; Hornsby et al., 2021). The
VFS-A-40 was designed specifically to assess listening-
related fatigue. Ratings were obtained at the initial assess-
ment session and then again approximately 3, 6, and
9 months post the initial assessment. Results, as measured
using the VFS-A-40, revealed a significant reduction in
listening-related fatigue in the group that received their first
hearing aid but not in the control group. The generic
instruments (FAS and MFSI-SF) were not sensitive to
changes in fatigue following the hearing aid fitting, high-
lighting the potential for increased sensitivity when using
disease-specific scales.

Whenever possible, subjective measures should be
completed by the individual who is directly experiencing
the difficulty (i.e., via self-report). However, in some cases,
this may not be possible or optimal, for example, when
assessing infants, young children, or individuals with signifi-
cant illnesses and/or cognitive or developmental impair-
ments (e.g., Eiser & Morse, 2001; Varni et al., 2010). In
these situations, useful information can be obtained from
proxy respondents, such as significant others or parents.
Parents and professionals who work with children may be
able to provide important and complementary information
about the impact of a disease or disorder on a child’s expe-
rience or quality of life (Eiser & Morse, 2001; Sprangers &
Aaronson, 1992; Varni et al., 2007). For example, in some
cases, parents (or teachers) may be more aware of a child’s
fatigue-related issues than the child themselves. Consider a
child with longstanding hearing loss whose listening strug-
gles at school leave them so tired they frequently nap or
rest at home after school. Given their limited experience,
this may seem “normal” to the child. They may be
unaware that other children may not experience these same
feelings. The parent, however, can more readily compare
their child’s behaviors to other siblings or peers, highlight-
ing their child’s fatigue. Relevant to this study, we theo-
rized that parents, as well as professionals who interacted
regularly with CHL, could provide “value added” informa-
tion regarding behaviors associated with fatigue that they
have observed in the child. We hypothesized that these
three sources of information (self-report and two proxy-
report types) would yield important, specific, and sensitive
insights regarding the listening-related fatigue experienced
by children.

To summarize, many CHL are at increased risk for
listening-related fatigue and its multiple cascading effects.
This study was developed in response to (a) the promi-
nence of reports of subjective fatigue among CHL, (b) the
potential impact of listening-related fatigue on psychoso-
cial well-being and life quality, and (c) the current absence
of a standardized and sensitive tool for assessing listening-
related fatigue in CHL. Specifically, the aim of this study
was to develop and validate a suite of child-centered mea-
sures of listening-related fatigue appropriate for use in
CHL—the pediatric versions of the Vanderbilt Fatigue
Scale (VFS-Peds). The VFS-Peds allows for the assessment
of fatigue via child self-report (VFS-C), as well as parent
proxy–report (VFS-P) and teacher proxy–report (VFS-T).
These scales will be critical for identifying those children
at most risk for developing significant listening-related
fatigue, for assessing and optimizing management strate-
gies to reduce such fatigue, and for conducting compara-
tive effectiveness research.
Methods

The methods used in this multiyear study were
guided, in part, by our previous research developing and
validating a scale to assess listening-related fatigue in
adults with hearing loss (Hornsby et al., 2021). The gen-
eral procedures used are often employed when developing
new measures for a construct (Clark & Watson, 2019).
Figure 1 provides an overview of the four phases of the
development and validation process. A detailed descrip-
tion of these phases is provided below.

Phase 1 Methods: Latent Construct
Operationalization–Listening-Related
Fatigue in CHL

Phase 1 began with a review of the fatigue literature
in relation to pediatric hearing loss. This review suggested
that systematic research in this area was limited and com-
prised largely of pilot studies and anecdotal reports. To
improve our understanding of fatigue in this population
and to inform content for potential test items, CHL, their
parents, and school professionals working with CHL were
invited to participate in moderated focus groups and/or
interviews to discuss the experience of listening-related
fatigue in CHL. A brief description of the methods used is
provided below. Details of the participants and procedures
used in these focus groups have been previously published
Hornsby et al.: Pediatric Vanderbilt Fatigue Scale 2345



Figure 1. Flowchart of the development and validation process for creating the pediatric versions of the VFS-Peds. CHL = children with
hearing loss; EFA = exploratory factor analysis; DIF = differential item functioning; IRT = item response theory;
VFS-Peds = Pediatric Vanderbilt Fatigue Scale; VFS-C = VFS child self-report scale; VFS-P = VFS parent proxy–report scale; VFS-T = VFS
teacher proxy–report scale.
(see the work of Davis, Schlundt, Bonnet, Camarata,
Hornsby, & Bess, 2021).

Participants
Participants were recruited from Vanderbilt Bill

Wilkerson Center (VBWC) Audiology clinics and sur-
rounding community. In Phase 1, a total of 88 individuals
completed a focus group or interview. Participants included
43 children with bilateral, moderate-to-profound hearing loss
(7–17 years; M = 12.4 years); 17 parents; and 28 school pro-
fessionals working with CHL. School professionals included
teachers (general educators and deaf educators), speech-
language pathologists, and educational audiologists. For
additional information, see the work of Davis, Schlundt,
Bonnet, Camarata, Hornsby, and Bess (2021).

Procedures
Focus group discussions and interviews were recorded

and transcribed for further review and analysis (approxi-
mately 21 hr of recordings were transcribed verbatim). Com-
mon themes were identified and organized to create a theo-
retical framework to conceptualize listening-related fatigue.
See the work of Davis, Schlundt, Bonnet, Camarata,
Hornsby, and Bess (2021) for a detailed discussion of these
procedures. We utilized these data to develop a “construct
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map” (Wilson, 2005) that described the domains and severity
levels of listening-related fatigue experienced by CHL from
the perspectives of the child, their parents, and the school
professionals working with them (see Supplemental Material
S1). This construct map was used to guide the development
of test items for the VFS-Peds.

Phase 2 Methods: Item Creation, Initial Item
Review, Reduction, and Assessment

In Phase 2, information from focus group partici-
pants was used to create large pools of potential test items
for each version of the VFS-Peds (i.e., the VFS-C, VFS-P,
and VFS-T). The items were reviewed by target respon-
dents and an expert panel. Items were revised or elimi-
nated based on their feedback resulting in an initial bank
of approximately 60 test items for each scale.

Participants
Phase 2 participants included nine CHL, six parents,

and seven school professionals who completed cognitive
interviews. Parents and children were again recruited from
VBWC Audiology clinics, whereas school professionals
were recruited via local school districts. In addition, 11
professionals who worked clinically and/or in research
2343–2363 • June 2022



areas related to CHL (three speech-language pathologists,
five audiologists, two deaf educators, and one hearing sci-
entist) served as expert panel members. Each scale was
reviewed for completeness, content relevance, and clarity
by six (child and teacher scales) or seven (parent scale) of
members of the expert panel.

Procedures
Initial item development and item reduction process.

Transcripts from focus group discussions and interviews
were organized for review by research laboratory mem-
bers. Two to three members read each transcript, line by
line, to review participant comments. If a comment pro-
vided information relevant to listening-related fatigue, the
laboratory member created a potential test item, using the
behavior, situation, or experience noted by the participant.
This process enhances the content validity of the test items
selected for the final scale (Hornsby et al., 2021). Using
this approach, we created large pools of items based on
comments from each respondent group (~95 items/group).
These items were iteratively reviewed by the research team
to remove redundant and unclear items. Relevant and
clear items that remained were coded, based on the con-
struct map, to a specific domain (physical, cognitive, and
social–emotional) and severity level (mild, moderate, or
severe). Our end goal was to develop a sensitive, reliable,
and valid scale that was brief enough to ensure clinical
utility and practicality. The number of items needed to
achieve such sensitivity depends largely on the quality of
the test items, but this number can be optimized using
item response theory (IRT) analyses. Work on the adult
version of the VFS (Hornsby et al., 2021) suggests that a
sensitive test can be created with as few as approximately
10 items.

Initial item assessment via cognitive interviews and
expert panel review. As a next step to identify high-quality
items, we completed cognitive interviews to ensure that
target respondents’ (i.e., children, parents, and teachers)
interpretation of potential items was consistent with our
original intent. Participants were asked to describe out
loud their thought process as they read and responded to
each test item. This allowed the examiner to understand
how the question was interpreted by the participant and
to identify potential problems with interpretation or com-
prehension for a given item. All interviews were recorded
and transcribed for later review.

The same items were also reviewed by members of
our expert panel. Panel members were asked to rate each
item in terms of its clarity and relevance and to provide
additional feedback about items as needed. The construct
map was provided for reference to help calibrate panel
members understanding of the construct of listening-
related fatigue. Participants rated each item for relevance
using a 4-point (0–3) scale. Items were rated as not
relevant, somewhat relevant, quite relevant, or highly rele-
vant, respectively. To determine item clarity, the panel
answered “yes” or “no” to the question: “Is this question
well-written and easy to understand?” Findings from the
cognitive interviews and expert panel review were used to
reduce the initial item pool by identifying redundant and
unclear items that were then removed or revised.

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

In Phase 3, we collected data from large samples of
target respondents using high-quality items identified in
Phase 2. These data were subjected to exploratory factor
analyses (EFAs) and IRT analyses to identify high-quality
items for the final versions of the VFS-Peds.

Participants
Local participants were recruited from VBWC Audi-

ology clinics and from schools in the Middle Tennessee
area. Additional participants were recruited broadly via
online postings (e.g., social media postings and e-mails to
groups with hearing loss). Children with, or without, any
degree or configuration of hearing loss, their parents, and
school professionals could participate. A total of 907 par-
ticipants (see Table 1) completed the preliminary versions
of the scales (60 items/scale). This consisted of 211 chil-
dren aged 7–17 years (mean/median age = 13.2/13 years,
SD/semi-interquartile range [SIQR] = 2.03/1.5 years), 392
parents, and 304 school professionals. Parents answered
basic demographic information about their child, includ-
ing estimating their child’s binaural hearing difficulties as
(a) none: Their child has no hearing difficulties; (b) slight/
mild: Their child only has trouble hearing and understand-
ing speech when it is soft, from a distance, or when listen-
ing in noise; (c) moderate: Their child has difficulty hear-
ing and understanding speech at normal conversational
levels, even when the speaker was relatively close; (d)
severe: Their child, without amplification, is only able to
hear loud speech or loud environmental sounds; conversa-
tional speech is generally not heard without a hearing
device; or (e) profound: Their child generally only per-
ceives loud sounds as vibrations. School professionals
reported about their role in the education system and how
many CHL were on their caseload.

Procedures
Phase 3 consisted of collecting responses to our pool

of potential test items for each scale from a large sample
of children with and without hearing loss, their parents,
and school professionals. Data collection was completed
either in person (paper forms) or online via Vanderbilt’s
Research Electronic Data Capture (REDCap) system
Hornsby et al.: Pediatric Vanderbilt Fatigue Scale 2347



Table 1. Demographics of Phase 3 respondents.

Respondent groups Child Parent School professional

Number of children reported on (N = 907) N = 211 N = 392 N = 226/304*
Child characteristics
Child age (mean/median & range in years) 13.2/13 (7–17) 11.2/11 (6–17) 9.8/9 (5–17)
Gender (number & percentage of sample)
Male 98 (46%) 189 (48%) 159 (52%)
Female 105 (50%) 191 (49%) 142 (47%)
Did not disclose 8 (4%) 12 (3%) 3 (1%)

Group type (number & percentage of sample)
Hearing loss 156 (74%) 296 (76%) 220 (72%)
Unilateral loss 34 (22%) 60 (20%) DNC
Bilateral loss 122 (78%) 236 (80%) DNC

No hearing loss 50 (24%) 93 (24%) 61 (20%)
Did not disclose 5 (2%) 3 (< 1%) 23 (8%)

Description of child’s hearing impairment** n = 156 n = 296
Slight/mild 34 (22%) 65 (22%) DNC
Moderate 60 (38%) 115 (39%) DNC
Severe 23 (15%) 50 (17%) DNC
Profound 31 (20%) 59 (20%) DNC
Did not disclose 8 (5%) 7 (2%) DNC

Parent characteristics
Highest level of education
Some high school NA 12 (3%) DNC
High school grad/GED NA 47 (12%) DNC
Some college/postsecondary NA 61 (16%) DNC
Associate’s degree NA 29 (7%) DNC
Bachelor’s degree NA 97 (25%) DNC
Graduate/professional degree NA 103 (26%) DNC
Did not disclose NA 43 (11%) DNC

School professional characteristics
Professional type
General educator NA NA 72 (32%)
Deaf educator NA NA 79 (35%)
Special educator NA NA 19 (8%)
Speech-language pathologist NA NA 23 (10%)
Educational audiologist NA NA 12 (6%)
Other*** NA NA 21 (9%)

Note. DNC = did not collect data from respondents; NA = category is not applicable to respondents; GED = General Educational
Development.

*Forty-five of the 226 participants provided data on multiple children. Forty-four of the 45 respondents reported on two to six children
(mean/median = 2.8/2 children). One respondent reported on 18 children. **See text for descriptions. Respondents rated hearing difficulties
when listening bilaterally (not ear specific). ***Occupational therapists, educational interpreters, counselors, and paraprofessionals.
(Harris et al., 2009). REDCap is a secure, web-based soft-
ware platform designed to support data capture for
research studies. For online data collection, parents
received an electronic link to access consent and assent
forms and survey items, which they completed. Parents
were allowed to assist their child while completing the
forms if needed. In-person data collection was completed
in conjunction with a scheduled audiology clinic visit. A
researcher was present and available to answer questions
and observe the child as they responded to the scale. If
the child requested help and/or the researcher felt the child
required support, the scale questions and answer choices
were read to the child. EFA was used to examine the
latent structure of each scale’s item pool. To identify the
most high-quality items, IRT analyses were used to exam-
ine the characteristics of potential test items. A description
of the analysis methods is provided below.
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EFA. We first investigated the latent structure (i.e.,
the number of dimensions and factor loading patterns) of
the child, parent, and teacher items by conducting a series
of EFAs, one for each item group, using Mplus Version
8.3 (Muthen & Muthen, 1998–2017). Using polychoric
correlations for ordered polytomous responses (specifi-
cally, weighted least square with adjusted means and
variance with Oblimin rotation and Oblique type), a
series of EFAs were conducted, extracting one to three
factors. Fit indices were compared across one- to three-
factor models. Guidelines used to assess the goodness of
model fit included a root-mean-square error of approxima-
tion 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
(TLI; Tucker & Lewis, 1973) > .95 (Hu & Bentler, 1999;
Yu, 2002).
2343–2363 • June 2022



2The DIF detection was made by comparing three nested ordinal
IRT analyses. We evaluated individual item quality,
as well as the quality of sets of items, using IRT analyses.
Item and test quality refers to the ability of the items, or
test, to precisely measure the construct of interest, which is,
in this case, listening-related fatigue. Depending 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 parameters.1

Item parameter estimates were obtained using a (marginal)
maximum-likelihood estimation (MLE) method in Mplus
Version 8.3 (Muthen & Muthen, 1998–2017). For IRT
scoring, expected a posteriori (EAP) scoring for a specific
response pattern was used. “Missingness” in item responses
was considered missing at random and treated as missing
under the MLE.

Three criteria were used to evaluate item quality. (a)
Item thresholds needed to be ordered and well-separated
(e.g., as the level of the latent construct increased, respon-
dents selected higher response options). (b) Item discrimi-
nation needed to be positive and high in magnitude, sug-
gesting that the item was sensitive to variations in
listening-related fatigue. (c) The average item threshold
needed to match their hypothesized severity level (i.e.,
mild, moderate, or severe) based on the construct map.
These item characteristics are important as they will
impact the sensitivity of the final scale.

To assess item quality, we looked at each item’s
information function. These functions describe the
amount of information an item provides across different
levels of the latent construct (denoted by θ, i.e.,
listening-related fatigue in our case). Our goal was to
identify items with high information over a wide range
of fatigue levels. We also conducted differential item
functioning (DIF) analyses on all test items. DIF analy-
ses determine whether a test item measures listening-
related fatigue equivalently across distinct groups (e.g.,
across age and gender groups). This information was
used to exclude DIF items from the final versions of the
scales. DIF analyses were implemented using lordif
1The item discrimination parameter is a measure of the item’s ability
to discriminate between various levels of the construct (e.g., varying
levels of fatigue severity). A larger value indicates more sensitivity to
variations in the latent construct. The item threshold parameters for
each item are used to model response scores. For our data set having
five response scores, four-item threshold parameters are estimated.
Threshold 1 reflects the transition point from a score of 0 (i.e., never)
to scores 1–4 (rarely, sometimes, often, or 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. Threshold 4 reflects the transition point from scores of 0–3 to
a score of 4.
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 crite-
rion, was chosen to detect DIF items. For each item,
DIF was evaluated assuming a uniform effect (the DIF
effect is constant across trait levels) and nonuniform
effect (the DIF effect varies across trait levels) and a
total DIF effect.2 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 sta-
tistic, 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).

Finally, we evaluated test information for various
sets of high-quality items to select items for the final ver-
sions of the VFS-Peds. 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 test information for several sets of
items by examining their test information curves (TICs).
TICs show test information as a function of θ. High test
information and a broad TIC implies that the test has
good measurement fidelity across a wide range of θ’s. Our
goal was to identify sets of items (one set for each version
of the scale) that provided a test information level of at
least 11.11 (test information = 1 / [standard error of an
IRT scale score2]) over a wide range. A standard error of
0.3 was used as an empirical cutoff to calculate the target
test information value of 11.11. This error value corre-
sponds to a reliability coefficient of .95, which has been
deemed acceptable in the development of other clinical
scales (e.g., Cole et al., 2012; Hospers et al., 2016). In
addition, we selected high information items so that we
could obtain this sensitivity with a relatively small number
of test items (e.g., ~10 items/scale) to enhance the clinical
utility of our measures. Using this approach, we identified
a reduced set of high-quality items for inclusion in the
final versions of the VFS-Peds.
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 cumu-
lative 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 compar-
ing the log-likelihood values for Models 1 and 2 (one degree of free-
dom, or df = 1) and nonuniform 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 like-
lihoods was compared to a χ2 distribution with a specified df. Type I
error, alpha = 0.01, was chosen.
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Phase 4 Methods: Field Testing and
Validation of the VFS-Peds

In Phase 4, we replicated EFA and DIF analyses and
examined item and test information of the final versions of
the VFS-Peds in a new sample of participants. We also exam-
ined the test reliability and validity of these final versions.

Participants
In total, 1,299 participants completed Phase 4

including 225 children, 532 parents, and 542 school pro-
fessionals. Participant recruitment methods were the same
as those utilized in Phase 3. Child participants ranged in
age from 6 to 17 years (mean/median = 13.2/14 years; SD/
SIQR = 2.36/2.0 years). Within the Phase 4 sample, a sub-
set of participants completed their respective versions of
the scales at two separate time points to assess test–retest
Table 2. Demographics of Phase 4 respondents who completed the final

Respondent groups Child

Number of children reported on (N = 1,299) N = 225
Child characteristics
Child age (mean/median & range in years) 13.2/14 (6–1
Gender (number & percentage of sample)
Male 120 (53%
Female 105 (47%
Did not disclose 0 (0%)

Group type (number & percentage of sample)
Hearing loss 119 (53%
Unilateral loss 35 (29%)
Bilateral loss 84 (71%)

No hearing loss 106 (47%
Did not disclose 0 (0%)

Description of child’s hearing impairment** n = 119
Slight/mild 23 (19%)
Moderate 34 (29%)
Severe 25 (21%)
Profound 35 (30%)
Did not disclose 2 (1%)

Parent characteristics
Highest level of education
Some high school NA
High school grad/GED NA
Some college/postsecondary NA
Associate’s degree NA
Bachelor’s degree NA
Graduate/professional degree NA
Did not disclose NA

School professional characteristics
Professional type
General educator NA
Deaf educator NA
Special educator NA
Speech-language pathologist NA
Educational audiologist NA
Other*** NA

Note. VFS = Vanderbilt Fatigue Scale; DNC = did not collect data fro
GED = General Educational Development.

*Ten school professional respondents provided data on two students (o
respondents rated the level of hearing difficulty in the better hearing ear. *
more than one profession.
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reliability (N = 256 participants, n = 43 children, n = 139
parents, and n = 74 school professionals). In addition, to
assess construct validity a subset of the Phase 4 respondents
completed (a) a generic fatigue measure (the PedsQL-MFS)
and (b) a measure of depression (the Children’s Depression
Inventory [CDI-2]; Kovacs & Multi-Health Systems Staff,
2011) as part of the validation process of the final versions
of the VFS-Peds. Approximately, 50 CHL and their par-
ents, as well as approximately 50 school professionals, com-
pleted these measures (n = 44–52 respondents for the vari-
ous measures). Additional demographic/descriptive infor-
mation for Phase 4 respondents is shown in Table 2.

Procedures
The EFA and IRT analyses (using Mplus) described in

Phase 3 were repeated using these new Phase 4 data. In addi-
tion to item parameter estimates, and item and test
versions of VFS.

Parent School professional

N = 532 N = 532/542*

7) 10.9/11 (6–17) 10.3/10 (6–17)

) 278 (52%) 282 (52%)
) 253 (48%) 250 (47%)

1 (< 1%) 10 (1%)

) 305 (57%) 368 (68%)
77 (25%) 55 (15%)
228 (75%) 313 (85%)

) 227 (43%) 170 (32%)
0 (0%) 4 (< 1%)
n = 305
59 (19%) DNC
85 (29%) DNC
56 (18%) DNC
100 (33%) DNC
5 (1%) DNC

17 (3%) DNC
38 (7%) DNC
79 (15%) DNC
42 (8%) DNC

149 (28%) DNC
203 (38%) DNC
4 (1%) DNC

NA 143 (26%)
NA 213 (39%)
NA 53 (10%)
NA 63 (12%)
NA 27 (5%)
NA 43 (8%)

m respondents; NA = category is not applicable to respondents;

ne child with and one without hearing loss). **For bilateral losses,
**Therapists, counselors, paraprofessionals, and those who indicated
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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). We also
conducted DIF analyses across gender, age, grade level,
and self-reported hearing loss groups. Test–retest reliability
was assessed in a subset of the original participant pool.
Phase 4 respondents interested in participating in the retest
session provided their e-mail address, and a link to the
retest was e-mailed to them approximately 1–2 weeks after
they completed the initial scale.

Finally, we assessed construct validity in a subset of
Phase 4 respondents by examining associations between their
VFS-Peds scores and scores obtained using the PedsQL-
MFS and the CDI-2. Given that the VFS-Peds and the
PedsQL-MFS both assess the construct of fatigue, as evi-
dence of convergent validity, we expected moderate correla-
tions between these measures. As evidence of discriminant
validity, we expected somewhat weaker correlations with the
CDI-2 given that, while frequently co-occurring, fatigue and
depression are often considered distinct constructs (Johnson,
2005; Michielsen et al., 2003; Wilson et al., 2018). The
PedsQL-MFS consists of child self-report and parent proxy–
report scales. There is no teacher version of the PedsQL-
MFS; hence, no teacher data were analyzed. Each version
assesses three fatigue domains—general, cognitive, and
sleep/rest fatigue. The various versions of the PedsQL-MFS
have been shown to have good internal consistency and con-
struct validity (Varni et al., 2002, 2007). Depression was
assessed by the child using the child self-report screening ver-
sion of the CDI-2, whereas parents and teachers/school pro-
fessionals completed the parent and teacher versions,
respectively. All versions of the CDI-2 provide a total
score. The parent and teacher versions also provide subscale
scores reflecting emotional and functional problems. Raw
scores are converted to T-scores (M = 50, SD = 10) for inter-
pretation. The versions of the CDI-2 have high or acceptable
internal consistency and good short-term test–retest reliabil-
ity (Kovacs & Multi-Health Systems Staff, 2011). When
examining associations, Bonferroni corrections were used to
control for multiple comparisons. The number of compari-
sons varied across scales (see Table 6) such that adjusted sig-
nificance levels ranged from .0167 (for VFS-T associations;
p = .05/3) to .0071 (for VFS-P associations; p = .05/7). The
strength of the correlations was rated as weak (< 0.4), moder-
ate (0.4 to 0.7), or strong (≥ 0.7; Akoglu, 2018).
Results

Phase 1 Results: Latent Construct
Operationalization

Our analysis of focus group transcripts revealed that
the construct of listening-related fatigue in CHL shared
many similarities to that described by adults with hearing
loss. However, important differences were also observed
(see the work of Davis, Schlundt, Bonnet, Camarata,
Hornsby, & Bess, 2021, for discussion). Similar to adults,
the experience of listening-related fatigue in CHL was
complex with multiple expressions in the physical, cogni-
tive, and social–emotional domains. Differing somewhat
from the adult population, the experience of fatigue in the
social and emotional domains was more closely linked in
CHL, resulting in a combined social–emotional domain.
Also, similar to results obtained from adults, the severity
of fatigue across domains varied widely between children.
Some CHL reported no fatigue-related issues or only mild
levels of fatigue in isolated domains, whereas others
reported severe problems across all domains (see the work
of Davis, Schlundt, Bonnet, Camarata, Hornsby, & Bess,
2021, for details). We used this information to create a
construct map that operationalized listening-related fatigue
in CHL based on the feelings and adaptive behaviors
reported by the children, parents, and/or school profes-
sionals (see Supplemental Material S1). It should be noted
that despite the large situational differences between adults
with hearing loss and CHL (e.g., school vs. work settings),
their construct maps overlapped considerably. In the next
phase, guided by the construct map, information from
focus groups was used to develop relevant, potential VFS-
Peds test items.

Phase 2 Results: Item Creation, Initial Item
Review, Reduction, and Assessment

Initial item development and item reduction process.
Transcripts from Phase 1 focus groups and interviews pro-
vided over 2,800 quotes from children, parents, and school
professionals that were used to guide the construction of a
large pool of potential test items. A subset of the study
authors (N = 3) met to review these initial items and to
exclude/revise poorly worded or redundant items. This
process resulted in an initial pool of 586 items (212, 182,
and 192 potential test items for the child, parent, and
teacher scales, respectively). These potential test items
were subjected to further review by the full research team.
Specifically, each team member evaluated all 586 items
and, individually, selected approximately 300 high-quality
items (~95 items for each scale). Team members were
instructed to select items (a) to ensure coverage of all
domains/severity levels as described in the construct map
and (b) based on the item’s readability, clarity, and
uniqueness. During this process, team members also edited
items in order to ensure simple syntax and clarity, particu-
larly for the child scale. The research team then met as a
group to review the individual selections and reach con-
sensus on a further reduced pool of items. This iterative
review process resulted in a reduced item pool containing
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approximately 95 high-quality items (91, 94, and 96 items
for the child, parent, and teacher scales, respectively).
Response options for all test items used a 5-point Likert
frequency scale including options of never, rarely, some-
times, often, and almost always. This pool of potential test
items was then subjected to further evaluation via cogni-
tive interviews and expert panel review.

Assessment via cognitive interviews and expert panel
review. Results from cognitive interviews revealed that
most items were clearly understood and interviewee
responses to items were consistent with the item’s under-
lying intent. However, based on recommendations from
interviewees, several items were modified to improve
clarity. These items were then provided to an expert
panel for further evaluation. Expert panel members rated
the relevance and clarity of all potential test items for
each scale and the comprehensiveness of the item pools
in relation to the construct map. Items were revised as
needed to address concerns regarding clarity or relevance
raised by panel members. In cases where panel members
provided conflicting information, the research team met
and reviewed the concerns to reach consensus on modifi-
cations or to delete the test item. Our goal was to use
the information from cognitive interviews and the expert
panel review to identify a smaller pool of the most rele-
vant and clear items that would be used for data collec-
tion in Phase 3.

Based on comments from expert panel members and
further review by team members, the item pool for each
scale was reduced from approximately 95 items per scale
to 60 items per scale. Each version of the VFS (child, par-
ent, and teacher) contained 20 items in each of three
domains: physical, cognitive, and social–emotional. Items
Table 3. Phase 3 EFA results based on 60-item pools.

Results 1-factor

Child self-report
RMSEA 0.054 [0.051, 0.058]
RMSR 0.066
CFI 0.953
TLI 0.951
Teacher proxy–report
RMSEA 0.091 [0.089, 0.094]
RMSR 0.080
CFI 0.938
TLI 0.936
Parent proxy–report
RMSEA 0.090 [0.088, 0.092]
RMSR 0.078
CFI 0.921
TLI 0.918

Note. Values in brackets show 90% confidence interv
RMSEA = root-mean-square error of approximation in
comparative fit index; TLI = Tucker–Lewis index.
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specific to hearing device users were removed from the
pool of potential test items based on our experiences with
the adult scale. Inclusion of device-specific items creates
scoring issues when the test is used with users and nonusers
of hearing devices (Hornsby et al., 2021). To ensure that
the items selected for the final scales were sensitive to
differences in moderate-to-severe listening-related fatigue,
more items were chosen within each domain to target
moderate (seven items) and severe (eight items) listening-
related fatigue than mild fatigue (five items). This
approach was used for all three versions of the VFS. In
Phase 3, data were collected and analyzed using these
60-item versions of the VFS.

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

Initial EFA. The purpose of these initial analyses
was twofold. First, we wanted to explore the underlying
factor structure of listening-related fatigue for each
respondent group. Our second goal was to evaluate the
quality of individual items and use this information to
guide the selection of a smaller number of high-quality
items for use in a final, clinically feasible, version of the
VFS-Peds.

Results of the initial EFA suggested that the factor
structure varied across respondent groups (see Table 3).
We evaluated goodness of fit for the one-, two- and three-
factor models according to the model–data fit indices
described above. Consistent with a unidimensional model,
almost all test items for the child self-report data loaded
highly onto a single factor and goodness-of-fit indices con-
firmed that a one-factor model fit the child data well. For
Fit index

2-factor 3-factor

0.045 [0.041, 0.049] 0.039 [0.034, 0.043]
0.053 0.046
0.969 0.978
0.967 0.975

0.077 [0.075, 0.080] 0.065 [0.063, 0.068]
0.059 0.042
0.957 0.971
0.954 0.967

0.075 [0.073, 0.077] 0.064 [0.061, 0.066]
0.063 0.049
0.947 0.963
0.943 0.959

al for RMSEA. EFA = exploratory factor analysis;
dex; RMSR = root-mean-square residual; CFI =
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the teacher data, a one-factor model fit the data reason-
ably well, although the fit was not as robust as that seen
in the child data. RMSEA values for the teacher data did
not meet our criterion cutoff of < 0.06 regardless of the
model structure. However, the other indices suggested that
a one-factor model provided a reasonable fit and was
more compelling than a two- or three-factor solution. Spe-
cifically, while not exceeding our a priori goodness of fit
criteria, RMSR, CFI, and TLI indices all reasonably
approximated these cutoffs. In addition, while a two-
factor model provided a slightly better fit to our data (see
Table 3), a review of individual item factor loadings for a
one-factor EFA revealed that all 60 test items loaded signifi-
cantly on the single factor. An analysis of item factor loadings
for the two-factor EFA revealed many items (50 of the 60
items) loaded significantly on both factors; hence, an orthogo-
nal set of items for each factor could not be constructed. Only
four items loaded heavily on the second factor alone and the
wording of three of these items were quite similar (all included
the phrase that the student was “more tired” than their peers
and thus could be viewed as overlapping versions of a single
“unique” item). Given that goodness-of-fit indices suggested
that a one-factor model provided a reasonable fit and the lim-
ited number of test items that loaded uniquely on a second
factor, we felt that a one-factor model provided an acceptable
fit to our teacher data.

In contrast, the EFA of parent data clearly sug-
gested that a multidimensional model provided the most
appropriate fit. The analyses also revealed relatively dis-
tinct items for each factor. Most cognitive, social, and
emotional items loaded onto one omnibus “mental” fac-
tor, whereas the physical items loaded primarily onto a
second “physical” factor, thus providing a clear two-factor
solution. Moreover, with the exception of RMSEA values,
goodness-of-fit indices suggested that a two-factor model
fit the parent proxy data reasonably well with all indices
closely approximating cutoff criteria. Similar to the
teacher data, goodness of fit improved by adding another
factor (i.e., a three-factor model). However, once again, a
review of individual item factor loadings did not reveal a
clear unique three-factor structure to our item pool. For
example, all items that loaded significantly on the third
factor also loaded significantly on at least one other fac-
tor. Only two items loaded more significantly on the third
factor than on either the first or the second factor, essen-
tially limiting the number of items available for assessing
a third factor to two. Together, these findings suggested
that a two-factor model provided an acceptable fit to our
data while also providing enough items loading onto each
factor to develop a reliable parent proxy–report scale.

Initial item assessment and reduction using IRT anal-
yses. Based on the EFA results, a unidimensional GRM
was fit to the child self-report and teacher proxy–report
data sets, whereas a multidimensional GRM was fit to the
parent data. We first conducted IRT analyses to examine
the item parameter estimates of the GRM. The item
parameter estimates are on the logit scale. Evaluating our
60-item pools, across all scales, item discrimination esti-
mates ranged from −0.06 to 5.5 (M = 2.35). We also
examined each item’s threshold separation and threshold
ordering. High-quality items are those with high item dis-
crimination and whose thresholds are in order and well
separated. Most of the items analyzed in this phase had
moderate-to-high discrimination values (i.e., 97% of items
had discrimination values > 1.0) and were well-ordered
with good threshold separation.

Next, DIF analyses were conducted to determine
whether potential test items measured listening-related
fatigue equivalently across distinct subpopulations. For
this analysis, it is important that respondents utilize the
full range of response options available for a given item
(i.e., respondents select ratings ranging from never to
almost always). Thus, test items that did not have at least
five responses in each given category were excluded from
further evaluation. This criterion resulted in the exclusion
of 16 items (six child, 10 parent, and no teacher items)
from further evaluation. We then assessed DIF of the
remaining test items, for each respondent group, as a
function of gender (self-reported male or female) and age.
For the age comparison, we used the median age of the
children reported on in each group as the cutpoint for
comparisons. Briefly, items were flagged as a DIF item
when any of the three likelihood ratio χ2 statistics were
significant (see Phase 3 Methods section). Results revealed
a total of 28 DIF items. There were 14 DIF items for age
alone, 11 DIF items for gender alone, and three items for
both age and gender. Thus, a total of 44 items were
excluded from the original 180 potential test items (60/
respondent group) based on DIF (28 items) and/or inade-
quate use of the range of response option (16 items). This
left a total of 51, 43, and 42 potential test items for the
child, parent, and teacher scales, respectively.

Selection of final test items. Our goal was to create a
sensitive and reliable scale with a relatively small number
of test items to enhance its clinical utility. An iterative
process incorporating IRT analysis methods (i.e., item and
TICs), prior comments from our expert panel review (as
described earlier), and ongoing input from the research
team was used to reduce the item pools and select final
test items. Our goal for test sensitivity was a test informa-
tion level of at least 11.1 over a wide range of severity
levels (θ’s). We evaluated various sets of items and their
resulting TICs to identify item sets for the final scales.

The process described above resulted in (a) a single-
factor, 10-item self-report scale for the child (VFS-C); (b)
a single-factor, eight-item teacher proxy–report scale
(VFS-T); and (c) a two-factor (mental and physical), 12-
item parent proxy–report scale (VFS-P). The Phase 3 EFAs
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Table 4. Pediatric versions of the Vanderbilt Fatigue Scale (VFS-
Peds) test items, including the child self-report (VFS-C), parent
proxy–report (VFS-P), and teacher proxy–report (VFS-T) scales,
respectively.

VFS-C

1. I want to “zone out” in very noisy places.
2. It is hard for me to concentrate when lots of people are talking.
3. My brain gets tired after listening all day.
4. I get worn out from listening at school.
5. Trying to listen at school stresses me out.
6. I use a lot of energy trying to listen in class.
7. I want to go to sleep after a long day of listening.
8. I give up trying to listen when I get tired.
9. I get so tired from listening that I don’t want to do anything else.
10. I feel worn out when I have to listen carefully.

VFS-P

Mental fatigue
1. My child gets frustrated when it is difficult to hear.
2. My child prefers to be alone after listening for a long time.
3. My child shuts down after listening for a long time.
4. Listening takes a lot of effort for my child.
5. My child gets tired of listening by the end of the day.
6. My child shuts down if he/she becomes frustrated from

listening.
7. My child “gives up” in difficult listening situations.
Physical fatigue
8. My child needs time to relax after school.
9. My child is so tired that he/she lays down to rest.
10. My child seems drained at the end of the school day.
11. My child is more tired during the week than on weekends.
12. My child needs to relax after a tiring day of listening.

VFS-T

1. The student will “check out” after long periods of listening.
2. The student seems less motivated to do work after listening for

a long time.
3. The student stops participating when struggling to hear.
4. The student seems to get worn out from listening all day at

school.
5. The student has trouble concentrating when it is difficult to hear.
6. The student seems to give up more easily when having

trouble listening.
7. The student appears irritated when it is hard to hear and

understand.
8. The student needs listening breaks in order to stay on task.
on the child and teacher test items suggested a unidimen-
sional structure for these scales. Therefore, test items for the
VFS-C and VFS-T were chosen based on their item proper-
ties and feedback from cognitive interviews and expert panel
reviews. No attempt was made to include items based on
their assumed fatigue domains (i.e., physical, cognitive, or
social–emotional). In contrast, EFA results for the parent
items suggested a two-factor structure. Thus, for the VFS-P,
in addition to using IRT and qualitative results to select
items, we also selected items that were highly loaded onto
one of the two factors. As a result, the final version of the
VFS-P contained seven items that loaded highly on a
“mental” factor (VFS-PMental; items assessing cognitive
and social–emotional aspects of listening-related fatigue) and
five items that loaded on a “physical” factor (VFS-PPhysical;
items assessing sleep/rest issues and/or general tiredness). In
Phase 4, the sensitivity and validity of these final scales were
evaluated using data collected from 1,299 parent, child, and
teacher respondents.

Phase 4 Results: Analysis and Validation of
the Final Versions of the Pediatric VFS-Peds

The final versions of the scales comprising the VFS-
Peds are provided in Supplemental Materials S2–S4. The
test items for each scale are shown in Table 4. The mean
Flesch–Kincaid grade reading levels and range of individ-
ual items (shown in parentheses) for VFS-Peds were 3.6
(1.2–5), 3.9 (0.5–8.1), and 6.9 (4–8.1) for the child, parent,
and teacher scales, respectively. All scales use 5-point,
Likert frequency response options that range from never
to almost always. Scoring can be completed by simply
summing the numerical values (0–4) for the five Likert
ratings. This scoring process results in a single “total”
listening-related fatigue score for the unidimensional
VFS-C and VFS-T and two subscale scores for the VFS-P
(i.e., VFS-PMental and VFS-PPhysical).

In addition, all scales also allow for IRT scoring,
which takes the sensitivity (i.e., item discrimination) of
items into account when calculating a scale score. This
method provides a more precise estimate of an individual’s
listening-related fatigue (see Hambleton & Swaminathan,
2013, for review). When using IRT scoring, the resultant
VFS scores are a type of scale score, similar to z scores,
but on a logit scale. A VFS IRT scale score of 0 reflects a
score that is equal to the mean IRT score of the sample.
An individual VFS IRT scale score that is highly negative
or positive (e.g., −3 or +3) would suggest that the individ-
ual had very low or very high listening-related fatigue,
respectively.

An analysis of missing item responses suggests that
the scales were easy for participants to use and complete.
When looking at individual items across all scales, < 1%
of items had missing responses (range of 0%–0.94%). In
2354 Journal of Speech, Language, and Hearing Research • Vol. 65 •
addition, across individuals, the vast majority of partici-
pants provided a response to all test items (98.2%, 95.5%,
and 98.2% for the child, parent, and teacher scales, respec-
tively). The maximum number of items missed by any
individual was three, and this occurred only once (a
teacher respondent). In the rare cases where respondents
did not complete an item, in most cases (95.9%–98.7%),
only one item was missed.

Reassessment of Factor Structure and Item
and Test Characteristics

EFA. Using data from Phase 4 respondents, we
repeated our EFA analyses. EFA model fit indices (except
for RMSEA estimates) on this new data set, obtained
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using the final versions of the VFS-Peds, continued to sug-
gest a one-factor model fit for the teacher proxy–report
and child self-report data and a two-factor solution for
the parent proxy–report data. Model fits based on
RMSEA estimates were suboptimal across all scales (see
Table 5). In contrast, all other indices and patterns in item
factor loadings suggested that our data were modeled well
using a one-factor (child & teacher) or a two-factor (par-
ent) solution. Consistent with the initial EFA, VFS-P
items assessing cognitive, social, and emotional aspects of
listening-related fatigue (n = 7) loaded highly onto one
“mental” factor (VFS-PMental), whereas items assessing
“physical” aspects of listening-related fatigue (n = 5)
loaded more highly onto a separate factor (VFS-PPhysical).

IRT analyses. Based on these EFA results, we again
used a unidimensional GRM to fit the child self-report and
teacher proxy–report data and a multidimensional GRM to
fit the parent proxy–report data. Results revealed that item
discrimination estimates remained high, with mean values
of 1.95, 2.91, and 2.94 for the child, teacher, and parent
scales, respectively. The range of item discrimination scores,
across scales, varied from 1.14 to 4.03. Thresholds for all
items were well ordered and adequately separated. Figure 2
shows examples of category characteristic curves for three
representative items, one from each version of the VFS-Peds.

Item parameter (discrimination and threshold) esti-
mates of the GRM (and item responses) can be used to cal-
culate individual IRT scale scores based on all items (for
the VFS-C and VFS-T) and IRT subscale scores (for the
VFS-PMental and VFS-PPhysical). The item parameter esti-
mates for the child, parent, and teacher scales are provided
in Supplemental Material S5. Based on the results of gener-
alized χ2 tests, all items were fit well by the GRM. We also
Table 5. Phase 4 EFA results based on final versions o

Results 1-factor

Child self-report
RMSEA 0.114 [0.094, 0.134]
RMSR 0.064
CFI 0.964
TLI 0.954
Teacher proxy–report
RMSEA 0.139 [0.122, 0.157]
RMSR 0.041
CFI 0.983
TLI 0.976
Parent proxy–report
RMSEA 0.184 [0.174, 0.194]
RMSR 0.105
CFI 0.939
TLI 0.926

Note. EFA = exploratory factor analysis; VFS = Vand
error of approximation index; RMSR = root-mean-squ
Tucker–Lewis index.
examined test information using data from Phase 4 respon-
dents. Figure 3 shows TICs for each of the final VFS-Peds
scales. These TICs show that the VFS-Peds have good
fidelity (test information ≥ 11.11) over a wide range of
severities of listening-related fatigue (i.e., IRT scale scores).
Averaged across all scales, we see good fidelity for θ’s rang-
ing from −1.6 to 1.5. This range, however, varies somewhat
across scales. For example, the TIC for the physical factor
of the parent scale (VFS-PPhysical) shows good fidelity for
people with θ’s ranging between approximately −1.6 and
1.1, the narrowest range of any of the VFS-Peds. In con-
trast, the VFS-T provides good fidelity over a wider range
of θ’s (−2.2 to 1.7). For context, over 90% the IRT scale
scores of Phase 4 participants using the child (VFS-C;
93.8%), teacher (VFS-T; 90.2%), and “mental” components
of the parent scales (VFS-PMental; 94.7%) were below the
upper θ boundaries (i.e., where test information fell below
11.1). For the VFS-P physical subscale (VFS-PPhysical), a
smaller proportion of respondents (68.4%) fell below the
upper fit boundary.

Finally, we replicated our DIF analyses, as
described in Phase 3, examining gender, age, grade level,
and self-reported hearing loss. When examining DIF
across ages, the median age of the children from this sam-
ple was used as a cutpoint (median age = 11, 14, and
10 years for the parent, child, and teacher groups, respec-
tively). When examining DIF across grade levels, we
chose cutpoints based on (a) “natural” grade breaks and
(b) an attempt to have similar numbers of respondents in
each group. This resulted in different cutpoints for our
parent and teacher analyses and the child analyses. A cut-
point of 4th grade (kindergarten through 4th grade vs. 5th
grade through high school) was used for the parent and
f the VFS.

Fix index

2-factor 3-factor

0.110 [0.087, 0.134] 0.110 [0.083, 0.139]
0.049 0.035
0.975 0.983
0.957 0.956

0.064 [0.041, 0.088] 0.044 [0.000, 0.079]
0.016 0.999
0.998 0.998
0.995 0.010

0.098 [0.087, 0.109] 0.077 [0.064, 0.091]
0.032 0.021
0.986 0.993
0.979 0.987

erbilt Fatigue Scale; RMSEA = root-mean-square
are residual; CFI = comparative fit index; TLI =
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Figure 2. Exemplar category characteristic curves for representative items from the VFS-Peds. Curves labeled 0, 1, 2, 3, and 4 represent
the probability a participant (i.e., a child, parent, or teacher) responds using the option never, rarely, sometimes, often, or almost always,
respectively, given the child’s underlying magnitude of listening-related fatigue as indicated by the IRT scale score. IRT = item response theory;
VFS-C = VFS child self-report scale; VFS-P = VFS parent proxy–report scale; VFS-Peds = pediatric versions of the Vanderbilt Fatigue Scale;
VFS-T = VFS teacher proxy–report scale.
teacher data, whereas a cutpoint 8th grade (kindergarten
through 8th grade vs. 9th grade through high school) was
used for analysis of child data. When examining DIF
based on self-reported hearing loss, participants were
grouped based on the parents’ or teachers’ response to the
yes-or-no question, “Does your child [or, for teachers,
“your student”] have a hearing loss?”
2356 Journal of Speech, Language, and Hearing Research • Vol. 65 •
Items were flagged as DIF items when any of the
three (uniform, nonuniform, or total) likelihood ratio χ2

statistics were significant. Across all scales and based on
one of the three likelihood ratio χ2 statistics, there were
two DIF items for gender, four DIF items for age, five
DIF items for grade level, and six DIF items for hearing
loss. However, the DIF effect sizes (McFadden’s pseudo
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Figure 3. Test information curves for the VFS-Peds, including the
VFS-P (mental and physical domains), the VFS-C, and the VFS-T.
Dashed horizontal line represents the minimum acceptable test
information level (i.e., test information = 11.1). IRT = item response
theory; VFS-C = VFS child self-report scale; VFS-P = VFS parent
proxy–report scale; VFS-Peds = pediatric versions of the Vanderbilt
Fatigue Scale; VFS-T = VFS teacher proxy–report scale.
R2 measure) for all these items were negligible (average
and maximum effect sizes of 0.015 and 0.038, respec-
tively). These results suggest that VFS-Peds scores can be
interpreted the same way in younger and older children,
children in elementary school and high school, in males
and females, and in children with and without hearing
loss. These findings, in conjunction with our rigorous item
development and evaluation process, provide good evi-
dence of VFS-Peds test validity.

Construct validity. We further assessed validity by
examining correlations between VFS-Peds IRT scale
scores, the PedsQL-MFS, and the CDI-2. Associations
between each version of the VFS-Peds and the various
PedsQL-MFS and CDI scores were examined separately.
There is no PedsQL-MFS scale for teachers; therefore, no
comparisons with teacher data were made. Likewise, for the
CDI child self-report scale, the only association examined
was between VFS-C and a total CDI-2 score as the instru-
ment does not provide subscale scores. In addition, CDI-2
T-scores for five teachers were categorized as “≤ 40” as their
Table 6. Spearman’s rank correlations (rs) between VFS scale scores (IRT

Group

PedsQL-MFS

Total General Cognitive

*VFS-PMental −.73 (< .001) −.59 (< .001) −.72 (< .001)
*VFS-PPhysical −.63 (< .001) −.51 (< .001) −.45 (.001)
**VFS-C −.39 (.005) −.41 (.003) −.38 (.006)
***VFS-T NA NA NA

Note. p values (two-tailed) are shown in parentheses. Bolded values are
comparisons. The number of asterisks (*) corresponds to the corrected p
Scale; IRT = item response theory; PedsQL-MFS = Pediatric Quality of
Depression Inventory; VFS-P = VFS parent proxy–report scale; VFS-C
respondents; VFS-T = VFS teacher proxy–report scale.
raw scores were 0. For these participants, a T-score of 40
was used in the correlation analyses. We replicated the anal-
yses excluding these five participants, and the pattern of sig-
nificant results did not change. Results of these analyses are
shown in Table 6.

We anticipated moderate, negative correlations between
VFS-Peds and PedsQL-MFS scores given that both are
measures of the broad construct of fatigue. Consistent
with this expectation, almost all correlations between
VFS-P (mental and physical factors) and PedsQL-MFS
scores were moderate, or stronger, in magnitude. The only
exception was a weak, but still significant, negative correla-
tion between VFS-PMental and PedsQL sleep/rest scores. Cor-
relations between the VFS-C and PedsQL-MFS child scores
were weak to moderate, although they were also statistically
significant in most cases (the exception being the correlation
with sleep/rest scores). In contrast, we anticipated somewhat
weaker positive correlations between VFS and CDI-2 scores,
given our underlying assumption that the VFS-Peds mea-
sures a different construct than depression. While this was
observed in some cases, in others, it was not. For example,
all correlations between VFS-PPhysical and CDI-2 scores were
weak in magnitude, and only the correlation with CDI-2,
which is emotional scores, remained significant following
Bonferroni adjustments. A similar weak, but statistically
significant, association was observed between VFS-T and
CDI-2: functional scores. However, correlations between
VFS-PMental and all CDI-2 scores were statistically signifi-
cant and moderate in magnitude. Likewise, associations
between VFS-T and CDI-2 total and emotional scores and
the VFS-C and CDI-2 total score were significant, and
they were moderate in magnitude. These findings were
inconsistent with our initial hypotheses and are discussed
later.

Test Reliability

Results of analyses of test–retest reliability are shown
in Table 7. The median length of time between test and
retest measures was 5 days for the child and parent
scale scores) and PedsQL-MFS and CDI-2 scores.

CDI-2

Sleep/rest Total Emotional Functional

−.38 (.006) .63 (< .001) .56 (< .001) .60 (< .001)
−.55 (< .001) .35 (.013) .40 (.004) .25 (.079)
−.16 (.251) .42 (.002) NA NA

NA .51 (< .001) .54 (< .001) .36 (.012)

significant after using a Bonferroni correction to adjust for multiple
values: *p < .0071; **p < .01; ***p < .0167. VFS = Vanderbilt Fatigue
Life Inventory Multidimensional Fatigue Scale; CDI-2 = Children’s
= VFS child self-report scale; NA = category is not applicable to
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Table 7. Mean VFS summed scores and SEs at Time 1 and Time 2 for the Phase 4 respondents who completed the retest measure.

Summed Scores N Time 1 Time 2 Wilcoxon Z Spearman’s Rho ICC

VFS-PMental 139 12.4 (0.65) 12.6 (0.60) −1.06 (.291) .90 (< 0.001) .90 [.87, .93]
VFS-PPhysical 139 11.5 (0.42) 10.7 (0.41) −2.56 (.011) .84 (< 0.001) .84 [.78, .88]
VFS-C 43 17.1 (1.47) 16.3 (1.60) −.985 (.325) .79 (< 0.001) .84 [.72, .91]
VFS-T 73 19.0 (0.76) 18.9 (0.68) −.458 (.647) .69 (< 0.001) .72 [.58, .81]

Note. Wilcoxon Z and the resultant p values in parentheses are shown in the fifth column. Spearman’s correlation (rs) and ICC values for
comparisons of scores at T1 and T2 are shown in the sixth and final columns, respectively. ICC 95% confidence intervals are shown in
brackets. Bolded values are significant. VFS = Vanderbilt Fatigue Scale; SEs = standard errors; N = number of participants in the sample;
ICC = intraclass correlation coefficient; VFS-P = VFS parent proxy–report scale; VFS-C = VFS child self-report scale; VFS-T = VFS teacher
proxy–report scale.
respondents (range: 5–32 days) and 13 days for teacher
respondents (range: 6–36 days). A series of Wilcoxon signed-
ranks tests were used to examine differences in mean total
(child and teacher data) and subscale (parent data) scores
obtained at baseline (T1) and approximately 1–2 weeks
later (T2). Mean T1–T2 differences in summed scores were
all quite small (i.e., < 1 point), and in general, the differ-
ences were not statistically significant. The one exception
was the VFS-PPhysical T1 and T2 data, which showed a
small (0.8 point) but statistically significant decrease in
fatigue at T2. The effect size for this difference, however,
was small (r = −.15). In addition, we assessed temporal
stability by examining correlations between individual T1
and T2 scores across scales. Spearman’s correlation coeffi-
cients (rs) were all positive, statistically significant, and
strong in magnitude—ranging from .69 to .90. Together,
these results suggest that the VFS-Peds have good, short-
term, test–retest reliability (see Table 7).
Discussion

Many CHL are at increased risk for listening-related
fatigue and its negative effects (e.g., Bess & Hornsby,
2014; Bess et al., 2020). Thus, there is a need for a sensi-
tive, child-centered tool designed to identify and monitor
those CHL who are experiencing this type of fatigue. In
this article, we describe the development process for the
VFS-Peds and report on their psychometric properties.
Measuring a subjective experience like fatigue is inherently
challenging, particularly in children; hence, multiple phases
were employed to enhance the relevance and quality of our
scales. This systematic development process, grounded in
IRT, included generation and validation of relevant items
based on input from target respondents (i.e., children, par-
ents, and professionals); expert review; advanced statistical
methods (IRT and DIF analyses) to assess item and test
quality; and a systematic evaluation of the reliability and
validity of the scales. This process yielded a set of short,
psychometrically rigorous, reliable, and valid scales for
assessing listening-related fatigue in children.
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The VFS-Peds also appear to be user-friendly and
clinically practical. Although additional validation is
needed, it has been our experience that children 11 years
of age and older are able to complete the self-report scale
quickly (e.g., typically within 5 min) and easily with mini-
mal adult guidance. However, children younger than this,
or those with additional disabilities, may benefit from hav-
ing an adult read the scale aloud and query them on their
responses. Our informal experiences with adult proxies
(parents and professionals) also revealed they were able to
complete the scales quickly and independently. The rela-
tive lack of missing data (< 1% of item responses across
all scales) supports the clarity of the scale items and their
ease of use.

Related to clinical utility, the VFS-Peds can be
scored using IRT methods or by summing item responses.
To evaluate the sensitivity and precision of the VFS-Peds,
we used IRT scale scores, derived using the EAP scoring
method to analyze item response patterns, rather than
using summed scores. We did this because IRT pattern
scoring is more sensitive to differences among participants
in the underlying latent construct (i.e., listening-related
fatigue). However, IRT analysis of response patterns
requires the use of a computer program and may not be
feasible in all clinical settings. In these cases, calculating
VFS-Peds summed scores provides a simple alternative for
clinical use. For those wishing to compare summed scores
to IRT scale scores, we also employed EAP on the
summed score data (Lord & Wingersky, 1984) and pro-
vide conversion tables that relate summed scores to IRT
scale scores (see Supplemental Material S6). Note that the
EAP for a given summed score is calculated as an average
IRT scale score over all possible response patterns. In
addition, for those interested, we provide R code that can
be used to calculate IRT scale scores based on VFS-Peds
response data. The item discrimination and threshold esti-
mates (see Supplemental Material S5) used in this code
are provided as known parameters. The R code is freely
available online (https://osf.io/vpjf5/).

From a theoretical perspective, one finding of inter-
est from this study relates to the factor structure of
2343–2363 • June 2022
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listening-related fatigue. It is clear that feelings of fatigue
can be elicited in a variety of different ways (e.g., a
sprinter struggling to sustain their optimal pace vs. a stu-
dent taking an extended exam). However, the extent to
which these distinct causes of fatigue give rise to substan-
tively different subjective experiences of fatigue remains
unclear. In other words, the dimensionality of fatigue
remains an empirical question and an active matter of
debate (Lai et al., 2006; Michielsen et al., 2004; Smets
et al., 1995). Adding to this debate, our findings suggest
that the factor structure of listening-related fatigue may
vary across respondent groups. Our initial literature review
and qualitative findings from focus groups and inter-
views suggested that listening-related fatigue in CHL was
multidimensional in nature, including physical, cognitive, and
social–emotional characteristics (Davis, Schlundt, Bonnet,
Camarata, Hornsby, & Bess, 2021). This finding prompted
us to create test items for each scale that specifically tar-
geted these various domains during the development
phase. Despite this approach, results from our initial
EFAs (with 60 items) suggested that the diverse expres-
sions of listening-related fatigue, as self-reported by CHL,
were well represented by a unidimensional construct. While
results of initial EFAs based on responses from teachers and
school professionals were not as clearcut as the child data,
they also yielded a unique set of items consistent with a sin-
gle underlying unidimensional construct. In contrast, EFA
analyses of data from parent proxy respondents suggested
that the listening-related fatigue experienced by children was
multidimensional and reasonably described by a two-factor
model including a “mental” factor (based on social, emo-
tional, and cognitive items) and a physical factor with unique
item sets for each factor.

The reason for the differing conclusions (unidimen-
sional vs. multidimensional listening-related fatigue) based
on respondent type is unclear and requires further study.
One plausible explanation is that listening-related fatigue
is truly multidimensional; however, parents are better able
to observe, and thus report on, the physical sequelae of
listening-related fatigue in their children (e.g., falling asleep
right after school) relative to teachers and school profes-
sionals. This could explain why our parent proxy–report
data suggested a distinct physical component to listening-
related fatigue, whereas our teacher proxy–report data did
not. The unidimensional nature of listening-related fatigue
revealed in our child self-report data may reflect develop-
mental limitations of children compared to adults. For
example, Davis, Schlundt, Bonnet, Camarata, Hornsby,
and Bess (2021) found that some CHL had difficulty defin-
ing their fatigue experiences and connecting it to their life
experiences. When initially queried about their experiences
with listening-related fatigue, some children suggested it
was not a problem for them. However, with follow-up
questioning, it was not uncommon for children to report
exhibiting various fatigue-related behaviors (e.g., regular
need for naps after school). Likewise, for some children
who did not report fatigue-related issues, their parents
would readily identify behaviors suggestive of such fatigue.

Another finding of interest was the stronger than
expected association between listening-related fatigue (VFS-
Peds scores) and depression (CDI-2 scores). Our initial
hypothesis was that we would see the strongest associations
between the VFS-Peds and the PedsQL-MFS, given both
are measures of fatigue. We expected that associations with
depression would be somewhat weaker, given that depression
and fatigue are considered by some as distinct constructs.
Prior work in adults supports this hypothesis. For example,
De Vries et al. (2004) assessed fatigue and depression in a
large sample of adults suffering from sarcoidosis. Fatigue
was assessed using the FAS (Michielsen et al., 2003), and
depression was measured using the Beck Depression Inven-
tory (Beck et al., 1961). Results of a principal components
analysis strongly suggested that fatigue and depression
were separate factors. Michielsen et al. (2003) reported a
similar finding. In contrast to these expectations, our
results in children revealed a stronger than expected asso-
ciation between listening-related fatigue and depression
and one that varied somewhat based on respondent type
(parents vs. children and parent proxy–report subscales;
see Table 6). For example, VFS-PMental scores yielded
moderate-to-strong and significant associations with both
PedsQL-MFS and CDI-2 total scores. Although the corre-
lations were weaker, we saw a similar pattern for the child
self-report data. Only the VFS-PPhysical data showed the
hypothesized weaker correlation with CDI-2 data.

Despite our initial predictions, many well-established
unique constructs can show moderate correlations. For
example, the cognitive construct of fluid reasoning, which
is defined as a thinking ability, shows correlations of .30
to .45 with comprehension knowledge, which is defined as
a measure of stored knowledge that is not measured using
active problem-solving items (Schrank, 2011). Yet, it is
well-established that fluid reasoning and comprehension
knowledge are different broad abilities (McGrew, 2005).
Likewise, in the fatigue literature, some research suggests
that fatigue and depression are related but different con-
structs. This is consistent with the finding that some
sequelae of fatigue (e.g., social isolation) are also seen in
depression (Jacobsen et al., 2003). Supporting this hypoth-
esis, Wilson et al. (2018) used confirmatory factor analyses
to examine associations between fatigue and depression in
postpartum women. Their results suggested that fatigue
and depression were separate but related constructs that
were moderately correlated (r = .41). It is also possible
that the age of our participants may have played a role in
our findings. For example, studies examining associations
between fatigue and depression in children and adolescents
who were undergoing treatment for cancer have observed
Hornsby et al.: Pediatric Vanderbilt Fatigue Scale 2359



significant associations between the constructs (Hinds et al.,
2007; Hockenberry et al., 2003). Additional work in this area
is required to better understand associations between listening-
related fatigue and depression in children and adults.
Limitations and Future Directions

Our psychometric analyses indicate that the VFS-
Peds are psychometrically reliable, valid, and clinically
practical instruments that can be used to reliably measure
listening-related fatigue over a wide range of severities.
Despite the strong psychometric findings, the study has
limitations worth noting. For example, cognitive inter-
views and our direct experiences with children suggest that
all scale items are clear and understandable for our target
respondents. However, we did not directly assess the read-
ing or vision abilities of our respondents. Additional work
examining the impact of literacy level and additional dis-
abilities on the usability of the scales is needed to ensure
that the scales are accessible to a wide audience. This
additional work may be especially important when asses-
sing young children using a self-report format. While chil-
dren as young as 6 years of age provided responses via
self-report, the vast majority (~92%) of our final (Phase 4)
sample were ≥ 11 years old. Thus, additional work is
needed to confirm the usability of the scale for this youn-
ger population. Additional tools, such as pictorial descrip-
tors, may prove useful for very young children (e.g., 5–
7 years old). The age distribution of the children reported
on by our parents and teachers was much more uniform.
Children as young as 6 were again included; however,
~53% and ~ 45% of children reported on by the parent
and teacher groups, respectively, were ≤ 11 years old.

In addition, the clinical and practical applications of
the scales require further development and study. For exam-
ple, additional research is needed to better understand the
“real-life” impact of listening-related fatigue on classroom
behavior, learning, and quality of life. There are strong theo-
retical reasons to suggest that high levels of listening-related
fatigue will have negative functional effects (e.g., see
Camarata et al., 2018; Davis, Schlundt, Bonnet, Camarata,
Hornsby, & Bess, 2021), but this must be tested empirically to
determine appropriate cutpoint scores for targeted interven-
tions. In addition, if elevated listening-related fatigue does
impair children’s listening and learning, future study will be
required to develop and test effective interventions and/or
compensatory strategies to address these impairments.
Conclusions

In summary, many CHL experience listening-related
fatigue and its potential consequences prompting the need
2360 Journal of Speech, Language, and Hearing Research • Vol. 65 •
for a psychometrically sensitive and valid tool to identify
the presence and severity of this type of fatigue. This
article describes the development and validation of a
suite of such scales: the VFS-Peds. The VFS-Peds pro-
vide a sensitive, reliable, and valid measure of listening-
related fatigue in children that may be appropriate for
clinical use. To provide content validity, we drew upon
the complex experiences of a large sample of CHL and
their parents, and teachers/school professionals. We
employed advanced and robust statistical techniques
(i.e., IRT and DIF analyses) to create scales with opti-
mal precision. We hope that the VFS-Peds will be useful
in future work to better understand the dimensionality
and pervasiveness of listening-related fatigue in diverse
pediatric populations (e.g., hearing loss and other dis-
abilities and second language learners). Finally, we
believe that these scales will provide important clinical
value by capturing some of the broader implications of
hearing loss not readily discernible using current diag-
nostic tests and serve as an additional marker of inter-
vention success. Copies of the completed scales, which
include instructions and scoring information, are avail-
able as supplemental files to this article (Supplemental
Materials S2, S3, and S4). In addition, current and
updated information related to the VFS-Peds (e.g.,
translated versions) and downloadable versions of the
scales are also available at the following website: https://
www.vumc.org/vfs/.
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