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Abstract
Voices are idiosyncratic manifestations of individuals and contribute to unique selfrepresentation. Interoception is the body’s ability to perceive its internal physiological state(s).
An individual’s interoceptive abilities correlate with emotional and perceptual experience, which
poses implications for cognition, self-perception, and personality. Given the links between the
voice and the sense-of-self, populations experiencing voice impairment may experience an
altered sense of self. The purpose of this study was to determine the extent to which
interoceptive awareness predicts voice congruence in individuals with normal, healthy voices.
Fifty individuals underwent an interoceptive awareness task and were split into two groups, high
and low interoceptive awareness. Following this task they underwent a speaking and listening
task, after which they completed a Voice Congruence Scale. Results indicated that individuals
with higher interoceptive awareness rated themselves as having higher voice congruence. These
findings pose compelling implications for many voice-related populations and guides future
clinical and research practices.

Keywords: VOICE CONGRUENCE, SELF-PERCEPTION, INTEROCEPTION, VOCAL
IDENTITY, VOICE DISORDERS
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Introduction
The human voice is undoubtedly linked to an individual’s sense of self. Voices are, by
nature, idiosyncratic representations of individuals. Individuals possess anatomical,
physiological, and psychological characteristics that are unique to them which contribute to their
voice output. Thus, establishing the voice as a salient marker of their individuality. The voice is
not only a means by which to deliver language through speech production, but also a means to
signal paralinguistic information such as prosody, emotional expressiveness, and self-identifying
characteristics to the listener, such as age, gender, ethnicity, geographical identity, and health
status (Chambers, 2009; Mead, 1962; Scott & McGettigan, 2016). Voices are also malleable and
can be actively modulated by an individual depending on mood, social context, physical
environment, and characteristics of the conversational partner (Cameron, 2001; Scott &
McGettigan, 2016). Given this close connection between the voice and the self, impairment or
alteration of one will undoubtedly influence other. For example, damage to the vocal system will
potentially alter an individual’s sense of self.
Voice congruence is the degree to which the voice matches the internal representation of
the self. Individuals with voice disorders or voice dysphoria have reported an altered sense of
self or an incongruence between the voice and the self (Bickford, Coveney, Baker, & Hersh,
2013; Cameron, 2001; Khan, Green, Creer, Cunningham, 2011; Pickering, 2015). Other types of
incongruence are reported in many clinical populations, such as gender dysphoria in the
transgender population (Dacakis, Davies, Oates, Douglas, & Johnston, 2013). While the effects
of voice on areas such as emotion, social interaction, and quality of life have been widely
investigated (Armstrong et al., 2001; Costa, & Matias, 2005; van Mersbergen & Delany, 2014),
the extent to which the voice and the sense of self are integrated remains largely unknown.
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The areas of experimental psychology and cognitive neuroscience have examined the
psychological and neurological constructs that form one’s sense of self (Adler, Herbelin,
Similowski, & Blanke, 2014; Baumeister, 1999; Blanke, 2012; Gallagher, 2000; Longo, Schüür,
Kammers, Tsakiris, & Haggard, 2008). Tsakiris (2016) describes two sensory phenomena
emerging from this research that interactively comprise the bodily sense of self: interoception
and exteroception. The influence of interceptive information on the self belongs to the bodybrain relationship, where signals from the body’s internal physiological state are interpreted by
the brain. This concept may be more commonly known as body awareness. Interoception, or an
individual’s awareness of interoceptive processes, has been shown to play a role in emotional
processing (Schandry, 1981; Tsakiris, Tajadura-Jiménez, & Costantini, 2011; Weins, 2005),
which poses many implications for emotion, personality, mood, cognition, and overall health
(Tsakiris, 2016). Exteroception refers to the body’s multisensory integration of stimuli
originating outside of the body. Interoception and exteroception are known to interact (Tsakiris
et al., 2011), but the extent to which they interact remains unclear and continues to be
researched.
Bodies of literature address self-perception and voice separately and very little attention
has been given to the relationship between these two constructs. Furthermore, very little
information delves into how alteration of one system may affect the other. This study aims to
investigate one way to quantify vocal congruence by using measures of interoceptive awareness.
In completing this research, this study also employed a new measure of vocal congruence that
could be used as a practical clinical tool to identify voice incongruence and track progress in
voice disordered or voice dysphoric populations. Thus, this study will not only inform us about
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the relationship between interoceptive ability and vocal congruence but also serve as an initial
test of a new voice measure.
Literature Review
Voice Congruence
Voice congruence is the extent to which one’s voice is in alignment, or congruent, with
one’s sense of self. Voice congruence is not a standard term found in the current literature, and
research examining this topic is significantly lacking. However, a common theme of
disconnection or incongruence between the voice and the self is widely reported or inferred
among many disordered and dysphoric voice populations. For example, the aging, transsexual,
laryngectomy populations, and individuals who use alternative and augmentative means of
communication have all reported an altered sense of self as a result of their change in voice or
lack of voice (Bickford et al., 2013; Costa, & Matias, 2005; Cameron, 2001; Dacakis et al., 2013;
Khan et al., 2011; Mcneill, Wilson, Clark, & Deakin, 2008; Pickering, 2015). Oates and Dacakis
(2015) use the term “gender congruence” in reference the voice in transgender individuals.
However, this term is not necessarily specific to voice, and can be applied to many physical,
psychological, and social aspects of transgender individuals, such as dress, posture, vocabulary,
etc. The term voice congruence is a more specific and appropriate term to describe the
relationship between the voice and the sense of self and can be applied to a variety of voicerelated populations. To date, research has produced little about how an incongruent voice might
affect an altered sense of self and what impact that will have on social, emotional, physiological
experience.
Bickford, Coveney, Baker, and Hersh (2013), highlighted the alteration of self as a result
of damage to the vocal system using qualitative methods tracking the views and experiences of
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individuals from a range of ages, geographical locations, and social situations who have
undergone a total laryngectomy (TL). Seven men and five women who were at least one-year
post-surgery, over 18 years of age, used alaryngeal communication methods, and were proficient
communicators reported reflections on their altered voice. Data from interviews, journals, field
notes, and socio-demographics revealed an emergent concept across participants: the continuous
process of identifying with the altered self after TL. Many participants reported that they often
experienced reduced shared meaning with others due to their vocal tone and limited
communication abilities, causing them to alter or avoid social interaction. This study also found
evidence that resilience was crucial in an individual’s successful identification with and
acceptance of their altered selves. Ultimately, this study reinforces the notion that the voice plays
an integral role in an individual’s construct of self through linguistic and paralinguistic
expression. The authors cite the extensive physical and psychosocial adjustment, which
undoubtedly impacts quality-of-life and communicative interaction which exemplified the need
for resilience to overcome the incongruence between voice and self (Bickford et al. as cited in
Armstrong, Isman, Dooley, Brine, Riley, Dentice, et al., 2001). Thus, a loss or major alteration
of a person’s vocal system will have considerable consequences on a person’s construct of self
and, in turn, how they interact in social situations.
The aging population has also reported adverse psychological and social effects as the
result of vocal changes. Individuals undergo physiological changes during the aging process that
will alter the fundamental frequency, quality, and efficiency of the vocal system (Rosen, Spiegel,
Hawkshaw, & Sataloff, 1997; Scott & McGettigan, 2016; Vaca, Mora, & Cobeta, 2015). Some
age related changes that can affect the voice include loss of muscle mass and strength, changes in
thickness of mucous membranes, changes in respiration, and age-related hormonal changes.
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Costa and Matias (2005) reported on psychological and social repercussions of vocal changes
secondary to aging which they claimed presented deleterious consequences for aging women.
They investigated the impact of age related vocal changes on quality of life in 50 elderly female
participants between the ages of 60-87 years using two self-rating scales: the Questionnaire
Short-Form Health Survey- SF 36 (Ware, 1993), which assesses eight subcategories of health
(physical functioning, social functioning, body pain, vitality, emotional and social roles in life,
general health status, and mental health status) and the Voice Handicap Index (VHI; Jacobsen et
al., 1997), which measures the extent of psychosocial impact on individuals with voice disorders.
On the VHI elderly women reported strong correlations between the functional, physical, and
emotional impairment subcategories and the SF-36. The most notable result was a significant
negative correlation between total results of SF36 and VHI, suggesting that impaired vocal
conditions may interfere with quality of life in women over the age of 60. Results of this study,
and others such as Benninger et al. (1998) and Ferreira et al. (1994), suggest that vocal
impairments can present an adverse influence on health quality of life of voice-disordered
populations. However, these studies do not reveal how these vocal changes may affect an
individual’s sense of self and emotional experience as the result of a voice disorder only the
effect on health quality of life.
Implications of impaired voice congruence are even observed in individuals who use
synthetic voices as a means communication. A single case study by Khan et al. (2011) examined
a female subject who had undergone total laryngectomy and used a generic voice output
communication aid (VOCA) as her primary means of communication. They asserted that when
an individual must use a VOCA in place of her own voice, it is important that the synthetic voice
is acceptable to the individual because this will influence the motivation to communicate. They
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created a VOCA that more closely resembled the acoustic parameters of the patient’s voice prior
to laryngectomy based on voice banking prior to surgery. They found that this more congruent
voice was much preferred by her and her family members compared to a generic digital voice
output system. Other individuals who use synthetic voices have also reported adverse changes to
self-identity when presented with a different synthetic voice than the one with which they are
accustomed. For example, English physicist and theorist Stephen Hawking uses a system which
employs an American English synthetic voice output. When a British English equivalent was
made available, which might be seemingly more appropriate or more authentic for him, Hawking
had difficulty deciding whether or not to make this shift, saying “it will bring a real identity
crisis” (Cameron, 2001). This statement highlights the notion that a voice to which an individual
had become accustomed is rooted in the sense of self and identity.
As previously stated, voices can indicate a variety of self-identifying features to a
listener, including gender (Schwartz et al., 2016). For this reason, voice congruence (or the lack
thereof) can be viewed as an important contributing factor in gender dysphoria in the transgender
population. In their Standards of Care (Coleman et al., 2011), the World Professional
Association for Transgender Health defines gender dysphoria as “distress caused by a
discrepancy between a person’s gender identity and the person’s medically assigned sex.” This
discrepancy manifests in many different aspects of the transgender individual, one key aspect
being voice. Gender voice dysphoria has been shown to be a contributing factor to negative
psychological, social, and emotional experiences in the transgender population (McNeill,
Wilson, Clark, and Deakin, 2008; Oates and Dacakis, 2015). Because of this discrepancy, many
transgender individuals seek to change their voices to more closely match their gender identity
(Oates and Dacakis, 2015). Perception of voice in the transgender individual was observed in a
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study by McNeill, Wilson, Clark, and Deakin (2006) who investigated the relationship of
fundamental frequency (F ) and male-to-female transgender individuals’ happiness with their
O

own voice. Results of this study indicated that perception of femininity by trained and naïve
observers was strongly correlated with individuals’ F . However, transgender individuals did not
O

necessarily relate F with happiness of their own voice. This finding has been confirmed in other
O

studies that have revealed that many factors may determine a transgender individual’s level of
satisfaction with their voice, not only F (McNeill, Wilson, Clark, and Deakin, 2008; Oates and
O

Dacakis, 2015; Schwartz et al., 2016). Often, a major goal in transgender voice therapy is to
produce a voice that is “passing” as the individual’s identified gender. Thus, in male-to-female
transgender individuals, producing a voice with a higher F that is perceived as more feminine
O

would presumably be a desired outcome. However, evidence from these studies suggest that
higher F does not necessarily indicate an individual’s acceptance of their voice as their own,
O

suggesting that there are additional factors that influence voice congruence. These factors can
vary, depending on age at time of transition, sexual reassignment surgery, use of hormone
therapy, and presence or absence of a support system. These multidimensional factors imply that
there are both internal and external factors that may influence the sense of self in the voice.
There are some measures for evaluating responses to vocal changes among disordered
populations. For example, the VHI (Jacobsen et al., 1997) is designed to measure the extent of
psychosocial impact on individuals with voice disorders. This measure captures an individual’s
subjective rating of the impact of a voice disorder to quality of life. A similar measure exists
specifically for the transsexual population to measure voice-related perceptions and experiences
(Dacakis, Davies, Oates, Douglas, & Johnston, 2013). The Transsexual Voice Questionnaire for
Male-to-Female Transsexuals (TVQ ) is a tool designed to measure perceptions of voice in
MtF
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male-to-female transsexuals. While these measures are valuable tools for measuring the
psychosocial, emotional, and quality of life impacts of a disordered or dysphoric voice, no such
measure exists to examine the extent to which an individual’s voice is congruent with the sense
of self. Perceived handicap, quality of life, and vocal impairment are all important to an
individual with a voice disorder. However, these constructs are not indicative of a sense of self
per se. Thus, there is a paucity of tools to measure sense of self in the voice disordered
population.
Models of the Bodily Sense of Self
Tsakiris (2016) noted that the bodily sense of self is gathered from multiple sensory
experiences. Interoception highlight’s an individual’s perception of internal bodily processes,
such as gastrointestinal and cardiac sensations. Interoceptive abilities may contribute to an
individual’s sense of self, independent of their environment, highlighting the stability of the
bodily sense of self. Exteroception, on the other hand, highlights an individual’s response to
external stimuli through multisensory integration. Exteroceptive experiences such as vision,
tactile input, and audition allow an individual to perceive and adapt to their environment, and
therefore, exteroceptive ability may reflect a malleable sense of self.
Interoception. As previously mentioned, interoception is an individual’s ability to
perceive the body’s current physiological state, or body awareness (Tsakiris, 2016). A common
means by which to measure interoceptive ability is through cardiac awareness as measured by a
heartbeat detection task (Schandry, 1981; Tsakiris et al., 2011; Garfinkel et al.). Schandry (1981)
used this task to examine the relationship between visceroception (or interoception), and
emotional experience. In this study, 39 participants (16 female, 23 male) between the ages of 1840 completed a heartbeat detection task. Participants recorded perceived number of heartbeats
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during a specified interval while EKG was used to measure actual number of heartbeats during
each interval. Participants also completed the State-Trait Anxiety Inventory-X1 (STAI-X1;
Spielberger, Gorsuch, & Lushene, 1970) and the Freiburger Persönlichkeits-Inventar-FPI
(Fahrenberg, Selg, & Hampel, 1978), a personality inventory widely used in Germany. Skin
conductance and respiration rate were also monitored to track autonomic arousal. After data
collection participants’ performance on the heartbeat detection task guided the formation of two
groups: a high visceral perception group and a low visceral perception group. Results show that
the two groups did not differ in heart rate, but rather the high heartbeat perceivers scored
significantly higher in State Anxiety on the STAI-X1 and Emotional Liability on the FPI,
suggesting that visceroception plays a role in emotional experience.
Clarifications and terminology in interoception. As can be seen in the previously
discussed literature, terminology surrounding the concept of interoception has varied. Some
studies refer to interoceptive awareness or visceroception, while others describe interoceptive
sensitivity, sensibility, or accuracy. Many early studies use some or all of these terms
interchangeably. As the research has progressed, however, it has become apparent that
interoception is a multifaceted construct. A recent study by Garfinkel, Seth, Barrett, Suzuki, and
Critchley (2014) aimed to clarify and differentiate among these facets so that they are better
understood and more widely standardized in the literature. In this study, Garfinkel et al. provide
empirical support for defining three dimensions of interoception: (1) interoceptive accuracy, an
objective behavioral measure of an individual’s performance on an interoceptive task, such as the
heartbeat awareness task; (2) interoceptive confidence, a subjective self-report measure of how
accurately an individual thinks they performed an interoceptive accuracy task; and (3)
interoceptive awareness, which refers to the overall correspondence between confidence and

9

accuracy, defined by Garfinkel et al. as a “metacognitive awareness of interoceptive accuracy”
(p. 66).
Exteroception. The exteroceptive self, or one’s ability to integrate external stimuli, has
been investigated using body illusions. The Rubber Hand Illusion, as tested by Botvinick and
Cohen (1998), has become a staple in the self-perception literature. In this experiment, ten
participants were each seated with the left hand resting on a table. A screen was placed in front
of each participant so that the hand was obstructed from view, and a rubber model of a left hand
was placed in front of them. As the participant fixed their eyes on the rubber hand, an
experimenter brushed the rubber hand and the real hand synchronously with a small paintbrush.
Following this task, each participant completed a questionnaire that evaluated how they
experienced the illusion. Participants reported experiencing the sensation of touch on the in-view
rubber hand, rather than the out-of-view real hand. Participants also reported a feeling of the
rubber hand belonging to themselves. In a second experimental task, participants performed the
previous experimental task, but this time a proprioceptive judgement task was added. Before and
after the experimental task, participants judged the location of the index finger of their own left
hand which was out of view. Participants’ perceptual judgements showed a significant drift
toward the rubber hand from their out-of-view real hand. These results suggest that selfperception must include multi-sensory integration processes, in this case the integration of
vision, touch, and proprioception.
Interoceptive-Exteroceptive Relationship. As previously shown by Botvinick and
Cohen (1998), body awareness is closely linked to self-identity. The extent to which
exteroceptive representations (by way of multisensory integration) influence interoceptive
awareness remains under investigation. An experiment by Tsakiris and colleagues (2011)
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examined this relationship by subjecting 46 healthy female participants to an interoceptive task
and an exteroceptive body illusion. Participants performed a heartbeat detection task (consistent
with Schandry, 1981) to determine levels of interoceptive accuracy. They underwent the Rubber
Hand Illusion, which included measures of proprioceptive judgement and skin temperature
before and after each induction. Results of the proprioceptive judgement task indicated that
individuals with high interoceptive accuracy performed more accurate proprioceptive
judgements of the location of their real out-of-view hand. Conversely, those with low
interoceptive accuracy had a greater decrease in skin temperature of their real hand during the
illusion. As would be predicted, changes in skin conductance measures also correlated with
reduced skin temperature. The reduction of body temperature in the real hand in the low
interoceptive accuracy group suggests that a changes or disruptions in body ownership (or the
sense of self) are accompanied by changes in the homeostatic regulation of the body. It also
suggests that those with low interoceptive ability may more quickly switch ownership of their
own bodies to integrate multisensory information, particularly exteroceptive sensory
information.
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Purpose
The common themes of the sense of self as defined through interoception and
exteroception and as observed in patients who have difficulty with self-identification after voice
changes begs the question about how an individual’s perception of voice may inform the sense of
self. Voice production is a multi-sensory act including both interoceptive and exteroceptive
processes (e.g. feelings of oral vibrations as compared to hearing oneself or reacting to external
cues during voice production), and is thus undoubtedly linked to the sense of self and sense of
body awareness in a complex way. However, many questions remain about the multisensory
processes of vocal production and how these sensations may influence body ownership and the
sense of self. To what extent do interoceptive or exteroceptive processes during voice production
influence the sense of self? Will those who have high interoceptive awareness experience the
sense of self differently because they are not relying as much on exteroceptive input?
The purpose of this study is to determine if interoceptive awareness predicts and
individual’s perception of voice congruence. We hypothesize that higher levels of interoceptive
awareness will predict a higher level of voice congruence than lower levels of interoceptive
awareness because they will not rely on external cues to determine vocal identity. This seems
reasonable given that those who might have poor vocal congruence often complain that their
voice does not reflect their sense of self.
The voice is an integral part of the self, but largely overlooked in the literature of selfperception and body awareness. Conversely, how an individual’s sense of self is affected by a
disordered voice is significantly lacking from the vocal literature. A better understanding of the
relationship between the voice and the self will be an invaluable contribution to research and
clinical practice alike. Studies in this area may help identify individuals who require more
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support in behavioral voice therapy and better inform how therapy is approached in clinical
settings. It might also direct therapy to address increasing interoceptive awareness, which could
support long-term vocal change. It will likely provide implications in the appropriate use of
counseling techniques, the proper course and implementation of treatment, and expectation
management for the disordered voice patient. In addition, this research may pose implications
not only to those with voice disorders and voice dysphoria, but also singers, actors, and other
professional voice users.
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Methods
This study used a quasi-randomized experimental design with a within participant
reversal paradigm. All groups were exposed to all stimuli. Approval from the Institutional
Review Board of the University of Memphis was obtained.
Participants
Participants for this study were members of the greater Memphis community and
included students from the University of Memphis. Participants were recruited via word-ofmouth, flyers distributed throughout the University of Memphis and the greater Memphis
community, and through University of Memphis SONA-Systems. Participants were between the
ages of 19-59 years old. Inclusion criteria included the following. Participants had normal,
healthy voices as determined by a score below 11 on the VHI (See Appendix A; Jacobsen, et al.,
1997). The VHI, a 30-item self-rating questionnaire, measures the functional, emotional, and
psychological effects of voice in an individual’s daily life. This measure was used to rule out any
participants experiencing a voice disorder and also served as an initial measure of overall impact
of voice in daily life. Participants were fluent and literate in the English language, which was
determined through self-report. Exclusion criteria were the following: singers, actors,
professional voice users, individuals with structural or neurological impairments to the speech
mechanism, and individuals experiencing gender dysphoria as determined through self-report.
Measures
Independent measures included a measure of interoceptive awareness for group
identification and a Speaking Task and a Listening to serve as experimental stimuli. The
dependent measure was an informal Voice Congruence Scale (VCS). Additional behavioral,
psychometric, and physiological measures served as manipulation controls to assist in post hoc
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analysis of the data. The behavioral control task was a Fundamental Frequency Matching Task.
Psychometric measures included the Positive Affect Negative Affect Schedule (Watson, Clark,
and Tellegen 1988), the State-Trait Anxiety Inventory for Adults (Spielberger, Gorsuch,
Lushene, and Jacobs, 1983) and the Multidimensional Personality Questionnaire-brief-form
(Patrick, Curtin, and Tellegen, 2002). The physiological measure was heart rate variability,
measured via ECG (Bradley and Lang, 1994). See Table 1 (p. 57) for a reference list of
measures.
Independent measures. Independent measures included an interoceptive awareness
measure to determine group membership and a Speaking Task and a Listening Task to serve as
experimental stimuli.
Group identification: interoceptive awareness. Two groups were identified based on
level of interoceptive awareness. Interoceptive awareness was determined using the heartbeat
detection task to obtain a measure of interoceptive accuracy and an interoceptive confidence
judgement obtained through participant self-report.
Heartbeat detection task. The heartbeat detection task (Schandry, 1981) was used to
obtain measures of heart rate, which assisted in determining participants’ interoceptive accuracy
scores. This task was monitored and measured via electrocardiography (ECG). ECG records the
electrical activity of the heart during a specified time period. Prior to the experimental task,
electrodes were placed on the dorsal and ventral portions of the forearm in accordance with
conventions set forth by Fridlund and Cacioppo (1988). To determine heart rate, a beats per
minute (BPM) measurement was obtained from the ECG signal by totaling the R-wave spikes of
the normal sinus rhythm during a specified duration. Once heart rate was determined for the
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specified durations, this measure was compared to participants’ self-report of perceived number
of heart-beats within three specified durations.
During the heartbeat detection task, the participant perceptually counted his or her
heartbeats in four different trials for specific time durations: 15, 25, 35, and 45 s, using the
method set forth by Schandry (1981). The first 15 s duration served as a blind training trial. The
researcher provided start and stop cues indicating the time parameters for each duration, but the
specific time durations were blind to all participants. After each duration, the researcher recorded
the participant’s perceived number of heartbeats.
Participant estimations of their heart rate were compared with the ECG output to
establish their accuracy score. This analysis provided an average interoceptive accuracy score for
each participant. Calculation of this score is based on the transformation used by Tsakiris et al.
(2011). Accuracy was calculated as the mean score of three counting durations. The formula for
calculating the interoceptive accuracy score is as follows:

(1)
where recorded heartbeats refers to the number of R-wave pulses recorded in each duration and
perceived heartbeats refers to the number of perceived heartbeats reported by participants after
each duration. This calculation yielded a score between zero and one, indicating an accuracy
percentage, with higher scores indicating higher accuracy, and lower scores indicating lower
accuracy (Tsakiris et al., 2011).
Interoceptive confidence judgement. Interoceptive confidence judgements were gathered
to confirm the interoceptive awareness score. The interoceptive confidence judgement is the
participant’s self-report of their performance on the heartbeat detection task (Garfinkel et al.,
2014). This measure was obtained immediately following the heartbeat detection task. The
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participant was asked by the researcher, “How accurately do you think you performed this task?”
The participant provided their confidence judgement in the form of a percentage, and the
researcher recorded the percentage to later be compared to the individual’s interoceptive
accuracy score.
Calculating interoceptive awareness. During post hoc analysis, interoceptive awareness
was determined using the interoceptive accuracy and interoceptive confidence judgement scores.
The formula for determining interoceptive awareness is as follows:
(2)
where accuracy refers to the individual’s interoceptive accuracy score, calculated as a
percentage, and confidence reported as a percentage of perceived accuracy. This calculation
yields a score between zero and one, with scores closer to zero indicating higher interoceptive
awareness and scores closer to one indicating lower interoceptive awareness.
Stimuli. Stimuli included a Speaking Task and a Listening Task which served as a
reference for participants to complete the VCS and the PANAS.
Speaking Task. Participants completed a Speaking Task during the experiment that
included both reading and spontaneous speech. The reading task included six sentences from
Consensus of Auditory Perceptual Evaluation- Voice (CAPE-V; Kempster, Gerratt, Abbott,
Barkmeier-Kraemer, and Hillman, 2009) and the first paragraph of the Rainbow Passage
(Fairbanks, 1960). These passages were chosen because they are standard and widely used in
both research and clinical settings. A spontaneous speech task was also used. Spontaneous
speech was elicited by having each participant retell a narrative in his or her own words based on
a picture scene (See Appendix B). The picture scene, taken from Nicholas and Brookshire (p.
346; 1993), was chosen based on the interactive nature of the content of the picture scene. The
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purpose of the picture scene and accompanying narrative for the spontaneous speech task was to
reduce variability in vocabulary across participants while maintaining the spontaneous nature of
the task.
The Speaking Task served two purposes. During the experiment, it was used as a
reference for participants to complete the VCS and the PANAS. Additionally, the Speaking Task
was audio-recorded by the researcher. The purpose of the audio-recording was to serve as the
stimuli for the listening task for the participant later in the experiment.
Listening Task. The Listening Task consisted of participants listening to an audio
recording of their own voice performing the previous Speaking Task. The previously recorded
Speaking Task were replayed to the participant free field via two speakers (BOSE Companion 2
Series III) placed to their left and right at a controlled distance of two feet equidistant from either
ear. The recording was played at a comfortable loudness level verified by the participant. This
listening task served as a reference for the participants to complete the VCS and the PANAS a
second time.
Dependent measures. The dependent measure was the VCS. It was completed twice,
once following the Speaking Task, and once following the Listening Task.
Voice congruence scale. The VCS served as the dependent variable (See Appendix C).
This measure is an informal scale developed by the researchers of the current study to mark the
degree to which an individual identifies with their voice and if they believe their voice reflects
their personhood. This 10-item self-rating scale is loosely based on a self-rating questionnaire
used by Longo and colleagues (2008) during the Rubber Hand Illusion. The participant
completed the VCS during the experiment: once following the Speaking Task and once
following the Listening Task.
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Manipulation controls for post hoc analysis. We employed psychometric, behavioral,
and physiological measures to assist in post hoc analysis of the data and to provide convergent
and divergent sources of validity for research findings. Psychometric measures included the
Positive Affect Negative Affect Schedule (Watson et al., 1988), State-Trait Anxiety Index for
Adults (Spielberger, Gorsuch, Lushene, and Jacobs, 1983), and the Multidimensional Personality
Questionnaire- brief form (Patrick, Curtin, and Tellegen, 2002). A Fundamental Frequency
Matching Task (FFMT) was used as a behavioral control. Physiological measures included
electrodermal response (Lykken and Venables, 1971), or skin conductance, and heart-rate
variability (Bradley and Lang, 1994).
Positive Affect Negative Affect Schedule. The Positive Affect Negative Affect Schedule
(PANAS; Watson et al., 1988) is a 20-item self-rating scale designed to measure spontaneous
positive and negative affect (See Appendix D). Positive and negative affect motivate the extent
to which someone is pleasurable or sad, energetic or lethargic, or enthusiastic or distressed
(Watson et al., 1988). In the current study, this scale was used to determine mood states of the
participant throughout the experiment as a measure of emotional affect or arousal as a result of
the experimental tasks. The participant completed the PANAS three times during the experiment:
once at baseline during the initial intake, once following the Speaking Task, and once following
the Listening Task.
State-Trait Anxiety Index for Adults. The State-Trait Anxiety Index for Adults
(Spielberger, et al., 1983) is a 40-item self-rating scale that is used as an assessment of anxiety
and a means of distinguishing anxiety from other depressive syndromes in adults (See Appendix
E). Schandry (1981) found evidence that individuals with higher interoceptive accuracy
experienced higher levels of momentary anxiety, supporting the association between
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interoception and emotional experience. Given this evidence, this measure was used in the
current study as an additional reference to participants’ level of interoceptive accuracy.
Multidimensional Personality Questionnaire- brief form. The Multidimensional
Personality Questionnaire (MPQ) is a 155-item self-report measure designed to assess
personality ( See Appendix F; Patrick, Curtin, and Tellegen, 2002). Given the known links of
personality to factors such as behavior and genetics (Plomin and Caspi, 1999), this scale
provided the current study a means to investigate any trends in either interoceptive awareness or
voice congruence as they relate to personality constructs. This measure contains three main
factors: Positive Emotionality, Negative Emotionality, and Behavioral Constraint. The measure
contains a variety of subscales that load onto these three factors. These subscales include
Wellbeing, Social-Potency, Achievement, Social Closeness, Stress Reaction, Alienation,
Aggression, Control, Harm Avoidance, Traditionalism, and Absorption. The subscale of
Absorption was of particular interest, as it indexes individual differences in perceptual acuity and
awareness and hypnotic susceptibility.
Fundamental frequency matching task. In contrast to the interoceptive awareness
measure, we developed a Fundamental Frequency Matching Task (FFMT). In an attempt to
mirror previous research that employed a behavioral measure as a validation control, we
developed the FFMT to assess behavioral evidence of perceptual accuracy (Longo et al., 2007;
Tsakiris et al., 2011). As mentioned earlier, in the RHI, individuals were asked to rate the
vertical position of their hand in space after the experimentally controlled illusion. Investigators
found that individuals with high interoceptive accuracy scores were more accurate with their
proprioceptive judgement. Although we had no single, specific hypotheses about the FFMT, we
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developed a commensurate perceptual task specific to auditory perception of their voice to be
consistent with previous methods.
Stimuli for the FFMT consisted of pre-recorded independent human voices performing a
sustained /ɑ/ vowel. Use of a single sustained vowel minimized any prosodic or linguistic factors
that may have biased participants toward any perceptual similarities or differences to their own
voice. Stimuli were consistent with the participant’s gender. The stimuli were digitally
manipulable so that they could be adjusted according to the participant’s fundamental frequency.
Each participant’s fundamental frequency was determined by the researcher during the initial
intake phase of the experiment. Once the participant’s fundamental frequency was determined,
three stimuli were developed and subsequently presented during the FFMT. One stimulus was
50 cents above or below the participant’s fundamental frequency and be the closest Fo to the
participant. Two other stimuli were further away, one three semitones below and one three
semitones above the participant’s fundamental frequency. These stimuli served as foils. Stimuli
were counterbalanced so that half the participants’ closest stimuli were 50 cents above and the
other half are 50 cents below. Stimuli were presented in a quasi-random arrangement across
participants so that and no two orders occurred in the same trial. The participant performed the
FFMT by guessing which stimulus most closely matched the pitch of their own voice following
the Speaking Task and the Listening Task.
Heart rate variability. Heart rate variability is a physiological measure of autonomic
arousal and can be used as an indicator of potential relationships between psychological and
physiological processes (Bernston et al., 1997). We employed this measure as an autonomic
arousal measure akin to electrodermal responses that were employed in the earlier literature on
interoceptive accuracy (Schandry, 1981) that tracked autonomic arousal during perceptual and
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behavioral tasks. Hear rate, during rest or steady-state conditions, accelerates during inhalation
and decelerates during exhalation. During the inhalatory cycle, vagal breaking ceases due to
mechanical and chemical factors. During the exhalatory cycle, vagal breaking resumes. This
phenomenon is known as respiratory sinus arrhythmia (RSA) and indicates a mechanical and
chemical response to the carotid bodies. These resulting undulations account for RSA, and
higher or lower levels of variability can indicate the degree of autonomic response to a given
stimuli. High variability is indicative of healthy autonomic regulation and is associated with
lower levels of arousal. Low variability indicates steady vagal breaking, and thus indicates
greater autonomic response and increased arousal.
Heart rate variability is measured by obtaining the interbeat interval between R-wave
spikes. Variability of intervals is indicated by the standard deviation of interbeat intervals during
the durations of interest. In the current study, heart rate variability will be measured during three
conditions: a 45 s baseline heartrate duration, during a Listening Baseline task, and during the
Listening Task.
Procedures
Upon arrival to the research laboratory, participants read and signed a consent form for
participation in the experiment. Next, participants completed two forms: an informal intake form
and the PANAS. After completion of these forms, the experimenter initiated a skin test to assess
if the participant was sensitive to the electrode paste or adhesives. Next, the experimenter
assessed the participant’s English proficiency, vocal history, and vocal clarity and obtained a
fundamental frequency measure from the participant.
Upon completion of the initial intake for the experiment, the participant was seated in a
comfortable chair in a sound-treated booth. Electrodes were placed on the dorsal and ventral
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portions of the forearm for cardiac measures and on the distal and middle pads of the phalanges
of the non-dominant hand for skin conductance measures. Next, the experimenter placed a
microphone (ISOMAX, Countryman, Menlo Park, CA) on the participant’s neck at a
microphone-to-mouth distance of 10 cm and a microphone angel of 45 degrees from corner to
corner of the mouth.
Once experimental setup was complete, the participant underwent a series of tasks. The
first task was to listen to a baseline task, the CAPE-V sentences (Kempster et al., 2009) and the
first paragraph of the Rainbow passage (Fairbanks, 1960), spoken by a female. This listening
baseline included the same stimuli as the speaking and listening tasks that the participant
performed later in the experiment. The second was the heartbeat detection task (Schandry, 1981).
After each duration, the researcher recorded the number of perceived heartbeats reported by the
participant.
Next, the participant completed the Speaking Task. The participant was given a brief
duration to read the narrative and view the picture. Then they retold the narrative using the
picture as a visual reminder. During the Speaking task, the participant was audio-recorded and
the recorded data served as the stimulus for the listening task.
Once the Speaking Task was completed, the participant completed the VCS and the
PANAS. The experimenter instructed the participant to complete these scales specifically in
reference to the Speaking task they just completed. After completing the VCS and the PANAS,
the participant completed the FFMT.
Next, the participant listened to the recorded Speaking Task they previously completed.
Upon completion of the Listening Task, the participant completed the VCS and the PANAS
scale again. The experimenter instructed the participant to complete the scales specifically in
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reference to the listening task they just completed. Upon completion of these scales, the
participant completed the FFMT again (with stimuli in a new randomized order).
Completion of these tasks marked the end of experimental tasks within the sound booth.
Before full completion of the experiment, the participant completed the remaining voice and
psychometric measures, which included the STAI (Spielberger et al., 1983), the PANAS
(Watson et al., 1988), the MPQ (Patrick et al., 2002), and the VHI (Jacobsen et al., 1997). Upon
completion of these measures, the participant was thanked and escorted out of the research
laboratory.
Analysis
Two groups were created based on level of interoceptive awareness: a high interoceptive
awareness group (High IAw) and a low interoceptive awareness group (Low IAw). To address
the primary research question, scores on the VCS for the Speaking and Listening tasks were
compared between the High IAw and Low IAw groups using an independent Student’s t-test.
Additionally, scores on the psychometric measures of the PANAS, the STAI, and the
MPQ were compared between High IAw and Low IAw groups using independent Student’s ttests to guide interpretation of group membership and VCS scores. The perceptual/behavioral
measure of FFMT accuracy was also compared between the two groups using an independent
Student’s t test to verify any behavioral difference between the two groups.
Finally, to determine whether heartrate variability differed based on group or
experimental task, a mixed factorial analysis of variance (ANOVA) was conducted, Group (High
IAw, Low IAw) x Task (Heartrate Baseline, Listening Baseline, Listening Task). Group was
manipulated between subjects and task was manipulated within subjects.

24

Results
Interoceptive awareness and group assignment
Interoceptive awareness scores were determined in order to identify group membership.
Interoceptive awareness was determined using interoceptive accuracy and interoceptive
confidence judgement scores (see Methods, p. 17). According to the calculation, interoceptive
awareness scores were between zero and one, with scores closer or equal to zero indicating
higher levels of awareness and scores closer to one indicating lower levels of awareness. Of the
participant sample (N = 50), eight participants were excluded from analysis due to insufficient
data regarding the interoceptive confidence judgement score, and one participant was excluded
due to a disqualifying score on the VHI for inclusion in the study. The remaining participants (n
= 41) were sorted according to interoceptive awareness score. The mean interoceptive awareness
score of the sample was obtained (M = 0.24, s.d. = 0.16), and participants were placed in two
groups using a median split method. Thus, individuals with interoceptive awareness scores of <
0.24 comprised the High IAw group (M = 0.09, s.d. = 0.06, n = 19), and individuals with
interoceptive awareness scores of > 0.24 comprised the Low IAw group (M = 0.37, s.d. =.10, n =
22).
Interoceptive awareness and the VCS
To determine if interoceptive awareness was predictive of voice congruence, VCS scores
for the Speaking Task and Listening task were compared between High IAw and Low IAw
groups using independent Student’s t-tests. Individuals in the High IAw group reported
significantly higher VCS scores than the Low IAw group after the Speaking Task, t(39) = 2.18, p
= 0.02. Individuals in the High IAw group also reported significantly higher VCS scores than the
Low IAw group after the Listening Task, t(39) =2.53, p < 0.01. VCS scores were averaged
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between both the Speaking Task and the Listening Task. Individuals in the High IAw group had
significantly higher averaged VCS scores than individuals in the Low IAw group, t(39)=2.66, p
< 0.01. See Table 2 (p. 58) for results.

Figure 1. Voice Congruence Scale scores between High IAw and Low IAw groups. VCS 1 was
completed following the Speaking Task and VCS 2 was completed following the Listening Task.

Interoceptive awareness and the PANAS
To verify that mood was not a factor in determining vocal congruence, the High IAw and
Low IAw groups were compared on the PANAS at baseline, after the Speaking Task, and after
the Listening Task using independent t-tests. There was no significant difference on PANAS
scores between groups at baseline, t(40) = 1.48, p = 0.14, after the speaking task, t(40) = 1.10, p
= 0.28, or following the listening task, t(40) = 1.48, p = 0.15. Scores were also compared within
groups from baseline to each of the experimental conditions. In the High IAw group, there was
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no significant difference in PANAS scores from baseline to the Speaking Task, t(36) =-0.31, p =
0.76, or from baseline to the Listening Task, t(34) = -0.34, p = 0.73. In the Low IAw group, there
was no significant difference in PANAS scores from baseline to the Speaking task, t(44) = -0.42,
p = 0.67, or from baseline to the Listening Task, t(44) = 0.16, p = 0.87. See Table 3 (p. 59) for
results.
Interoceptive awareness and the STAI
In consistency with methods of Schandry (1981) and to investigate if vocal congruence is
related to anxiety traits, scores on the STAI were compared between the High IAw and Low IAw
groups using independent t-tests. There was no significant difference in State Anxiety scores
between the High IAw and Low IAw groups, t(40) = -0.30, p = 0.76. There was no significant
difference in Trait Anxiety between High IAw and Low IAw groups, t(40) = -0.57, p = 0.56.
STAI scores were also compared within groups. The High IAw group scored significantly higher
in Trait Anxiety than State Anxiety, t(36) = 0.-1.75, p = 0.04, and the Low IAw group also
scored significantly higher in Trait Anxiety than State Anxiety, t(44) = -2.02, p = 0.02.
Differences in State Anxiety and Trait Anxiety were compared for the entire participant sample.
The entire sample scored significantly higher in Trait Anxiety than State Anxiety, t(82) = -2.69,
p < 0.01. See Table 4 (p. 60) for results.
Interoceptive awareness and the MPQ
To investigate interoceptive awareness and personality constructs, the High IAw and Low
IAw groups were compared using independent t-tests on scores of the three main factors of the
MPQ: Positive Emotionality, Negative Emotionality, and Behavioral Constraint. Scores were
also compared on all subscales of the MPQ that load onto these three factors. Results of the three
main factors were the following: individuals in the High IAw group scored significantly higher
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in Positive Emotionality than individuals in the Low IAw group, t(39) = 1.83, p = 0.03; there was
no significant difference between groups in Negative Emotionality, t(39) = -0.37, p = 0.35; and
there was no significant difference between groups in Behavioral Constraint, t(39) = 0.33, p =
0.37. Scores on subscales of the MPQ were compared between High IAw and Low IAw groups.
Specific attention was given to the subscale of Absorption, which does not load onto the super
factors, but is related to perceptual sensitivity. Individuals in the High IAw group scored
significantly higher in Absorption, t(39) = 1.73, p = 0.05. In addition, individuals in the High
IAw group scored significantly higher in Wellbeing, t(39) = 2.54, p = 0.02 and Achievement,
t(39) = 1.75, p = 0.04 which load onto the Agentic Positive Emotionality trait (the sense of
positivity inherent within one’s self; Patrick et al., 2002). There was no significant difference
between groups on the remaining subscales of Social Potency, t(39) = 1.10, p = 0.27, Social
Closeness, t(39) = 0.55, p = 0.58, Stress Reaction, t(39) = -1.24, p = 0.22, Alienation, t(39) =
0.32, p = 0.75, Aggression, t(39) = -0.48, p = 0.63, Control, t(39) = -0.15, p = 0.88, Harm
Avoidance, t(39) = 0.39, p = 0.69, or Traditionalism, t(39) = 0.68, p = 0.50. See Table 5 (p. 61)
for results and Appendix G (p. 56) for the MPQ scoring rubric and norms.
Interoceptive awareness and the FFMT
In order to employ a similar behavioral control as that of the perceptual judgment task in
the RHI (Tsakiris et al., 2011), participants’ accuracy on the FFMTs were compared between
High IAw and Low IAw groups. There was no significant difference between High IAw and
Low IAw groups in the FFMT following the Speaking Task, t(39) = -0.08, p = 0.47, or the
FFMT following the Listening Task, t(39) = 1.38, p = 0.17. Accuracy on the FFMT was also
compared within groups between the Speaking Task and the Listening Task. In the High IAw
group, there was no significant difference in FFMT accuracy scores between the Speaking Task
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and the Listening Task, t(36) = 0, p = 0.50. In the Low IAw group, there was no significant
difference in FFMT accuracy scores between the Speaking Task and the Listening Task, t(22) =
1.73, p = 0.10. See Table 6 (p. 62) for results.
Interoceptive awareness and heartrate variability
To determine whether heartrate variability differed based on group or experimental task,
a mixed factorial analysis of variance (ANOVA) was conducted, Group (High IAw, Low IAw) x
Task (Heartrate Baseline, Listening Baseline, Listening Task). There were no significant main
effects of Task or Group, F(1, 29) = 0.76, p = 0.48. There was also not a significant interaction
effect between Task and Group, F(1, 29) = 1.52, p = 0.24. Thus, heart rate variability did not
differ between Task or by Group. See Table 7 (p. 63) for results.

Figure 2. Heartrate variability Task x Group.
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Discussion
The current study sought to investigate the relationship between the voice and the sense
of self through interoceptive awareness. While previous bodies of literature have explored
concepts of embodiment, body awareness, the voice, and the sense of self separately, the current
study is one of the first to explore how these systems might interact by investigating the
relationship between interoceptive awareness and voice congruence. In the population
investigated there appeared to be a relationship between interoceptive awareness and selfreported vocal congruence. Results suggest implications for a variety of voice-related
populations and pose questions for future research.
Main Findings
Interoceptive awareness and voice congruence. In considering the primary research
question “does interoceptive awareness predict voice congruence,” the current study found that
individuals in the High IAw group reported significantly higher VCS scores than individuals in
the Low IAw group. Findings were congruous with the original hypothesis, and, while this is the
first study to investigate the relationship between interoception and voice congruence, findings
were consistent with previous studies investigating interoceptive relationships (Bickford et al.,
2013; Longo et al., 2008; Schandry, 1981; Tsakiris et al., 2011). However, there are some
notable differences in the current study with previous studies. The first notable difference is that,
in the current study, it was interoceptive awareness that was predictive of voice congruence,
rather than interoceptive accuracy. This finding is somewhat different than that of previous
studies. Earlier studies by Schandry (1985) and Tsakiris et al. (2011) use the measure of
interoceptive accuracy, which considers the individual’s behavioral performance on an
interoceptive task. It was this behavioral ability that was shown to predict various anxiety and
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personality traits (Schandry, 1981) and physiological phenomena (Tsakiris et al., 2011). The
current study found that it was not necessarily the behavioral ability but the insight of the ability
that predicted vocal congruence.
When concepts of interoception are applied to the voice, why might awareness be a more
accurate predictor of voice congruence than accuracy? Garfinkel et al. (2015) describe
interoceptive awareness as “a metacognitive awareness of interoceptive accuracy” (p. 65). Voice
production requires multiple physiological, psychological, and cognitive systems to function and
coordinate simultaneously. Perhaps metacognition (vs. behavior) is important and a more
appropriate construct to investigate such a multifaceted, complex system.
Supplementary Findings
Interoceptive awareness and mood. Supplementary findings from psychometric and
physiological measures served to guide further interpretation of findings of the primary research
question. First, the PANAS scale was used to monitor mood states throughout experimental
tasks. Results indicated that mood did not significantly differ between High IAw and Low IAw
groups, nor did mood significantly differ within groups across experimental tasks. Results from
the PANAS also showed that an individual's mood did not seem to influence their level of voice
congruence. These findings provide a source of divergent validity for the VCS, in that
differences in voice congruence were not related to or modulated by differing mood states. These
findings also provide evidence that voice congruence is a separate construct from that of mood
and is not necessarily immediately affected by changes in spontaneous positive or negative
affect.
Interoceptive awareness and anxiety. We investigated potential relationships in
interoception and anxiety traits, consistent with the methods of Schandry (1981), by comparing
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High IAw and Low IAw groups on the STAI. Results from the current study are in contrast with
Schandry’s findings, who found that individuals higher in interoceptive accuracy scored higher
in State Anxiety. In the current experiment, the entire sample scored higher in Trait Anxiety than
State Anxiety. It is difficult to deduce why the sample is so unequally skewed on this particular
scale. First, the current experiment used the measure of awareness where Schandry used the
measure of interoceptive accuracy. This difference in methodologies might partially account for
these differences. Another potential factor could be the homogeneity of the participant sample.
The majority of participants were undergraduate and graduate college students, which might
account for higher levels of Trait Anxiety. Otherwise, it is difficult to explain this finding.
However, while the entire participant sample was higher in Trait Anxiety, High IAw and Low
IAw groups did not differ significantly in either State or Trait Anxiety, suggesting that anxiety
traits were not a factor in level of interoceptive awareness. It should be noted that neither group
scored in a pathologically high range for Trait Anxiety. Because this measure is designed to
assess a psychopathology, it is entirely reasonable that it might not accurately measure anxiety in
a normal population.
Interoceptive awareness and personality. The MPQ was used to investigate group
differences in personality traits. Previous research has suggested that there are some personality
differences that may make certain individuals more susceptive to voice disorders. (Roy, Bless, &
Heisey, 2000; van Mersbergen, 2011), thus it appeared necessary to investigate personality when
considering the voice and the sense of self. In the current study, individuals in the High IAw
group scored higher in the broad trait of Positive Emotionality and on the primary traits of
Absorption, Wellbeing, and Achievement. The primary traits of Wellbeing and Achievement
load onto the broad trait of Agentic Positive Emotionality. Individuals scoring high in Wellbeing
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are described as “having a cheerful, happy disposition; feeling good about themselves,” and
individuals scoring high in Achievement are described as “hard working, self-driven, driving
themselves; enjoying working hard; welcoming difficult and demanding tasks” (Tellegen &
Waller, 2008). These two scales are internally driven, that is, how an individual feels about
themselves introspectively (as opposed to the primary traits of Social Potency and Social
Closeness, which are communal traits driven by external social experiences; Patrick et al., 2002).
It makes sense, then, that individuals with high interoceptive awareness might exhibit higher
scores on these internally driven scales.
Individuals in High IAw group also scored higher in the subscale of Absorption than
individuals in the Low IAw group. Individuals high in absorption are described as “being very
open to self-involving sensory experiences; experiencing episodes of expanded awareness”
(Tellegen & Waller, 2008). This definition of absorption appears to align with our understanding
of interoception, thus it makes sense that individuals with higher interoceptive accuracy might
score higher in this trait. Despite the fact that those higher in interoceptive awareness might not
necessarily be more accurate, having “expanded awareness” might make one more aware of
inherent abilities, thus confirming our predictions.
While group differences were found in the scales mentioned above, neither group scored
in the ‘high’ range based on the norms for each of these scales. In fact, the means of the two
groups both fell within the average range on all scales of the MPQ (refer to Tables 5 and
Appendix G). Much like the results of the STAI, results should be interpreted with caution.
Results do not to suggest that individuals with higher interoceptive awareness are also high in
these personality traits or that individuals with low interoceptive awareness are low in these
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personality traits. The results simply showed that individuals in the High IAw group scored
significantly higher in the aforementioned scales than the Low IAw group.
Interoceptive awareness and autonomic arousal. Measures of heartrate variability
were used to determine whether heartrate variability differed based on group or experimental
task. The current study found no significant difference in heartrate variability between the High
IAw or Low IAw groups or within groups between experimental tasks. Previous studies of
interoception have found similar results in that participants did not differ in heartrate, but rather
their ability to perceive heartbeats (Schandry, 1981), suggesting that individuals did not differ
significantly in their physiology, but rather their perception or awareness of their bodily
physiology. The current study found that High IAw and Low IAw groups did not differ in the
physiological measure of heartrate variability, but rather their awareness of their ability to
perceive their heartbeats. However, findings do differ somewhat in that Schandry (1981) found
autonomic arousal differences in individuals with high interoceptive accuracy in electrodermal
responses. We did not find elevated arousal measures in our study. This could be due to the
difference in the measures of autonomic arousal (electrodermal responses vs. heart rate
variability).
Implications for Clinic
Measures of perceived handicap. Findings of the current study may be of interest in
clinical settings, research projects, and voice training. First, a better understanding of an
individual’s voice congruence may inform clinicians and voice-trainers how or where to begin
the therapeutic or training process. Insight into an individual’s level of voice congruence could
provide valuable information to the clinician in how the patient identifies with their voice,
thereby measuring a facet of impairment more accurately. This knowledge could also provide
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insight into the patient’s perceived impact of the voice disorder, independent of severity or
etiology.
Voice perception can differ among individuals based on a variety of factors (Badcock and
Saruchi, 2013; Bultynck et al., 2017; McGettigan, 2015; Renk et al., 2017; Rohas et al., 2017).
Severity of a voice disorder is not necessarily predictive of its perceived impact on an
individual’s self-construct or daily life. For example, one voice-disordered patient may have a
severe organic voice disorder, but perceive the impact of the disorder on the individual’s life as
marginal; while another voice-disordered individual with a less severe prognosis may perceive
the impact of the disorder as monumental in the individual’s daily life and on their sense of self.
Obviously, there are multiple and complex factors that might contribute to an individual’s
perceived impact of their voice problem. It appears as though vocal congruence might be one
such factor. Understanding a patient’s perceived congruence level with their voice and how it
might affect their self-construct could provide valuable insight to the clinician.
The VCS was developed for this study to serve as a measure of the congruence between
an individual’s external presentation of the voice and the internal construct of the sense of self.
While this novel scale is currently unvalidated, a scale of this nature could be of great use in
clinical settings. As mentioned above, insight into an individual’s perception of their voice and to
what extent it is reflective of their sense of self could be of great use to clinicians. The VCS
could serve as a valuable measure of this construct. It could also be used as a tool to track one
aspect of a patient’s progress throughout treatment.
Therapy guidance. This line of research may also be valuable in clinical practice in
determining the proper course of treatment for voice-disordered patients. A better understanding
of the relationship between the voice and interoceptive and exteroceptive abilities could aide
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clinicians in choosing therapies that appropriately align with patient abilities. For example,
individuals with more heightened interoceptive abilities may be more successful with therapeutic
treatments that focus on internal bodily sensations and awareness, such as Lessac Madsen
Resonant Voice Therapy (Verdolini Abbot, 2004). In contrast, individuals who are more
exteroceptively driven may benefit from therapies that incorporate external stimuli, such as
biofeedback, external cueing strategies, etc. More evidence is needed to understand how
interoceptive and exteroceptive abilities may inform treatment outcomes. However, findings
from the current study and previous studies from the embodiment literature suggest that
individuals possess various interoceptive and exteroceptive abilities that may inform how the
voice and the sense of self interact, which could potentially inform the most appropriate and
efficacious treatment approaches.
Limitations
The current study had several limitations of note. This this was a pilot study, the first to
investigate the potential relationships between interoception and voice congruence. We
attempted to be consistent with previous methods of the embodiment literature, while also
creating novel tasks and stimuli that were specific to the voice in order to answer our specific
research question. Currently, we lack a sufficient behavioral control consistent with the
perceptual judgement control of previous studies (Longo et al., 2008; Tsakiris et al., 2011). The
FFMT was originally intended to serve as a voice-specific perceptual judgement control. While
we did not have a single, specific hypothesis regarding the FFMT, our findings were not
consistent with findings of the perceptual judgement tasks of previous studies.
The current study also failed to employ an exteroceptive task to counter the interoceptive
task. Tsakiris et al. (2011) were able to suggest an inverse relationship between interoceptive and
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exteroceptive abilities by exposing participants to both interoceptive and exteroceptive tasks (the
heartbeat detection task and the RHI, respectively). The current study did not employ an
exteroceptive task, thus the interaction between interoception and exteroception specific to the
voice is still unknown.
A final notable limitation of the study is that one of the primary measures used was a
novel, unvalidated measure. The main dependent measure was the informal VCS. While results
suggested preliminary evidence of both convergent and divergent validity of the VCS, however
the scale has yet to be validated, and there are no norms on which to reference findings of the
current study.
Future Directions
To clarify some of the limitations of this study, future work should seek to adapt
methodologies to more accurately define and investigate the topics in question. The current study
was unable to create a sufficient behavioral control to that of the perceptual judgement control of
previous studies. Future studies should seek to develop more appropriate, voice-specific methods
for evaluating perceptual judgement. Also, the current study did not employ an exteroceptive
task to counter the findings of interoceptive awareness. Future studies should develop and
employ a voice-specific exteroceptive task to further define, clarify, and validate the
interoceptive-exteroceptive relationship and their associations to the voice. Finally, one of the
primary measures used in the study was the VCS, an informal, unvalidated scale. Future studies
should provide further validation of the scale on clinical populations, which will expand the
potential for its use in clinical and research settings.
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Conclusion
This pilot study provided compelling evidence for relationships between the voice and
the sense of self through interoceptive awareness. Future research is needed to further clarify and
validate interoceptive and exteroceptive relationships and their association with voice
congruence. Future studies may also seek to apply these methods to specific clinical and
professional voice-related populations. A better understanding of how both exteroception and
interoception relate to the voice will provide a more vivid picture of the relationship between the
voice and the sense of self, which poses compelling implications to clinicians, researchers,
professional voice users, and voice-disordered individuals.
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Appendix A
Voice Handicap Index

45

Appendix B
Picture Scene and Narrative
Emma’s cat, Snickers, has been chased up a tree by the neighbor’s dog, Rufus. Her father tried
to climb up to retrieve Snickers, but got stuck himself. Now the fire department is on the way to
help Snickers and Emma’s father out of the tree.
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Appendix C
Voice Congruence Scale
Please answer the questions below in reference to the task you just performed. Circle the response that
most closely reflects your experience:
0 - Strongly Disagree 1 - Disagree 2 - Neutral 3 - Agree 4 - Strongly Agree

In the speaking task I just performed…
1

… it seemed like my voice belonged to me.

2

Strongly Disagree ⟵

0

1

2

… it seemed like my voice was functioning as it normally does.

0

1

3

… it seemed like my voice reflected who I am.

0

4

… it seemed like I was in control of my voice.

5

⟶ Strongly Agree
3

4

2

3

4

1

2

3

4

0

1

2

3

4

… I am satisfied with how my voice sounded.

0

1

2

3

4

6

… I was thinking about the way my voice sounded.

0

1

2

3

4

7

… I feel as though my voice sounded clear.

0

1

2

3

4

8

… I feel as though I was speaking in a way that I was easily understood.

0

1

2

3

4

9

… I feel as though my voice accurately reflected my mood.

0

1

2

3

4

0

1

2

3

4

10 … I feel as though my voice reflected my gender.
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Appendix D
Positive Affect Negative Affect Schedule
This scale consists of a number of words that describe different feelings and emotions. Read each
item and then mark the appropriate answer in the space next to that word.
Indicate to what extent you have felt like this in the past few hours. Use the following scale
to record your answers.
Very slightly or
not at all
1

A little

Moderately

Quite a bit

Extremely

2

3

4

5

Interested

_____

Guilty

_____

Irritable

_____

Determined

_____

Distressed

_____

Scared

_____

Alert

_____

Attentive

_____

Excited

_____

Hostile

_____

Ashamed

_____

Jittery

_____

Upset

_____

Enthusiastic

_____

Inspired

_____

Active

_____

Strong

_____

Proud

_____

Nervous

_____

Afraid

_____

To score this scale first have a look yourself and see if you can decide which of the 20 questions
are positive and which are negative. Check your own judgement with the list below. Then add
your scores for the 10 positive words and separately for the 10 negative words. Now you have
your positive and negative scores. The scores generated will vary along the scale of 10 – 50, with
lower scores indicating low (positive or negative) affect and higher scores indicating high
(positive or negative) affect.
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Appendix E
State Trait Anxiety Inventory
STAI Form Y-1
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STAI Form Y-2
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Appendix F
The Multidimensional Personality Questionnaire- brief form
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52

53

54
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Appendix G

MPQ Scoring Ruberic
Broad trait
PEM
NEM
CON
Subscale
Wellbeing
Social Potency
Achievement
Social Closeness
Stress Reaction
Alienation
Aggression
Control
Harm Avoidance
Traditionalism
Absorption

Mean
67.6
34.9
85.3
Mean
8.7
4.8
7
7.8
5.6
1.5
2.5
8.5
8.7
8.3
5.5

SD
14.7
14.6
14.5
SD
2.9
3.6
3.1
3.2
3.5
2.3
2.4
2.6
2.8
2.9
3.1
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Low Score
52.9
20.3
70.8
Low Score
5.8
1.2
3.9
4.6
2.1
-0.8
0.1
5.9
5.9
5.4
2.4

High Score
82.3
49.5
99.8
High Score
11.6
8.4
10.1
11
9.1
3.8
4.9
11.1
11.5
11.2
8.6

Table 1
Overview of Measures
Measure
Independent Meausres
Interoceptive Awareness

Speaking Task

Listening Task

Purpose

Citation

Determined by accuracy on the heartbeat
detection task and the interoceptive
confidence judgement; used to determine
group identification, and then compared to
individuals' level of vocal congruence
Consisted of a reading and spontaneous
speech task; served as a reference for
participants to complete the VCS and
PANAS scales; speaking task was
recorded and served as the stimuli for the
liPre-recorded
i
k speaking tasks played back to

Schandry, 1981;
Tsakiris et al.,
2011; Garfinkel
et al., 2014

the participant; served as an external stimuli
for participants to reference to complete the
VCS and PANAS
Dependent Measure
Voice Congruence Scale

Manipulation Controls
FFMT
Electrodermal Response
Heartrate variability
PANAS

STAI

Self-rating questionnaire assessing to what loosely based on
degree an individual's voice is congruent
Longo et al.,
with his or her sense of self. Completed
2008
after the speaking task and after the
listening task
Tsakiris et al.,
2011
Measure of autonomic orientation and
Lykken and
arousal; used in conjunction with HR
Venables, 1971
Measure of autonomic orientation and
Bradley and
arousal; used in conjunction with EDR
Lang, 1994
Self-rating measure of spontaneous positive Watson et al.,
and negative affect; used to monitor mood 1988
states throughout experimental treatments.
Behavioral control to an external stimuli

Assessment of anxiety; reference of
emotional experience and interoceptive
awareness.
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Spielberger et al.,
1983

Table 2
VCS Scores Between High and Low Interoceptive Awareness Groups
High IAw
( n = 19)
VCS 1*
VCS 2**
AVG

M
43.3
43.7
43.5

Low IAw
(n = 22)
SD
5.1
5.3
4.5

M
39.1
38.6
38.9

*VCS 1 scores were scored in reference to the Speaking Task.
** VCS 2 scores were scored in reference to the Listening Task.
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SD
6.9
7.2
6.3

t

p

2.2
2.5
2.7

0.018
0.008
0.006

Table 3
PANAS Scores Between High and Low Interoceptive Awareness Groups
High IAW
( n = 19)
PANAS B*
PANAS 1**
PANAS 2***

M
3.87
3.92
3.93

Low IAw
(n = 22)
SD
0.16
0.30
0.35

M
3.68
3.74
3.66

SD
0.17
0.24
0.32

*PANAS scores obtained at baseline during the initial intake phase.
**PANAS scores obtained immediately following the Speaking Task
***PANAS scores obtained immediately following the Listening Task.
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t

p

1.48
1.10
1.48

0.14
0.28
0.15

Table 4
STAI Scores Between High and Low Interoceptive Awareness Groups
High IAw
( n = 19)
M
SD

Low IAw
(n = 22)
M
SD

Entire Sample
(n = 41)
M
SD

t

p

STATE

34.32

94.12

35.30

128.95

34.86

110.76

1.48 0.14

TRAIT

41.00

182.78

43.70

266.68

42.48

225.18

1.10 0.01
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Table 5
MPQ Scores Between High and Low Interoceptive Awareness Groups
High IAW
( n = 19)

Low IAw
(n = 22)

t

p

M

SD

M

SD

PEM

73.53

283.15

63.59

316.16

1.83

0.04

NEM

39.74

292.98

41.77

318.56

-0.37

0.36

CON

75.84

223.70

74.36

185.48

0.33

0.37

Wellbeing

9.26

5.87

6.95

10.62

2.54

0.01

Social Potency

6.47

10.04

5.27

13.92

1.10

0.14

Achievement

8.74

9.87

7.18

6.54

1.75

0.04

Social Closeness

7.11

15.21

6.45

13.02

0.55

0.29

Stress Reaction

5.84

11.81

7.14

10.60

-1.24

0.11

Alienation

3.37

7.80

3.09

7.61

0.32

0.38

Aggression

2.16

6.03

2.59

10.25

-0.48

0.32

Control

8.74

8.87

8.86

6.12

-0.15

0.44

Harm Avoidance

6.58

6.15

6.25

7.88

0.39

0.35

Traditionalism

6.37

5.69

5.82

7.68

0.68

0.25

Absorption

8.53

10.82

6.86

8.31

1.73

0.05
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Table 6
FFMT Scores Between High and Low Interoceptive Awareness Groups
High IAW
( n = 19)

Low IAw
(n = 22)

t

p

M

SD

M

SD

FFMT 1*

1.58

0.26

1.59

0.25

-0.08

0.47

FFMT 2**

1.58

0.26

1.36

0.24

0.00

0.50

*FFMT 1 was completed following the Speaking Task
**FFMT 2 was completed following with Listening Task
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Table 7
Heartrate variability Group x Task
Group
High IAw

Task
HRB
LB
LT
Low IAw
HRB
LB
LT
HRB- 45 s heartrate baseline
LB- Listening Baseline
LT- Listening Task

M
73.24
69.60
74.33
71.94
67.65
54.21

SE
11.44
10.58
10.77
10.38
9.60
9.78
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