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Summary: Vocal fatigue is a frequent symptom and a debilitating condition affecting individuals with voice disor-
ders. In spite of the various attempts to define and quantify vocal fatigue, this complex trait has not been well understood.
Mokken scaling was performed on the Vocal Fatigue Index (VFI) to develop a hierarchical understanding of the latent
trait of vocal fatigue. Two hundred nine patients with voice disorders completed the VFI and provided the item re-
sponses necessary to complete the Mokken scaling. Results revealed a moderately strong Mokken scale and that the
VFI presents a hierarchical structure to the underlying trait of vocal fatigue. Mokken scaling contributes to the ongoing
investigation to the underlying construct of vocal fatigue and may provide additional information about specific com-
plaints within the population of those with voice disorders.
Key Words: Vocal fatigue–Vocal effort–Vocal fatigue index–Mokken scaling–Physical discomfort.

INTRODUCTION

The larynx is a unique system of the speaking mechanism that
is highly susceptible to the phenomenon of fatigue, which is
usually referred to as vocal fatigue.1 Vocal fatigue is a common
symptom experienced by professional voice users (ie, teach-
ers, singers, telemarketers) who may or may not present with a
voice disorder as a normal consequence of their increased vocal
demands or vocal load.2 Vocal fatigue in professional voice users
varies anywhere between 18% and 33% irrespective of whether
they seek treatment or not for this condition. However, vocal
fatigue has gained clinical importance and is a frequent symptom
and a debilitating condition affecting individuals with voice
disorders.3–5 Although vocal fatigue has been implicitly under-
stood and defined in the literature, there is a lack of a consistent
definition, making it increasingly difficult to understand the
mechanisms and treatment options pertaining to it.6,7 Vocal fatigue
has been defined in a multitude of ways, thereby resulting in
various methods to quantify its presence or absence. Such methods
have included using patient self-reports of symptoms,8 visual
analog scales,9 direct magnitude estimation,10 voice adapta-
tions as a negative consequence of prolonged voice use,11 decrease
in phonatory capacity and increased phonatory effort,5 and pos-
sible improvement with rest.6,12 In spite of the various attempts
to define and quantify vocal fatigue, this complex trait has not
been well understood. Some of the reasons for this difficulty
include (a) different terminologies used to define vocal fatigue6,7;
(b) different tasks to elicit vocal fatigue6; (c) varied outcome mea-
sures that may not be sensitive enough to capture the phenomenon
of vocal fatigue6; and (d) different types of vocal fatigue in-
cluding laryngeal muscular fatigue1 (ie, peripheral fatigue),
laryngeal tissue fatigue (ie, peripheral fatigue),1 and perceived

exertion of vocal effort6,13,14 (ie, central fatigue) that may not be
easily measured and quantifiable. A thorough examination of the
terminologies, methods, or types of fatigue is beyond the scope
of this paper, and for the purposes of this paper, we will use the
term vocal fatigue to include self-reported symptoms of exer-
tion pertaining to voice use.

Vocal Fatigue Index (VFI)

With the main assumption that vocal fatigue is a set of clini-
cally self-perceived symptoms, the VFI was developed to reliably
and consistently identify individuals presenting with this
condition12 in order to better serve the voice-disordered popu-
lation who experience this debilitating condition. Further, a unified
index to identify individuals with vocal fatigue will assist in
the appropriate identification of assessment and treatment
protocols. The current version of the VFI has 19 questions that
predictably revealed that vocal fatigue is not a single con-
struct. In its current form, the VFI is a global, retrospective, self-
report of fatigue over a large segment of time (in the past few
weeks). Factor analysis produced three factors underlying the
trait of vocal fatigue, including factor 1, tiredness and avoid-
ance of voice use (Tiredness and Avoidance); factor 2, physical
discomfort related to voice use (Physical Discomfort); and factor
3, improvement of symptoms (or lack thereof) with rest (Symptom
Improvement). The index revealed high sensitivity and speci-
ficity. Specifically, during scale validation, factors 1 and 3 were
predictors of the presence or absence of vocal fatigue in a pop-
ulation of individuals presenting with dysphonia. However, factor
2 was not a predictor of vocal fatigue in the voice-disordered
population but rather an indicator with professional users. Recent
reports15,16 have identified higher scores for factor 2 symptoms,
Physical Discomfort, in teachers. It is intriguing that although
logistic regression in the original version of the VFI did not in-
dicate the importance of factor 2 in predicting vocal fatigue in
the voice-disordered population, it seemed to be a significant factor
in individuals with high vocal load, that is, teachers.

The fact that the VFI measures underlying constructs of patient-
perceived fatigue differently depending on if one has a voice
disorder or one uses his or her voice extensively suggests a more
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complex underlying structure to the construct of vocal fatigue.
In order to better understand the relationship between the three
factors of the VFI and its individual items within the underly-
ing trait of vocal fatigue, the Mokken Scale Analysis was utilized
on an existing population with dysphonia.

Mokken scaling

Mokken scaling, a modification of Guttman scaling,17 assumes
that items in the scale reflect the underlying trait assessed and
that each item can be placed in a hierarchy, indicating that some
items reflect greater aspects of the trait than other items. This
hierarchy is often referred to as “difficulty.” The hierarchy of
items provides insight to how an individual presents on the un-
derlying trait of a scale. For example, an individual who presents
with strong trait attributes will positively answer a difficult item,
keyed “yes,” in addition to also answering “yes” on items that
reflect less of the underlying trait. Conversely, an individual who
presents with less trait attributes will only respond to answers
with low “difficulty” or those that are lower on the hierarchy.

Guttman scaling has a stricter assumption of how each item
in a scale is perfectly aligned with an underlying trait.18 The pres-
ence of the trait unquestionably predicts a “yes” key, and the
absence of the factor predicts a “no” key. In contrast, Mokken
scaling is more probabilistic in nature, and definite assump-
tions are replaced with probabilities, making it appropriate for
investigations into uncharted territory, where scale develop-
ment is used to investigate an underlying trait, such as the
construct of vocal fatigue.19 This probabilistic approach is common
in Item Response Theory and is observed in Rasch modeling
as well. However, Rasch modeling measures dichotomous items,
either keyed “yes” or “no.” Mokken scaling allows for items to
have more than one ordered category and therefore is more ap-
propriate for items that have more than two response choices,
as seen in the VFI.18

In addition, Rasch models can often have criteria that are too
rigid and cause items to be rejected in a scale when, in fact, the
item captures a more complex relationship with the latent vari-
able being tested.17 For example, the item might be answered
with a different set of probabilities if the underlying trait is weak
(eg, in a normal, healthy population), moderate (eg, those with
heavy vocal load), or strong (eg, in a disordered population) and
allows for a greater understanding of the underlying trait and
how it varies at different levels. This makes Mokken scaling ap-
propriate given the observation that the factors of the VFI differ
between those with voice disorders and those with high vocal
load.

Other scale analysis methods such as reliability analysis (eg,
Cronbach’s alpha) or principal component analysis might also
cause the researcher to remove items to either improve relia-
bility or organize the data as two separate factors, ignoring the
perspective of hierarchy or “difficulty.”19 If trimming or reor-
ganizing items occurs with these other approaches, valuable
information on severity is lost, forcing the scale to have a binary
quality: the patient either has the problem or does not have the
problem. In essence, the scale will lose its scaling ability, the
ability to place individuals on a continuum of severity. For a more
thorough explanation of Mokken scaling, see van Schuur.18

The current version of the VFI initially employed principal
axis factoring with oblimin rotation to provide information on
reliability and validity to measure the presence or absence of
the underlying trait of vocal fatigue. Moving forward, this in-
vestigation will employ Mokken scaling to determine if there
is a hierarchy within the self-perceived symptoms of vocal fatigue.
Mokken scaling is measured using Loevinger’s coefficient H,
which is an indicator of how closely items’ difficulty rates relate
to each other.16 It does this for the entire scale, H, and for each
item Hi with the values between 0 (no probability) and 1 (absolute
probability). If H and Hi scores are above 0.3, the scale is con-
sidered weak but valid, scores above 0.4 confirm a moderately
strong scale, and scores above 0.5 indicate a strong scale. If the
scale is moderate or strong, then less difficult items will provide
insight into less severe symptoms of vocal fatigue and more severe
symptoms of vocal fatigue would reflect more difficult items.

Mokken scaling is not new in the assessment of voice im-
pairment indexes. Deary et al employed Mokken scaling on the
Voice Symptom Scale questionnaire20 to investigate if dyspho-
nia symptoms were hierarchical. They found that symptoms of
dysphonia progressed from physical symptoms to emotional
symptoms. In doing so, the authors not only continued the
reliability testing of the scale but also discovered valuable in-
formation about the latent trait the scale purports to measure.
Mokken scaling has this dual benefit and is appropriate for the VFI.

Purpose of the study

The general aim of the present study is to establish the rela-
tionship among items in the current VFI and develop a hierarchical
understanding of the latent trait of vocal fatigue. Additionally,
this study intends to understand where factor 2, Physical Dis-
comfort, falls within the hierarchy of the latent trait of vocal
fatigue. Finally, this study will provide potential insight to the
development of additional perceived exertion scales directed as
more immediate ratings, such as immediately after a vocal task
(as observed in classic stress test compared with retrospective
perceptions “in the last few weeks”).

METHODS

Participants and design

This retrospective study employed data obtained from a combined
sample of 233 individuals presenting with dysphonia from two
different sites to run Mokken analysis on a larger data set. The
first set of data was utilized from the original validation study
of the current version of the VFI completed by individuals with
dysphonia at the University of Pittsburgh Voice Center and
Vanderbilt Voice Center (n = 80).12 The second set of data was
obtained from the clinical setting at Johnson City Ear, Nose and
Throat Associates (n = 153). Institutional Review Board approv-
al was obtained prior to data analysis. The participants presented
with multiple dysphonia diagnoses, and to capture the largest,
most representative sample, no attempts were made to exclude
any diagnoses. Of the 233 individuals, 26 were removed from
the analysis due to missing data. Therefore, Mokken scale analysis
was completed on a total of 207 participants including 132 females
and 75 males in total.
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VFI

The VFI is a 19-question self-reported questionnaire that targets
symptoms related to vocal fatigue. Each item has a stem ques-
tion with a five-choice Likert-type response scale: never, almost
never, sometimes, almost always, and always. The VFI has three
factors, each identifying a different aspect of vocal fatigue in-
cluding Tiredness and Avoidance, Physical Discomfort, and
Symptom Improvement (with rest). As stated in the Introduc-
tion, the index is highly reliable and has a high sensitivity and
specificity for identifying the presence or absence vocal fatigue.
However, it is unknown if the items form a natural, consistent
order of severity within the underlying trait of vocal fatigue.

Mokken scaling

Data were entered into a spreadsheet (Microsoft Excel 2016;
Microsoft Corp., Seattle, Washington), and as indicated, 26 par-
ticipants with missing data were removed from further analysis.
The data were then converted and processed for Mokken scaling
using the RStudio software (Version 3.3.2) on the PC version
(R Foundation for Statistical Computing, Vienna, Austria). Using
Mokken scaling criteria, data were divided into two separate clus-
ters by the R program using the aisp (FileR) command. The
number of scales, their reliability (Rho), and the invariant item
ordering (Hi) were recorded. Further analysis of monotone ho-
mogeneity and double monotonicity were carried out to identify
any outliers or violations of invariant item ordering. The data
were then listed in order of difficulty in its cluster based on the
mean score.

RESULTS

From the current version of 19 questions on the VFI, two clus-
ters were appropriate for Mokken scaling and comprised two
separate Mokken scales. Cluster 1 represents a group of 16 ques-
tions that correlate and form a hierarchy of difficulty, while cluster
2 included only three correlating questions and did not reveal
a strong Mokken scale. After checking for monotone homoge-
neity and double monotonicity, a reliable (Rho = 0.952) and
moderately strong (Ht = 0.464) scale was found in cluster 1.
Table 1 shows a scale for cluster 1 that increases in difficulty
from “4. My voice gets hoarse with voice use” (mean = 3.014)
to “12. I experience pain in the neck at the end of the day with
voice use” (mean = 1.256).

Moving from items with the least difficulty (highest mean)
to those with the most difficulty (lowest mean), the scale traces
a process of first reporting symptoms of tiredness (eg, “4. My
voice gets hoarse with voice use”; “2. My voice feels tired when
I talk more”) to avoidance (eg, “1. I don’t feel like talking after
a period of voice use”; “6. I tend to generally limit my talking
after a period of voice use”) and then progresses to physical
discomfort (eg, “15. My throat aches with voice use”; “12. I
experience pain in the neck at the end of the day with voice
use”).

Although cluster 2 did not meet the criteria for a valid Mokken
scale (Ht = 0.019), it is important to mention that this cluster in-
cludes all of the questions of factor 3 of the VFI, Symptom
Improvement (with rest), with a high correlation between items
(Rho = 0.844). It was expected that these items would score

separately from the remaining questions. Table 2 shows the hi-
erarchy of question difficulty within cluster 2. Table 3 is presented
with the items on the VFI in the hierarchical order as obtained
using Mokken scaling. However, this table should not replace
the current version of the VFI for research or clinical purposes
because a change in order may affect the psychometric prop-
erties, specifically the item bias.21

TABLE 1.

Cluster 1 Indicating the Reorganization of Factors 1 (Tired-

ness and Avoidance) and 2 (Physical Discomfort) of the

VFI (Ht = 0.464; Rho = 0.952)

Question Mean Hi

4. My voice gets hoarse with voice use. 3.014 0.57
2. My voice feels tired when I talk more. 2.816 0.66

11. My voice feels weak after a period of
voice use.

2.705 0.66

3. I experience increased sense of effort
with talking.

2.676 0.63

10. I find it difficult to project my voice
with voice use.

2.632 0.55

5. It feels like work to use my voice. 2.512 0.65
9. It is effortful to produce my voice after

a period of voice use.
2.473 0.64

1. I don’t feel like talking after a period of
voice use.

2.411 0.66

6. I tend to generally limit my talking
after a period of voice use.

2.406 0.61

7. I avoid social situations when I know I
have to talk more.

1.913 0.57

14. My voice feels sore when I talk more. 1.734 0.50
15. My throat aches with voice use. 1.580 0.61
13. I experience throat pain at the end of

the day with voice use.
1.498 0.59

16. I experience discomfort in my neck
with voice use.

1.391 0.60

8. I feel I cannot talk to my family after a
workday.

1.280 0.53

12. I experience pain in the neck at the
end of the day with voice use.

1.256 0.60

Notes: Items at the top are endorsed first (“easiest items”), and those at
the bottom are endorsed only when the top items are endorsed (“diffi-
cult items”).

TABLE 2.

Cluster 2 Representing Factor 3 (Symptom Improve-

ment) of the VFI (Ht = 0.019; Rho = 0.844)

Question Mean Hi

17. My voice feels better after I have
rested.

2.304 0.65

18. The effort to produce my voice
decreases after rest.

2.135 0.65

19. The hoarseness of my voice gets
better with rest.

2.198 0.63

Notes: Items in this cluster did not qualify for further Mokken criteria.
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DISCUSSION

Mokken scaling was employed to understand the relationship
between VFI items and their hierarchy within this complex trait
of vocal fatigue. Of the 19 items appropriate for Mokken scaling,
two clusters (cluster 1 and cluster 2) with separate Mokken scales
were formed. According to the criteria for judging Mokken scale,
cluster 1 of the VFI indicates a moderately strong scale and strong
Rho values indicate the reliability of the scale.

Within cluster 1 obtained using Mokken scaling, items on
factors 1 (Tiredness and Avoidance) and 2 (Physical Discomfort)
of the original VFI validation are combined and reorganized.
Within this reorganization, it is evident that at the mild end of
this hierarchy, participants report Tiredness, progressing to

Avoidance, and finally at the severe end, Physical Discomfort
symptoms. This is compared with the original validation that com-
bined Tiredness and Avoidance together and treated Physical
Discomfort as a separate but equal factor. This reorganization
is robust with the exception of one item (“I feel I cannot talk
to my family after a workday.”). Mokken scaling captures the
unique contribution of this item within this hierarchy. Al-
though it falls under the avoidance factor, this item is pulled out
and made more difficult. This could be attributed to the fact that
this item provides high motivation to talk to one’s family. This
way Mokken scaling assists in reorganizing the motivational struc-
ture of communication within the underlying trait of fatigue.
Because there is only one item on this motivational factor, Mokken
scaling uncovers the need for possible additional items address-
ing this influence. Cluster 2 comprised the three Symptom
Improvement questions. Although cluster 2 did not meet ade-
quate criteria for Mokken scaling, the reliability within items
was high. This cluster reinforces the notion that voice rest and
recovery, in relation to vocal fatigue, is an important influence
within the construct of vocal fatigue6 and requires more attention.

Mokken scaling further established the reliability and valid-
ity of the existing VFI. Additionally, the reorganization of the
factors in the hierarchy provides insight to the complex nature
of the underlying trait of vocal fatigue. The current reorganiza-
tion is based on the population studied individuals with dysphonia
with a broad diagnosis of voice disorders. However, questions
remain about this reorganization. Are Fatigue and Physical Symp-
toms orthogonal, sequential, or embedded? In this population,
it appears that Fatigue and Physical Symptoms are sequential
and that one indicates a lesser problem than the other. However,
would other populations show a different pattern? As men-
tioned earlier, those without voice disorders might show a different
scaling hierarchy from teachers. If there is a different “teacher
hierarchy,” where vocal fatigue is a highly prevalent experience,22

then comparisons between these hierarchies might be useful. This
was observed in the aforementioned reports where teachers re-
ported Physical Discomfort as a more likely symptom than those
with voice disorders. The differences in how a given popula-
tion responds to the VFI might provide additional diagnostic
insight. For example, a teacher who responds to VFI questions
more similarly to those with voice disorders than other teach-
ers might be considered an at-risk individual. Furthermore, in
some populations (ie, singers, varied diagnoses of voice-
disordered population), the items themselves might be clustered
differently, allowing the clinician and the researcher to under-
stand the unique experience of vocal fatigue in that population.
These data will provide insight to directing the choice of ap-
propriate preventative or treatment approaches to alleviating the
symptom of vocal fatigue in different populations.

Another useful outcome of Mokken scaling is the guidance
it provides in developing appropriate anchors for in vivo vocal
fatigue measures such as the Borg CR10. In this measure, an
individual engages in a vocal activity and immediately re-
sponds to his or her perceived level of fatigue for the particular
task. A challenging part of this type of effort scaling is under-
standing the appropriate anchors for minimal and maximal
measures of vocal fatigue.13,22 Understanding overall hierarchies

TABLE 3.

Hierarchical Ordering of VFI Items Based on Mokken

Scaling

VFI-Mokken Scaling Hierarchy

Cluster 1:
1. My voice gets hoarse with voice

use.
0 1 2 3 4

2. My voice feels tired when I talk
more.

0 1 2 3 4

3. My voice feels weak after a
period of voice use.

0 1 2 3 4

4. I experience increased sense of
effort with talking.

0 1 2 3 4

5. I find it difficult to project my
voice with voice use.

0 1 2 3 4

6. It feels like work to use my voice. 0 1 2 3 4
7. It is effortful to produce my voice

after a period of voice use.
0 1 2 3 4

8. I don’t feel like talking after a
period of voice use.

0 1 2 3 4

9. I tend to generally limit my talking
after a period of voice use.

0 1 2 3 4

10. I avoid social situations when I
know I have to talk more.

0 1 2 3 4

11. My voice feels sore when I talk
more.

0 1 2yg 3 4

12. My throat aches with voice use. 0 1 2 3 4
13. I experience throat pain at the

end of the day with voice use.
0 1 2 3 4

14. I experience discomfort in my
neck with voice use.

0 1 2 3 4

15. I feel I cannot talk to my family
after a workday.

0 1 2 3 4

16. I experience pain in the neck at
the end of the day with voice use.

0 1 2 3 4

Cluster 2:
17. My voice feels better after I have

rested.
0 1 2 3 4

18. The effort to produce my voice
decreases with rest.

0 1 2 3 4

19. The hoarseness of my voice gets
better with rest.

0 1 2 3 4

Notes: Please note that this version of the VFI is not to replace the orig-
inal version of the VFI for clinical or research purposes.
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in measures such as the VFI might clarify the types of anchors
to use for each level of the Borg CR10 scale. Additionally, using
the hierarchies of the VFI gathered from large data sets might
define ubiquitously experienced phenomena that would allow
anchors to be more universal, allowing scores to be compared
within and among individuals.13,22 Finally, knowing the more dif-
ficult items for individuals on the VFI might guide the task choice
to elicit in vivo effort ratings. For example, would prolonged voice
use be a more appropriate fatigue-inducing activity than pro-
jected voice use in a certain population? According to this
research, perceived discomfort was rated more “difficult,” so a
task that might elicit discomfort (as might be observed in loud
talking) would uncover vocal fatigue more quickly.

Limitations of this study

This study presents several limitations. First, the study was con-
ducted on a heterogeneous population of individuals with voice
disorders. In order to employ Mokken scaling as a differential
diagnostic tool across voice disorders, this population should be
theoretically categorized and analyzed separately (eg, those with
benign vocal fold lesions compared with those with unilateral
vocal fold paralysis). Despite this limitation, the study shows a
robust hierarchy indicating a common experience within the trait
of vocal fatigue among this heterogeneous population. Second,
along these same lines, this study used 209 participants for anal-
ysis. Larger numbers with more distinct categories will be
necessary for future investigations. Lastly, it is important to
mention that the VFI is a 19-item scale. Although this scale offers
excellent specificity and sensitivity in determining whether
someone experiences vocal fatigue, more scale items might be
necessary to investigate signature response patterns among dif-
ferent populations.14 Despite this, Mokken scaling with the current
items revealed a moderately strong hierarchy.

Future directions

Future directions for the use of Mokken scaling are exciting.
Results from this approach of scaling provides (a) further support
to the reliability and validity of the established VFI, (b) a concept
of hierarchy/progression of symptoms from items of low to high
difficulty within the trait of vocal fatigue, and finally (c) the
complex nature of this underlying trait of vocal fatigue. However,
it has to be acknowledged that the current hierarchy exists for
the general population of individuals with dysphonia with a mul-
titude of voice diagnoses. Further work is required to see if
Mokken scaling hierarchy will vary based on the population of
choice (ie, in professional voice users). Additional Mokken scaling
on other populations, including professional voice users or vocally
healthy individuals, could provide further insight to the devel-
opment of an analysis or scoring protocol based on a Mokken
hierarchy that would allow for further understanding of the
complex, heterogeneous concept of vocal fatigue.

Conclusions

Mokken scaling provided additional insight to the information
provided by the VFI. From the original VFI validation, Mokken
scaling combined factors 1 and 2 and reordered its structure. Initial
scaling provides additional insight to the underlying factor of

vocal fatigue and may provide guidance to future studies inves-
tigating how vocal fatigue differs among various populations.
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