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SUMMARY: Emerging evidence suggests that interoception—the perception and interpretation of internal 
bodily signals—may play a role in voice perception and voice disorders; however, no self-report measure 
currently assesses interoception specifically in relation to voice processing. The present research aimed to de
velop and validate the Interoception in Voice Scale (IVS), a self-report measure designed to capture awareness 
of bodily cues related to voice production and perception. In total, 33 novel items were developed by drawing on 
existing interoceptive measures and expert input from speech and language specialists. In Study 1 (N = 584), 
exploratory factor analysis indicated a 19-item scale with four interpretable factors: Emotional Voice 
Awareness, Physical Voice Awareness, Voice-related Concern, and Voice-related Attention. These factors de
monstrated good-to-excellent internal consistency (ω = .84−.91). In Study 2 (N = 320), confirmatory factor 
analysis supported the four-factor structure, demonstrating acceptable model fit. Correlational analyses sup
ported construct validity through meaningful associations with dimensions of the Multidimensional Assessment 
of Interoceptive Awareness (MAIA-2), and Voice-related Concern was consistently associated with self-per
ceived voice handicap. Together, the findings support the composite reliability and construct validity of the IVS. 
The scale provides a tool for investigating the role of interoception in voice perception and may be useful for 
future research and for speech and language therapists engaged in clinical work involving voice disorders. The 
survey and scoring instructions are available here: https://jswlab.co.uk/IVS
Key Words: Interoception–Voice–Speech and language–Psychometric–Scale development.  

INTRODUCTION
A dependable voice is fundamental to everyday commu
nication, but its production relies on a complex interplay of 
physiological, biological, and psychosocial systems. While 
there is some debate regarding the definition and classifi
cation of voice disorders,1,2 the voice may be considered 
disordered when the quality, pitch, loudness, flexibility, and 
vocal effort are perceived to be different from others with 
similar demographic characteristics (eg, gender, age, or 
cultural group).3 Voice disorders are relatively common, 
affecting approximately 7% of children and 17% of 
adults4,5 and with one in five adults reporting having a 
voice disorder at some point in their lifetime.6 Moreover, 

there is an increased prevalence in occupations that are 
reliant on one’s voice, such as teaching.7

While voice disorders are often defined in terms of ob
servable vocal characteristics, they are also shaped by how 
individuals internally perceive and experience their own 
voice production. Interoception refers to the perception of 
internal bodily states. More specifically, interoception re
fers to the representation of the internal body, including the 
sensing, interpretation, integration, and regulation of in
ternal body signals.8 Interoception is multidimensional, 
with components that span both conscious and non
conscious levels,9 and aspects that can be measured via 
neuroimaging, objective tasks, and self-report measures.9,10

It is acknowledged as an important component of nu
merous physical and mental health conditions, including 
anxiety disorders, eating disorders, addictive disorders, and 
somatic symptom disorders.11,12

Vocal production depends on the monitoring and reg
ulation of internal sensations such as respiratory effort, 
laryngeal activity, resonance within the vocal tract, and 
(dis)comfort in the throat, but the role of interoception in 
voice is not straightforward. As highlighted by Chen et al8

(see also Desmedt et al13), there is ambiguity in the 
boundaries between interoception and related sensory 
modalities, and vocal production also involves proprio
ceptive elements, including posture and positioning of the 
tongue and lips, and exteroceptive elements (auditory 
feedback and environmental acoustics) as well as the sen
sation of vibrotactile signals through bone conduction.14

Vocal production involves a complex relationship between 
different sensory inputs, outputs, and monitoring, and re
search on interoception has only recently surged in 
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popularity in the last decade. Together, this is perhaps the 
reason why studies on vocal production and interoception 
are only now starting to emerge.

Indeed, to date, only a handful of studies have examined 
associations between interoception and voice. In terms of 
clinical work, the findings of Smeltzer et al15 suggest there may 
be differences in interoception in people with voice disorders. 
Specifically, they found associations between the self-perceived 
ability to sustain attention toward internal body signals and 
voice-related handicap and fatigue indices. This finding was in 
a combined cohort of participants with functional voice dis
orders and typical voice users. Typical voice users here were 
defined as having no current or prior voice disorder diagnoses, 
any related symptomatic complaints associated with their 
voice, or history or diagnosis of somatoform disorders. In the 
same study,15 Smeltzer et al also found that participants with 
primary muscle tension dysphonia (a functional voice disorder 
thought to be the result of excessive muscle tension and hy
perfunction in and around the larynx) reported significantly 
lower emotional awareness compared with typical voice users.

In terms of nonclinical work, Crow et al16 examined the 
associations between interoception and vocal congruence, 
which they define as the extent to which one’s voice is in 
alignment with one’s sense of self. Here, they found that vocal 
congruence was significantly associated with interoceptive be
liefs (ie, participants’ degree of confidence in their performance 
on a heartbeat perception task), and interoceptive insight (the 
congruence between performance on the heartbeat perception 
task and confidence judgments). They also found group dif
ferences in vocal congruence when dividing participants into 
groups that are high or low in interoceptive insight, with the 
high insight group reporting higher vocal congruence. Other 
nonclinical studies have found associations between cardiac 
interoceptive accuracy and singing ability.17,18 Zamorano 
et al18 found that accumulated singing practice predicted ac
curacy and that emotional awareness partly mediated this re
lationship. Additionally, among nonsingers, higher cardiac 
interoceptive accuracy was linked to better singing accuracy.

The present studies
In addition to the challenges in isolating the interoceptive as
pects of voice, another factor that may have inhibited research 
in this domain is the lack of a measure designed for this pur
pose. While numerous self-report measures of interoception 
exist (for discussions, see19,20), none specifically capture voice- 
related sensations or abilities. To address this issue, the over
arching aim of the present studies was to develop and psy
chometrically evaluate a novel measure of bodily awareness in 
vocal production and perception. To do so, we drew upon the 
vast literature which documents that the self-reported compo
nent of interoception is multidimensional,19–21 with (variously 
termed) components such as interoceptive accuracy (the ability 
to accurately detect internal bodily sensations),22 attention (the 
degree to which interoceptive signals are the object of atten
tion10), appreciation (valuing and appreciating the role of body 
sensations23), attribution (interpretation of the causes of in
teroceptive sensations9), and appraisal (how signals are 

interpreted, including affective experience and ascribed 
meaning in relation to the self24,25). Accordingly, we broadly 
aimed to develop an item pool that can capture individual 
differences in the noticing and appraisal of changes in one’s 
voice and related bodily sensations, including vocal quality, 
emotional state, and throat-related (dis)comfort, focusing on 
interoceptive sensations while acknowledging their interaction 
with proprioceptive and exteroceptive auditory processes.

In Study 1, we report on the process of item generation 
and refinement and an examination of content validity, as 
well as the results of an initial examination of factorial 
validity, composite reliability, and construct validity. Here, 
we used exploratory factor analysis (EFA) that allowed us 
to determine the best-fitting model in our sample, without 
any a priori modeling limitations. In Study 2, we cross- 
validated the factor structure using confirmatory factor 
analysis (CFA) and provide further evidence of composite 
reliability and construct validity. Although largely ex
ploratory, we expected to extract a multidimensional 
structure reflecting distinct aspects of interoceptive vocal 
perception. We also expected that the measure would evi
dence appropriate composite reliability and construct va
lidity via moderate correlations with aspects of self- 
reported interoception (indexed via the Multidimensional 
Assessment of Interoceptive Awareness-2 [MAIA-2]26), 
and self-perceived voice-related impairment (assessed via 
the Voice Handicap Index-1027) across both studies. In 
particular, based on the findings of Smeltzer et al,15 we 
expected that our measure would evidence significant as
sociations with the Emotional Awareness scale of the 
MAIA-2.

STUDY 1
Method
Ethical approval for both studies was obtained from the 
Middlesex Psychology departmental ethics committee, and 
all participants provided informed consent prior to data 
collection.

Scale development
Development of the items included in Study 1 was an 
iterative process. An initial pool of 40 items was developed 
by AJ, JS, DB, and ST-G by modifying the items of the 
MAIA-226 and MAIA-youth.28 AJ and JS have experience 
of interoception scale development with the publications of 
MAIA-2 (Mehling, Acree, Stewart, and Silas & Jones26) 
and MAIA-youth (Jones et al28). DB and ST-G are both 
highly experienced practicing speech and language thera
pists with backgrounds in academia as well as clinical 
practice. Their specialties include voice disorders, acquired 
neurological disorders, and sensory integration.

Through discussion, several items were developed by 
modification of the MAIA-2, for example, by adapting the 
item “I can maintain awareness of my whole body even 
when a part of me is in pain or discomfort” to “I can still 
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pay attention to my body even when my voice feels un
comfortable.” Additionally, laryngeal-specific items were 
developed by including voice-specific terminology and 
conditions such as the voice being husky, clear, breathy, 
strained, and weak. For example, “I notice when my voice 
feels strained” and “I notice when my voice feels weak”. 
We opted not to include any negatively worded items nor 
any reverse-scored items as these have suggested to lower 
internal consistency and contaminate a construct’s di
mensionality by loading on a distinct factor.29,30 After 
several rounds of discussion by the team and external 
colleagues, a pool of 33 items was selected (see Appendix 
A). The response scale was also developed as a five-point 
Likert scale ranging from Never (0), Occasionally (1), 
Sometimes (2), Often (3), and Always (4).

Content validity and item revision
The 33 items were sent out to four independent expert voice 
speech and language therapists/pathologists, three based in 
the United Kingdom and a fourth in the United States.

The experts assessed the items based on the following five 
questions: 1). “Do these statements make sense to you? If any 
statements do not, please identify the statement(s) and explain 
why this is.” 2). “Do you think we need to make any changes 
to these statements to make them clearer and/or more suitable 
for you? If yes, please provide us with any suggestions you may 
have and why.” 3). “Were you able to respond to these 
statements based on the available options (i.e., all of the time, 
none of the time)? If not, could you explain why this is and 
suggest any alternative responses you think may be more sui
table?” 4). “Do any of the statements listed above refer to 
offensive or ableist concepts/language? If yes, please indicate 
which statement(s) and explain why.” 5). “Do you have any 
other concerns you wish to share?” The experts also provided 
free-text feedback on how well the items capture the breadth of 
the construct. Based on the expert feedback, seven items were 
revised. For example, Item 10 was revised from “I find it dif
ficult to tell if my voice will start easily” to “Before I speak, I 
can tell if my voice will start easily.” At the end of this process, 
we retained 33 items (see Appendix A) for EFA.

Participants
Data were collected between April 2024 and June 2025 
using the online research platform Prolific (https://www. 
prolific.co/). In total, N = 659 individuals accessed the 
questionnaire, of whom N = 595 provided data. A priori 
determination of the required sample size followed widely 
accepted guidelines, which suggest a minimum of 200 
participants (Howard, 2015), ideally a participant-to-item 
ratio between 10:1 and 20:131 and consider sample sizes 
higher than N = 500 as very good.32 Accordingly, we aimed 
to recruit a sample of ∼600 participants.

Eligibility criteria included being 18 years of age or older 
and fluent in English. Participants provided digital in
formed consent prior to participation. Completion of all 

questions was required in order to proceed with the study. 
Upon finishing the survey, participants were compensated 
approximately £1.00 for their time, which is commensurate 
with Prolific guidelines for a survey of this duration.

After excluding participants who completed the ques
tionnaire too quickly, measured via the relative-speed- 
index, RSI (n = 1133), the final sample consisted of N = 584 
adults. Of these, 248 (42.5%) identified as male, 327 (56.0%) 
as female, 7 (1.2%) as nonbinary, and 2 (0.3%) chose not to 
disclose their gender. Participants ranged in age from 18 to 
77 years (M = 35.0, SD = 13.0).

In terms of education, 40 participants (6.8%) held a 
doctoral degree, 180 (30.8%) a postgraduate degree, 267 
(45.7%) an undergraduate degree, and 97 (16.6%) had 
completed secondary education or lower. Additionally, 70 
participants (12.0%) reported having a clinical voice con
dition. To increase statistical power and as no further de
tails on the nature of voice condition were provided, these 
70 participants were included in all analyses, but analyses 
without them are also reported in Appendix B (no differ
ences in results have been observed).

Materials
Interoceptive in Voice Scale (IVS): The IVS included 33 
items (see Appendix A).

Voice Handicap: The Voice Handicap Index-10 (VHI- 
1027) is a widely used screening tool that assesses the per
ceived psychosocial impact of voice problems. It comprises 
10 items rated on a 5-point Likert scale ranging from 0 
(never) to 4 (always), with higher scores indicating higher 
perceived voice-related handicap.

Self-reported Interoception: The Multidimensional 
Assessment of Interoceptive Awareness, Version 2 (MAIA-226) 
was included to assess multiple dimensions of self-reported 
interoception across 37 items, grouped into eight subscales: 
Noticing (4 items), Not-Distracting (6 items), Not-Worrying (5 
items), Attention Regulation (7 items), Emotional Awareness 
(5 items), Self-Regulation (4 items), Body Listening (3 items), 
and Trusting (3 items). Each item is rated on a 6-point Likert 
scale ranging from 0 (never) to 5 (always).

Demographic Items: Participants were requested to re
port demographic data comprising gender, age, educa
tional attainment, and present/historical diagnosis of a 
voice condition (“Do you have, or have you ever been di
agnosed with, a voice problem condition?” Response op
tions were Yes or No). Participants also reported their 
occupation and ethnicity as free-text answers, but these 
demographics were not analyzed further.

Data analysis
Prior to analysis, data were inspected for completeness. 
Due to the use of forced response settings in the survey 
software, there were no missing responses at the item level. 
However, n = 3 participants exited the study just before the 
final page and did not complete the MAIA-2 questionnaire. 
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These participants were excluded from analyses involving 
MAIA-2 data but retained for all other analyses.

Formal analysis was conducted using R version 4.5.134 with 
the packages psych, dplyr, EFAtools, EFA.dimensions, and la
vaan. We conducted a principal axis exploratory factor analysis 
(EFA). For factor extraction, an oblimin (oblique) rotation 
was used, reflecting the assumption of multiple, potentially 
interrelated dimensions. Data factorability was evaluated using 
the Kaiser-Meyer-Olkin (KMO35) measure of sampling ade
quacy (which should ideally be ≥.80) and Bartlett’s test of 
sphericity (which should be significant).

Item-level analyses were conducted to evaluate item 
quality before factor extraction. This included examining 
item-total correlations, item difficulty, and distributional 
properties. In line with psychometric recommendations, 
items were considered for exclusion if they showed item- 
total correlations near zero (rit(i) <  .10), extreme difficulty 
(Pi <  .05 or >  .95), or distributional irregularities such as 
excessive skewness or kurtosis.36

As the commonly used Kaiser criterion (eigenvalues > 1) has 
frequently been criticized for its tendency to overestimate the 
number of factors, the number of factors to retain was de
termined using a combination of Velicer’s Minimum Average 
Partial test (MAP37), parallel analysis (PA38), and inspection of 
the scree plot (visual scree test). Items were retained in the final 
solution if they showed primary factor loadings ≥ |.40|, no 
substantial cross-loadings ≥ |.30|, and a minimum difference of 
|.20| between primary and secondary loadings.39

Construct validity was assessed through bivariate cor
relations between IVS scores, MAIA-2 subscales, and VHI- 
10 scores. Based on Cohen,40 values ≤.10 were considered 
weak, ∼.30 were considered moderate, and ∼.50 were 
considered strong correlations. Composite reliability was 
estimated using McDonald’s41 omega with values ≥.70 re
flecting adequate internal reliability.42

The VHI-10 showed an excellent internal consistency, with 
ω = .93.2 In the MAIA-2, all except for one (Not-Worrying) 
subscales demonstrated an acceptable-to-excellent internal 
consistency: Noticing (ω = .80), Not-Distracting (ω = .84), 
Not-Worrying (ω = .67), Attention Regulation (ω = .89), 
Emotional Awareness (ω = .87), Self-Regulation (ω = .87), 
Body Listening (ω = .88), and Trusting (ω = .87).

RESULTS
Exploratory factor analysis
An item-level analysis (Table 1) indicated that item diffi
culty ranged from .32 to .68, with most items clustering 
around moderate values. Additionally, corrected item-total 
correlations were generally strong and above the predefined 
cutoff (range: .38-.70). Furthermore, skewness and kurtosis 
values were within an unproblematic range. Thus, based on 

our criteria, none of the items were eliminated prior to 
factor analysis.

The Kaiser-Meyer-Olkin statistic for calculating sample 
suitability, KMO = 0.95, indicated that the sample was 
suitable for factor extraction. Additionally, Bartlett’s test 
of sphericity was significant, χ² (528) = 11662.7, p < .001.

Based on the results of the MAP test, parallel analysis, 
and the scree plot, a four-factor solution was retained. 
Both the original (r²p = .012) and revised MAP tests (r⁴p 

<  .001) indicated four factors, as this solution yielded the 
lowest average partial correlations. Parallel analysis sup
ported this conclusion, with the first four eigenvalues from 
the actual data exceeding those from the simulated data 
(λ₁ = 13.30  >  1.42, λ₂ = 2.42  >  1.37, λ₃ = 1.79  >  1.33, 
and λ₄ = 1.51  >  1.30), while the fifth eigenvalue fell below 
the respective criterion (λ₅ = 1.13  <  1.26). Additionally, 
the scree plot revealed a steep decline in eigenvalues after 
the first factor, followed by a flattening of the curve after 
the fourth factor. Together, the four factors accounted for 
52.6% of the common variance.

TABLE 1.  
Item Analysis 

Item M SD Pi rit (i) Skewness Kurtosis

Item 1 2.3 1.3 .58 .52 −0.26 −1.02
Item 2 2.4 1.3 .59 .62 −0.32 −0.96
Item 3 2.2 1.3 .55 .69 −0.12 −1.06
Item 4 2.2 1.3 .56 .65 −0.18 −1.16
Item 5 2.2 1.4 .54 .62 −0.18 −1.17
Item 6 2.4 1.3 .59 .62 −0.25 −1.00
Item 7 2.4 1.3 .61 .62 −0.45 −0.98
Item 8 2.3 1.2 .58 .70 −0.18 −0.94
Item 9 2.3 1.2 .58 .67 −0.23 −0.97
Item 10 2.1 1.3 .51 .49 −0.11 −1.05
Item 11 2.0 1.3 .49 .59 0.04 −1.15
Item 12 2.5 1.3 .62 .64 −0.37 −1.04
Item 13 2.5 1.2 .61 .68 −0.39 −0.85
Item 14 2.6 1.2 .64 .66 −0.47 −0.65
Item 15 1.8 1.3 .46 .63 0.14 −1.04
Item 16 2.4 1.1 .60 .42 −0.24 −0.75
Item 17 1.9 1.4 .48 .54 0.06 −1.21
Item 18 2.1 1.3 .52 .60 −0.04 −1.09
Item 19 1.9 1.2 .47 .58 0.09 −0.93
Item 20 2.2 1.2 .56 .57 −0.16 −0.84
Item 21 2.5 1.2 .61 .64 −0.39 −0.78
Item 22 2.5 1.1 .63 .63 −0.42 −0.55
Item 23 2.7 1.2 .67 .61 −0.61 −0.58
Item 24 2.7 1.2 .68 .62 −0.63 −0.54
Item 25 2.5 1.2 .63 .63 −0.33 −0.78
Item 26 1.8 1.3 .44 .62 0.10 −1.15
Item 27 2.7 1.1 .68 .38 −0.55 −0.41
Item 28 2.2 1.2 .55 .68 −0.15 −0.89
Item 29 2.0 1.2 .50 .62 0.05 −0.95
Item 30 1.3 1.3 .32 .52 0.57 −0.85
Item 31 2.0 1.2 .49 .61 0.07 −1.02
Item 32 1.9 1.3 .48 .56 0.10 −1.02
Item 33 2.3 1.2 .58 .60 −0.30 −0.86

Notes: rit(i) = item-total correlation; Pi = item difficulty; scale from 0 to 4.

2 Values ≥.70 were interpreted as an acceptable internal con
sistency (c.f42).
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Factor interpretation and item reduction
We inspected the oblimin‑rotated factor loadings (Table 2) 
using our a priori item‑retention rule. Thirteen items did 
not meet the selection criteria: Eight items (Items 9, 10, 13, 
16, 20, 27, 28, and 33) failed to reach the primary loading 
threshold (λ < |.40|), three items (Items 5, 7, and 12) did not 
show sufficient separation between primary and secondary 
loadings (difference < |.20|), and two items (Items 8 and 30) 
showed substantial cross-loadings (≥ |.30|). These items 
were excluded from further analysis. Although Item 21 met 
the primary loading threshold, its conceptual fit was weak 
(ie, “I notice if my stomach is tense” as an indicator of 
“Emotional voice awareness”—see below), and the differ
ence between primary and secondary loadings was low and 
close to the cutoff (Δ = .259). Therefore, this item was also 
excluded from the final set of items.

The remaining 19 items exhibited strong and distinct 
primary loadings. Based on content, the following four 
interpretable factors were identified: emotional voice 
awareness (EA), physical voice awareness (PA), voice-re
lated concern (VC), and voice-related attention (VA). 

EA—Items 14, 22, 23, 24, and 25—captures the awareness 
of emotional modulation in one’s voice. PA—Items 1, 2, 3, 
4, and 6—reflects the awareness and evaluation of one’s 
voice characteristics. VC—Items 11, 15, 17, and 18—re
presents the tendency to worry about sensations of pain or 
discomfort related to the voice production. VA—Items 19, 
26, 29, 31, and 32—describes how individuals attend to 
posture, breathing, and vocal cues to stay aware of voice- 
related cues. The resulting 19-item IVS subscales were used 
in all subsequent analyses (see Appendix B).

Composite reliability and construct validity
The final four subscales exhibited good-to-excellent com
posite reliability, as ωEA = .86, ωPA = .91, ωVC = .86, and 
ωVA = .84.

Across all four IVS subscales, significant associations 
emerged with multiple MAIA-2 dimensions (Table 3). Both 
EA and PA showed consistent positive correlations with 
noticing, attention regulation, emotional awareness, self- 
regulation, body listening, and trusting, which were mod
erate-to-strong in magnitude. In addition, EA showed a 
small negative correlation with Not-Worrying. VC de
monstrated a similar profile of positive associations but 
was further characterized by a moderate-to-strong negative 
association with not-worrying, indicating that individuals 
who tend to worry about bodily sensations also report 
higher voice-related concern. VA was strongly associated 
with noticing, attention regulation, emotional awareness, 
self-regulation, and body listening and trusting.

Regarding self-perceived voice impediment, VC and VA 
showed small-to-moderate positive associations with VHI 
scores, whereas EA and PA were not significantly associated 
with VHI. Thus, participants who reported higher voice-related 
concern or heightened attention to voice-related signals were 
also more likely to report voice impairment.

STUDY 2
Methods
Participants
Data collection for Study 2 took place in November 2025, 
again using the online research platform Prolific. A total of 
N = 320 individuals accessed the questionnaire, and all 
provided complete data.

A priori sample size determination for Study 2 was 
conducted using Monte Carlo simulation43 using the 
simsem package in R.44 Data were generated from the hy
pothesized four-factor measurement model using the re
spective loadings, 1000 replications, and robust maximum 
likelihood estimation, consistent with the modeling ap
proach planned for Study 2 (see below). Simulations 
showed that at N = 200, the CFA model already achieved 
excellent fit with good parameter recovery. However, to 
increase estimate precision, improve stability under po
tential model misspecification, and to align with widely 
used item-to-participant guidelines (cf.31), we targeted a 
sample size of approximately N ≈ 300 for Study 2.

TABLE 2.  
Factor Loadings After Oblimin Rotation 

Item Factor 1 Factor 2 Factor 3 Factor 4

Item 1 −.096 .902 .012 −.103
Item 2 −.004 .870 .044 −.076
Item 3 −.021 .735 .043 .167
Item 4 .017 .816 .006 .030
Item 5 .151 .258 .000 .408
Item 6 .061 .728 −.020 .059
Item 7 .288 .122 −.013 .412
Item 8 .196 .447 −.041 .311
Item 9 .292 .375 −.017 .216
Item 10 .182 .228 −.036 .266
Item 11 .042 .122 .640 .044
Item 12 .231 .430 .196 −.004
Item 13 .297 .395 .189 .027
Item 14 .519 .242 .122 −.026
Item 15 .062 .183 .539 .108
Item 16 .354 .105 −.169 .228
Item 17 .045 .010 .785 −.026
Item 18 .126 −.001 .806 −.039
Item 19 .162 .068 .025 .513
Item 20 .248 .183 −.035 .340
Item 21 .450 .131 .056 .191
Item 22 .617 .084 .058 .058
Item 23 .749 .022 .064 −.045
Item 24 .813 −.114 .075 .027
Item 25 .585 −.005 .111 .128
Item 26 .121 −.051 .234 .546
Item 27 .385 .000 −.092 .188
Item 28 .216 .179 .198 .311
Item 29 .126 .110 .097 .502
Item 30 −.245 −.024 .466 .570
Item 31 .070 .029 −.042 .752
Item 32 .022 −.038 −.024 .804
Item 33 .378 .085 .109 .214
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Eligibility criteria for Study 2 were identical to those in 
Study 1 (ie, being at least 18 years old and fluent in English). 
Participants provided digital informed consent prior to parti
cipation, and completion of all questionnaire items was re
quired to proceed through the study. Upon finishing the 
survey, participants were compensated £1.00 for their time, 
which is commensurate with Prolific guidelines.

No participants in Study 2 had to be excluded for 
completing the questionnaire too quickly; thus, the final 
sample consisted of N = 320 individuals. Of these, 170 
(53.1%) identified as male, 149 (46.6%) as female, and 1 
(0.3%) as nonbinary. Participants ranged in age from 19 to 
77 years (M = 44.4, SD = 12.8). Regarding education, 11 
participants (3.4%) held a doctoral degree, 55 (17.2%) a 
postgraduate degree, 143 (44.7%) an undergraduate degree, 
and 111 (34.6%) had completed secondary school or lower 
education. Only four participants (1.2%) reported having a 
voice condition, again without further details.

Materials
The measures used in Study 2 were identical to those ad
ministered in Study 1, with the exception that we only 
administered the IVS items that were retained in the EFA.

Data analysis
All analyses for Study 2 were conducted in R version 4.5.134

with the packages psych, dplyr, EFAtools, EFA.dimensions, 
lavaan, and semPlot. The aim of Study 2 was to confirm the 
factor structure identified in Study 1. To this end, a CFA was 
performed on the 19 retained IVS items, specifying the four- 
factor model derived from EFA. Each item was constrained to 
load on only one factor, and all four latent factors were al
lowed to correlate. Factor loadings were freely estimated, and 
all residual covariances were fixed to zero.

The model was estimated using robust maximum like
lihood estimation (MLR), to cover potential violation of 
multivariate normality assumptions. Model fit was eval
uated using the Comparative Fit Index (CFI), Tucker- 
Lewis Index (TLI), Root Mean Square Error of 
Approximation (RMSEA), Standardized Root Mean 
Square Residual (SRMR), and the model χ² statistic. 
Following established guidelines,45 acceptable fit was de
fined as CFI/TLI ≥ .90 (preferably ≥ .95), RMSEA ≤ .08 
(preferably ≤ .05), and SRMR ≤ .10 (preferably ≤ .05).

Construct validity was assessed through bivariate 
Pearson correlations between IVS scores, MAIA-2 sub
scales, and VHI-10 scores. Based on Cohen,40 values ≤ .10 
were considered weak, ∼.30 were considered moderate, and 
∼.50 were considered strong correlations. Composite re
liability was estimated using McDonald’s omega41 with 
values ≥ .70 reflecting adequate internal reliability.42

The VHI-10 again demonstrated excellent internal con
sistency (ω = .94). The MAIA-2 subscales showed acceptable- 
to-excellent internal consistency across all scales: Noticing 
(ω = .78), Not-Distracting (ω = .85), Not-Worrying (ω = .82), 
Attention Regulation (ω = .90), Emotional Awareness 

(ω = .85), Self-Regulation (ω = .87), Body Listening (ω = .88), 
and Trusting (ω = .90).

RESULTS
Confirmatory factor analysis
The initial CFA indicated insufficient global fit, 
χ²(146) = 564.28, P  <  0.001, RMSEA = .10 (90% CI 
[.09, .11]), CFI = .88, TLI = .86, and SRMR = .10. However, 
all items loaded strongly and significantly on their intended 
latent factors (λ = .53-.91), and the four IVS factors showed 
significant latent intercorrelations (r = .18-.64).

To explore potential sources of misfit, modification indices 
were inspected to identify theoretically interpretable model 
adjustments.46 To preserve the factor structure derived from 
the EFA, only within-factor residual covariances among clo
sely related items were considered, and only when indices in
dicated substantial misspecification (MI  >  100). The largest 
modification indices suggested correlated residuals between 
item 31 and item 32 (both asking about paying attention to 
voice-related signals when other things are happening; 
MI = 147.4) and between item 1 and item 2 (asking about 
husky or rough voice; MI = 128.0).

Including these two within-factor residual covariances 
improved overall model fit to an acceptable level, 
χ²(144) = 360.7, P <  .001, RMSEA = .07 (90% CI 
[.06, .08]), CFI = .94, TLI = .93, and SRMR = .08. In this 
modified model, standardized factor loadings remained 
high (λ = .53-.91), and the latent IVS factors continued to 
show moderate-to-strong positive intercorrelations 
(r = .32-.79). The final model is shown in Figure 1.

Internal consistency and construct validity
The confirmatory correlations with the MAIA-2 and VHI-10 
scales are presented in Table 4. Across the two samples, the 
overall correlational patterns between the IVS subscales and 
the MAIA-2 dimensions were highly consistent. EA and PA 
once again showed a uniform pattern of moderate-to-strong 
positive associations with Noticing, Attention Regulation, 
Emotional Awareness, Self-Regulation, Body Listening, and 
Trusting. EA also demonstrated a small negative association 
with Not-Worrying. VC exhibited a partially similar correla
tional profile, with positive associations with Noticing, Emo
tional Awareness, and Body Listening, and a strong negative 
association with Not-Worrying. VA again demonstrated 
moderate-to-strong associations with Noticing, Attention 
Regulation, Emotional Awareness, Self-Regulation, Body 
Listening, and Trusting.

Regarding voice-related impairment, VC again demon
strated a small-to-moderate positive association with VHI, 
and PA also showed a small positive association. However, 
EA and VA were not related to perceived voice handicap.

DISCUSSION
The present study aimed to develop and validate a self- 
report measure that can capture individual differences in 

Alexander Jones, et al The Interoception in Voice Scale 7  



the noticing and appraisal of changes in voice and asso
ciated bodily sensations, with a particular focus on inter
oceptive processes and their interaction with proprioceptive 
and auditory inputs. Across two studies, we introduced the 
Interoception in Voice Scale (IVS), a 19-item instrument 
capturing four dimensions of voice-related bodily experi
ence: emotional voice awareness, physical voice awareness, 
voice-related concern, and voice-related attention. 
Exploratory and confirmatory factor analyses supported 
this four-factor structure, albeit following estimation of 

modification indices for two pairs of items, and the scale 
demonstrated appropriate indices of composite reliability 
and construct validity via moderate-to-large associations 
with facets of self-reported interoception and self-perceived 
voice-related impairment.

The four-factor structure identified in this study reflects 
related but theoretically distinct components of voice-re
lated interoceptive experience. Accordingly, future re
searchers should use the four scales as separate 
indices—that is, researchers should not compute a global 
score across all 19 items. The first scale, Emotional Voice 
Awareness, reflects the ability to recognize emotional states 
through changes in vocal characteristics. This dimension 
aligns with theoretical accounts suggesting that vocal ex
pression provides an important channel through which 
emotional states are both communicated to others and 
perceived by the self.47 Across both studies, emotional 
voice awareness showed strong positive correlations with 
MAIA-2 dimensions such as emotional awareness, body 
listening, and self-regulation. This pattern is consistent 
with evidence that adaptive forms of self-reported inter
oception (reflecting confidence in detecting and interpreting 
internal states) are associated with greater emotional dif
ferentiation and well-being.21

The second factor, Physical Voice Awareness, captures 
awareness of acoustic and physiological properties of the 
voice, such as strain, breathiness, or weakness. This di
mension reflects the monitoring of physical vocal sensa
tions that arise during voice production. Prior work has 
found a relationship with vocal experience and expertise in 
the manipulation of voice properties.18 For example, pro
fessional singers have been shown to exhibit enhanced in
teroceptive accuracy compared with nonsingers,17

suggesting that awareness of internal physiological cues 
may support skilled vocal control. The Physical Voice 
Awareness factor identified here may therefore represent an 
aspect of interoceptive attention related to vocal self- 
monitoring. Within this factor, model fit was improved in 
the CFA analyses by allowing the residuals of two items (“I 
notice when my voice sounds husky” and “I notice when 
my voice sounds rough”) to correlate, likely reflecting their 
semantic similarity and shared emphasis on closely related 
vocal qualities, and indicating a small degree of local de
pendence beyond the latent construct.

The third factor, Voice-related Concern, reflects the 
tendency to experience worry or emotional reactions in 
response to vocal discomfort or throat sensations, aligning 
with theorized construct of interoceptive appraisal (en
compassing the affective evaluation and personal meaning 
ascribed to bodily signals24,25). This dimension showed a 
strong negative relationship with the MAIA-2 Not-Wor
rying scale across both studies, indicating that individuals 
who tend to worry about bodily sensations also report 
greater concern about voice-related sensations. Such find
ings are consistent with broader interoception research 
demonstrating that maladaptive interpretations of bodily 
signals can contribute to heightened symptom perception 

FIGURE 1. Four-factor model of the interoception in voice scale. 
Note: Circles represent latent variables, squares refer to manifest 
variables, single-headed arrows represent factor loadings, and 
double-headed arrows between manifest variables represent 
standardized residual correlation paths; all factor loadings and 
correlation coefficients are significant at P  <  .05; error terms of 
manifest variables are not shown. VA, Voice-related attention; 
VC, Voice-related concern; PA, Physical voice awareness; EA, 
Emotional voice awareness.
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and distress.48,49 In the context of voice perception, this 
pattern suggests that not all forms of voice awareness are 
necessarily adaptive; rather, excessive concern about vocal 
sensations may reflect a more anxiety-related component of 
interoceptive processing.

Notably, the Voice Concern factor also demonstrated 
consistent positive correlations with self-perceived voice- 
related impairment, as indexed by VHI-10 scores, across 
both samples. This finding may have particular relevance 
for understanding voice disorders. More specifically, we 
found that individuals who report greater concern about 
vocal sensations or who monitor these sensations more 
closely tend to experience greater perceived voice impair
ment. The convergence provides preliminary support for 
the construct validity of the factor, suggesting that it cap
tures a dimension of voice-related body awareness that is 
meaningfully linked to perceived functional impact. Our 
findings here align with previous work by Smeltzer et al,15

who reported associations between interoceptive processes 
(particularly the ability to sustain attention toward internal 
bodily signals) and voice-related handicap and fatigue in
dices in both clinical and nonclinical adults.

The fourth factor, Voice-related Attention, reflects the ca
pacity to monitor voice-related cues such as posture, breathing, 
and vocal signals during communication. This dimension 
showed particularly strong associations with MAIA-2 scales 
related to attentional processes, including Attention Regulation 
and Body Listening. These findings align with theoretical ac
counts emphasizing the role of attentional processes in inter
oception.50,51 Monitoring posture and breathing during speech 
may represent a form of deliberate attention toward internal 
vocal cues, which could be relevant for both typical vocal 
functioning and therapeutic interventions. Within this factor, it 
was necessary to correlate the error terms between Items #31 
(“I can continue to pay attention to my voice even when there 
is a lot happening around me”) and #32 (“I can pay attention 
to my voice even when my mind is racing”), likely reflecting 
shared variance associated with sustained attentional control 
under conditions of external and internal distraction.

The IVS makes a significant novel contribution to a nascent 
area of research, and may therefore have several applications. 
From a research perspective, it provides a tool for investigating 
how interoceptive attention and appraisal contribute to vocal 
perception, emotional expression, and communication. For 
example, emerging research suggests that interoceptive pro
cesses may play an important role in how individuals experi
ence and interpret their own voice, and the importance of this 
to the sense of self.16 In clinical contexts, the scale may help 
identify patterns of voice-related interoceptive processing that 
could be relevant for the assessment and treatment of voice 
disorders. For example, interventions targeting body awareness 
or attentional processes have been proposed as potential ap
proaches for improving interoceptive functioning.52 Under
standing how individuals attend to and interpret vocal 
sensations may therefore inform voice therapy strategies aimed 
at improving vocal self-monitoring and reducing maladaptive 
concern about vocal symptoms.

Limitations and future directions
Nevertheless, several limitations should be considered 
when interpreting the present findings. First, both studies 
relied on self-report measures, collected from online sam
ples and drawn from the general population, and only a 
small proportion of participants reported having a voice 
condition, which prevented more detailed analyses of 
clinical subgroups. Future research should therefore ex
amine the psychometric properties of the IVS in clinical 
populations with diagnosed voice disorders and should also 
seek to explore whether the measure has clinical utility, for 
example, by examining sensitivity to change and minimal 
clinically important difference indices (eg, see Eggart 
et al53). Additionally, further work could investigate re
lationships between IVS scores and objective measures of 
vocal function or interoceptive accuracy, such as physio
logical or behavioral assessments of voice production.

Future work should also be conducted to cross-validate 
the factor structure identified in the present study. The 
estimation of modification indices to respecify less-than- 
adequately fitting models is commonly recommended,46

but it should also be acknowledged that this represents a 
post hoc, data-driven modification of the hypothesized 
model. Future examinations of factorial validity will help 
determine the extent to which modification indices re
present true or idiosyncratic characteristics of the CFA 
dataset.54,55 This work could also examine a broader set of 
psychometric properties, which were beyond the scope of 
the present work, including test-retest reliability and dis
criminant validity.

CONCLUSION
Overall, the present research introduces the first scale specifi
cally designed to measure interoception related to voice pro
cessing. The IVS demonstrated promising psychometric 
properties across two independent samples and provides a 
novel tool for studying the intersection between interoception 
and vocal perception. By enabling researchers and clinicians to 
assess how individuals perceive and interpret internal vocal 
signals, the scale may contribute to a deeper understanding of 
both typical voice perception and voice-related disorders.
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Appendix A
Items included for data collection in study 1
Please read the sentences below and circle your answer. There is no right or wrong!

Item Never Occasionally Sometimes Often Always

1 I notice when my voice sounds husky. 0 1 2 3 4
2 I notice when my voice sounds rough. 0 1 2 3 4
3 I notice when my voice sounds breathy. 0 1 2 3 4
4 I notice when my voice sounds weak. 0 1 2 3 4
5 I notice when my voice sounds clearer than usual. 0 1 2 3 4
6 I notice when my voice feels strained. 0 1 2 3 4
7 I notice when my voice feels comfortable. 0 1 2 3 4
8 I notice when my voice changes, even when there is a lot going on 

around me.
0 1 2 3 4

9 I notice when my voice becomes tired. 0 1 2 3 4
10 Before I speak, I can tell if my voice will start easily. 0 1 2 3 4
11 I get worried if I feel pain/discomfort in my throat. 0 1 2 3 4
12 I notice when I do not breathe freely. 0 1 2 3 4
13 I notice the first signs of discomfort in my throat before they become very 

strong.
0 1 2 3 4

14 I notice if my voice changes with different emotions. 0 1 2 3 4
15 When my voice feels uncomfortable, it dominates my attention. 0 1 2 3 4
16 I can still pay attention to my body even when my voice feels uncomfortable. 0 1 2 3 4
17 I get upset when I feel pain/discomfort in my throat. 0 1 2 3 4
18 I worry about my throat when it feels uncomfortable. 0 1 2 3 4
19 I notice my posture when I am talking. 0 1 2 3 4
20 I notice if there is tension in my shoulders. 0 1 2 3 4
21 I notice if my stomach is tense. 0 1 2 3 4
22 I notice how my voice changes when I speak in different situations. 0 1 2 3 4
23 I can tell I am angry by the sound of my voice. 0 1 2 3 4
24 I can tell if I am happy by the sound of my voice. 0 1 2 3 4
25 I can tell I am stressed/anxious by the sound of my voice. 0 1 2 3 4
26 I listen for clues from my voice to let me know what emotion I am feeling. 0 1 2 3 4
27 I feel comfortable in my body. 0 1 2 3 4
28 I can tell if my throat changes in how tight it feels. 0 1 2 3 4
29 I notice changes in my breathing over the day. 0 1 2 3 4
30 I worry about my voice even when I am doing other activities. 0 1 2 3 4
31 I can continue to pay attention to my voice even when there is a lot 

happening around me.
0 1 2 3 4

32 I can pay attention to my voice even when my mind is racing. 0 1 2 3 4
33 I can tell that I am tired by how my voice sounds. 0 1 2 3 4

Appendix B

TABLE A1.  
Item Analysis Without Participants Who Reported a Voice Condition 

Item M SD Pi rit Skewness Kurtosis

Item 1 2.3 1.3 .57 .52 −0.22 −1.11
Item 2 2.4 1.3 .59 .63 −0.32 −1.01
Item 3 2.2 1.3 .54 .70 −0.08 −1.12
Item 4 2.2 1.4 .55 .65 −0.14 −1.21
Item 5 2.1 1.4 .53 .62 −0.12 −1.25
Item 6 2.3 1.3 .58 .62 −0.22 −1.05
Item 7 2.4 1.4 .60 .63 −0.42 −1.07
Item 8 2.3 1.2 .57 .71 −0.14 −1.01
Item 9 2.3 1.3 .58 .66 −0.22 −1.03
Item 10 2.0 1.3 .51 .51 −0.09 −1.09
Item 11 2.0 1.3 .47 .58 0.13 −1.15
Item 12 2.5 1.3 .62 .63 −0.39 −1.05
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TABLE A1 (Continued)
Item M SD Pi rit Skewness Kurtosis

Item 13 2.4 1.3 .61 .69 −0.38 −0.89
Item 14 2.6 1.2 .64 .66 −0.48 −0.67
Item 15 1.8 1.3 .44 .62 0.23 −1.02
Item 16 2.4 1.1 .60 .42 −0.25 −0.76
Item 17 1.8 1.4 .46 .54 0.13 −1.21
Item 18 2.0 1.3 .50 .59 0.02 −1.10
Item 19 1.8 1.2 .45 .56 0.15 −0.93
Item 20 2.2 1.2 .55 .55 −0.11 −0.86
Item 21 2.4 1.2 .60 .63 −0.35 −0.84
Item 22 2.5 1.1 .62 .64 −0.41 −0.60
Item 23 2.7 1.2 .68 .61 −0.63 −0.55
Item 24 2.7 1.2 .68 .64 −0.67 −0.52
Item 25 2.5 1.2 .62 .64 −0.31 −0.81
Item 26 1.7 1.3 .42 .61 0.19 −1.13
Item 27 2.8 1.1 .69 .37 −0.59 −0.38
Item 28 2.2 1.2 .54 .68 −0.10 −0.97
Item 29 2.0 1.2 .49 .61 0.12 −0.93
Item 30 1.2 1.3 .29 .50 0.76 −0.55
Item 31 1.9 1.2 .48 .59 0.12 −1.02
Item 32 1.8 1.3 .45 .55 0.19 −0.99
Item 33 2.3 1.2 .57 .60 −0.24 −0.93

Note. rit(i) = item−total correlation; Pi = item difficulty; scale from 0 to 4.

TABLE A2.  
Factor Loadings Without Participants Who Reported a Voice Condition 

Item Factor 1 Factor 2 Factor 3 Factor 4

Item 1 −.091 .901 .009 −.107
Item 2 −.013 .874 .045 −.063
Item 3 −.023 .738 .055 .166
Item 4 .028 .827 .004 .002
Item 5 .159 .248 .026 .383
Item 6 .053 .750 −.032 .049
Item 7 .290 .117 .018 .398
Item 8 .216 .452 −.025 .279
Item 9 .302 .382 −.039 .204
Item 10 .174 .238 −.031 .274
Item 11 .048 .122 .627 .049
Item 12 .174 .463 .177 .029
Item 13 .265 .405 .162 .076
Item 14 .517 .250 .116 −.025
Item 15 .057 .207 .55 .072
Item 16 .316 .145 −.194 .244
Item 17 .046 .011 .778 −.018
Item 18 .127 −.009 .809 −.044
Item 19 .151 .075 .020 .496
Item 20 .255 .189 −.050 .313
Item 21 .460 .137 .040 .179
Item 22 .666 .070 .058 .019
Item 23 .748 .024 .060 −.054
Item 24 .806 −.109 .082 .039
Item 25 .618 −.011 .105 .116
Item 26 .132 −.051 .247 .516
Item 27 .319 .014 −.098 .226
Item 28 .192 .183 .204 .330
Item 29 .114 .112 .082 .514
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TABLE A2 (Continued)
Item Factor 1 Factor 2 Factor 3 Factor 4

Item 30 −.249 −.011 .439 .577
Item 31 .056 .017 −.037 .765
Item 32 .037 −.044 −.050 .810
Item 33 .399 .088 .071 .223

Note. Based on the MAP tests, parallel analysis, and the scree plot, a four-factor solution was retained. Both the original (r2
p =.013) and revised MAP tests 

(r4
p < .001) reached their minima at four factors. Parallel analysis likewise supported this structure, with four eigenvalues exceeding the corresponding 

random eigenvalues (λ1 = 13.21 > 1.45, λ2 = 2.50 > 1.39, λ3 = 1.81 > 1.35, and λ4 = 1.49 > 1.31). Together, the four factors accounted for 52.5% of the common 
variance.

Appendix C
Final Version of the Interoception in Voice Scale
Please read the sentences below and select your answer. There is no right or wrong.

Never Occasionally Sometimes Often Always

1 I notice if my voice changes with different emotions 0 1 2 3 4
2 I notice how my voice changes when I speak in different situations 0 1 2 3 4
3 I can tell I am angry by the sound of my voice 0 1 2 3 4
4 I can tell if I am happy by the sound of my voice 0 1 2 3 4
5 I can tell I am stressed/anxious by the sound of my voice 0 1 2 3 4
6 I notice when my voice sounds husky 0 1 2 3 4
7 I notice when my voice sounds rough 0 1 2 3 4
8 I notice when my voice sounds breathy 0 1 2 3 4
9 I notice when my voice sounds weak 0 1 2 3 4
10 I notice when my voice feels strained 0 1 2 3 4
11 I get worried if I feel pain/discomfort in my throat 0 1 2 3 4
12 When my voice feels uncomfortable, it dominates my attention 0 1 2 3 4
13 I get upset when I feel pain/discomfort in my throat 0 1 2 3 4
14 I worry about my throat when it feels uncomfortable 0 1 2 3 4
15 I notice my posture when I am talking 0 1 2 3 4
16 I listen for clues from my voice to let me know what emotion I am feeling 0 1 2 3 4
17 I notice changes in my breathing over the day 0 1 2 3 4
18 I can continue to pay attention to my voice even when there is a lot 

happening around
0 1 2 3 4

19 I can pay attention to my voice even when my mind is racing 0 1 2 3 4

Note. Items 1-5 = Emotional voice awareness (EA), Items 6-10 = Physical voice awareness (PA), Items 11-14 = Voice-related Concern (VC), Items 15-19 = Voice- 
related Attention (VA); Scale: 0 = Never, 4 = Always.

Scoring instructions: Compute the average score for the items on each scale. 

1. Emotional voice awareness (EA): awareness of emotional modulation in one’s voice (Item 1 ___ + Item 2 ___ + Item 3 
___ + Item 4 ___ + Item 5 ___) ÷ 5 = ___

2. Physical voice awareness (PA): awareness of acoustic and physiological properties of the voice (Item 6 ___ + Item 7 ___ 
+ Item 8 ___ + Item 9 ___ + Item 10 ___) ÷ 5 = ___

3. Voice-related concern (VC): tendency to experience worry or emotional reactions in response to vocal discomfort or 
throat sensations (Item 11 ___ + Item 12 ___ + Item 13 ___ + Item 14 ___) ÷ 4 = ___

4. Voice-related attention (VA): capacity to monitor voice-related cues such as posture, breathing, and vocal signals during 
communication (Item 15 ___ + Item 16 ___ + Item 17 ___ + Item 18 ___ + Item 19 ___) ÷ 5 = ___
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