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Purpose: The purpose of this study was to examine
how sentence intelligibility relates to self-reported
communication in tracheoesophageal speakers when
speech intelligibility is measured in quiet and noise.
Method: Twenty-four tracheoesophageal speakers who
were at least 1 year postlaryngectomy provided audio
recordings of 5 sentences from the Sentence Intelligibility
Test. Speakers also completed self-reported measures of
communication—the Voice Handicap Index-10 and the
Communicative Participation Item Bank short form. Speech
recordings were presented to 2 groups of inexperienced
listeners who heard sentences in quiet or noise. Listeners
transcribed the sentences to yield speech intelligibility
scores.
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Results: Very weak relationships were found between
intelligibility in quiet and measures of voice handicap and
communicative participation. Slightly stronger, but still weak
and nonsignificant, relationships were observed between
measures of intelligibility in noise and both self-reported
measures. However, 12 speakers who were more than 65%
intelligible in noise showed strong and statistically significant
relationships with both self-reported measures (R2 = .76–.79).
Conclusions: Speech intelligibility in quiet is a weak
predictor of self-reported communication measures in
tracheoesophageal speakers. Speech intelligibility in noise
may be a better metric of self-reported communicative
function for speakers who demonstrate higher speech
intelligibility in noise.
Total laryngectomy continues to be a surgical treat-
ment for individuals diagnosed with laryngeal
cancer. The procedure results in an altered airway

and a need for a new alaryngeal voice source, and leaves
individuals to cope with physical, social, and psychological
consequences (Doyle & Keith, 2005). After a total laryngec-
tomy, voice and speech rehabilitation is achieved through
a variety of methods. Although esophageal and electro-
laryngeal speech are still common options, surgical-prosthetic
(i.e., tracheoesophageal puncture; TEP) voice restoration
is considered by some to be the gold-standard alaryngeal
speech method (Kazi, Sayed, & Dwivedi, 2010).

TEP speech may be acquired after a puncture is surgi-
cally created between the posterior wall of the trachea and
the anterior wall of the esophagus. A tracheoesophageal
voice prosthesis is inserted within the puncture, allowing
air to move from the trachea to the esophagus when the
tracheostoma is occluded upon exhalation (Singer & Blom,
1980). The resulting increase in air pressure causes the
pharyngoesophageal segment to vibrate and create a sound
source; the sound is then modified by the vocal tract in a
manner similar to typical speech production. TEP speech
has been shown to be more similar to laryngeal speech than
other alaryngeal modes on acoustic parameters such as fun-
damental frequency, speaking rate, sound level/intensity,
and maximum phonation time (Doyle & Keith, 2005; Kazi
et al., 2010). Unfamiliar listeners also judge TEP speakers
as more intelligible and fluent than speakers who use other
alaryngeal speech methods (D’Alatri, Bussu, Scarano,
Paludetti, & Marchese, 2012). However, TEP speech is still
identified as perceptually different and is less preferred by
unfamiliar listeners than typical laryngeal speech (van As,
Koopmans-van Beinum, Pols, & Hilgers, 2003).

Despite increased intelligibility among TEP speakers,
there is some controversy about whether speakers who use
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this method actually report better outcomes in everyday
contexts than other alaryngeal speakers (Eadie, Day, Sawin,
Lamvik, & Doyle, 2013; Evans, Carding, & Drinnan, 2009;
Law, Ma, & Yiu, 2009). Law et al. (2009) examined rela-
tionships among listener-rated speech intelligibility and ac-
ceptability measures with patient-reported communication
outcomes for 49 alaryngeal speakers. Participants in the
study used four different alaryngeal speech methods: esoph-
ageal speech, electrolaryngeal speech, pneumatic devices,
and TEP speech. The researchers noted that there were no
significant differences in speech intelligibility scores among
esophageal, electrolaryngeal, and TEP speakers. To be spe-
cific, the averages across listeners and speaker groups were
58% (esophageal), 60% (TEP), and 70% intelligible (electro-
laryngeal). It is notable that the subgroup of 15 speakers
who used pneumatic devices showed significantly higher
speech intelligibility scores on average (85%). However,
whereas the 13 TEP speakers demonstrated significantly
lower speech intelligibility and acceptability scores than
those using pneumatic devices, these same TEP speakers
had the best self-reported communication outcomes among
the four groups. The authors concluded that high speech
intelligibility does not always translate to high self-reported
outcomes. That is, a communication partner’s ability to
understand a speaker in quiet may not always predict how
well that person perceives his or her own communication
abilities in everyday contexts.

Many factors may affect self-reported communication
success in everyday contexts for people with communication
disorders (Baylor, Burns, Eadie, Britton, & Yorkston,
2011; Eadie, 2007). The variables may range from physical
symptoms and reduced capacity for performing tasks (e.g.,
reduced speech intelligibility, fatigue) to individual coping
responses (Baylor et al., 2011; Eadie & Bowker, 2012) to
changes in body image (Chen et al., 2015) to environmental
facilitators and barriers. Factors in the environment may
include reactions of communication partners as well as
physical barriers such as background noise (Eadie, 2007).
Thus, self-reported communication success is multi-
dimensional, and even speech and voice impairments may
not necessarily be the most important predictor.

Despite this multidimensionality, one reason past
research may have shown uncertain relationships between
intelligibility and self-reported communication outcomes
may be due to the approaches used in measuring speech
outcomes. In particular, listener-rated measures typically
used in clinical and research environments (e.g., measures
of intelligibility, acceptability) are most often assessed
under quiet conditions. In contrast, self-reported outcomes
such as voice handicap (e.g., Voice Handicap Index;
Jacobson et al., 1997) or communicative participation (e.g.,
Communicative Participation Item Bank; Baylor et al.,
2013) often consider background noise when assessing com-
munication. These self-reported scales include background
noise in communication situations because it is regularly
encountered in everyday environments. However, it is
unknown what role noise plays in affecting relationships
between listener-rated and self-reported measures. Before
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these relationships may be better understood, we must
briefly review TEP speaker outcomes.

TEP Speech and Communication Outcomes
Speech Intelligibility

One common measure of alaryngeal speech perfor-
mance is ratings of intelligibility performed by clinicians and
unfamiliar listeners (Bennett & Weinberg, 1973; Law et al.,
2009; Miralles & Cervera, 1995; Tardy-Mitzell, Andrews,
& Bowman, 1985). Speech intelligibility has been defined as
“the degree to which the speaker’s intended message is re-
covered by the listener” (Kent, Weismer, Kent, & Rosenbek,
1989, p. 484). Intelligibility in TEP speakers is primarily
affected by poor voice quality, altered speech rate, and the
noise associated with improper timing and occlusion of
the tracheostoma (van As et al., 2003).

The intelligibility of TEP speech has been shown to be
at least equal to or better than that of esophageal speech
and better than that of electrolaryngeal speech, usually result-
ing in high speech performance (Hillman, Walsh, & Heaton,
2005; Tardy-Mitzell et al., 1985). In one study, 46 unfamil-
iar listeners understood 15 TEP speakers on average 93%
of the time (Tardy-Mitzell et al., 1985). Similar results were
shown in a recent study that included 16 TEP speakers
(mean intelligibility = 92%; range = 73%–100%; Eadie
et al., 2013). These results indicate that many TEP speakers
are highly intelligible to unfamiliar listeners, one type of lis-
tener they would likely encounter on a day-to-day basis.

In summary, results show that TEP speakers usually
demonstrate high intelligibility scores as a group, but there
is wide variability within this group (Eadie et al., 2013;
Hillman et al., 2005; Tardy-Mitzell et al., 1985). Listener-
rated intelligibility is important to consider when measuring
postlaryngectomy outcomes because it may influence the
way a communication partner interacts with a TEP speaker.
However, to understand its impact, we need to examine how
TEP speakers gauge their own communication in everyday
settings.

Self-Reported Measures
To understand the functional consequences of a health

condition or disorder, it is essential to include the individ-
ual’s perspective as part of a comprehensive assessment ap-
proach (Eadie, 2007). Self-reported measures have become
increasingly valued and common in health care and re-
search, and may include a composite measure of a person’s
well-being, such as quality of life (QOL). QOL measures
may be disease specific (e.g., relating to all symptoms
of head and neck cancer) or discipline specific (e.g., voice-
specific QOL or voice handicap, measuring the psychosocial
impact of voice-specific symptoms). Because disease-
specific QOL measures may ask only one or two particular
questions regarding certain functions, a voice- or speech-
specific QOL measure is better suited to capturing QOL as
it relates to the voice or speech symptoms.

One commonly used voice-specific QOL measure is
the Voice Handicap Index (VHI; Jacobson et al., 1997) and
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its validated short form, the Voice Handicap Index–10
(VHI-10; Rosen, Lee, Osborne, Zullo, & Murry, 2004).
This self-reported tool has been used to measure outcomes
in individuals who have undergone total laryngectomy,
including TEP speakers (Azevedo, Montoni, Filho, Kowalski,
& Carrara-de Angelis, 2012; Evans et al., 2009; Kazi et al.,
2007; Oridate et al., 2009). These studies have shown that
many TEP speakers demonstrate a chronic mild–moderate
voice handicap postlaryngectomy (Azevedo et al., 2012;
Evans et al., 2009; Kazi et al., 2007; Oridate et al., 2009).

Increased attention has recently been paid to develop-
ing a self-reported measure that goes beyond voice-related
symptoms and also captures speech-related difficulties in
everyday settings. The Communicative Participation Item
Bank (CPIB; Baylor et al., 2013; Baylor, Yorkston, Eadie,
Miller, & Amtmann, 2009; Eadie et al., 2014) is a validated
self-report instrument that was designed to measure com-
municative participation, which is defined as “taking part
in life situations in which knowledge, information, ideas
or feelings are exchanged” (Eadie et al., 2006, p. 309). For
example, items include talking to a clerk in a store, nego-
tiating a raise at work, and ordering food in a restaurant.

The construct validity of the CPIB and its 10-item
short form was demonstrated recently in a large sample
of individuals with communication disorders, including
66 individuals who used TEP as their primary method of
communication (Baylor et al., 2013; Eadie et al., 2014).
TEP speakers reported worse voice handicap (measured by
the VHI-10) and worse communicative participation than
those who had also undergone treatment for head and neck
cancer but used natural speech for communication (Eadie
et al., 2014). As hypothesized, a strong relationship was found
between the self-reported measures (VHI-10 vs. CPIB;
r = −.79). However, to better understand factors that pre-
dict self-rated communication success, it is important to
determine the strength of the association between traditional
voice and speech measures and self-reported outcomes. In
particular, we need to consider the role that noise might
play in affecting these measures, as well as the relationships
among them.

Relationships Between Speech Intelligibility and
Self-Reported Measures: Effect of Noise?

Some studies in the literature on head and neck can-
cer have examined the relationship between speech intel-
ligibility or voice quality and self-reported measures, such
as QOL specific to head and neck cancer or to the voice
(Eadie & Doyle, 2004; Meyer et al., 2004). In general, these
studies have found weak to moderate relationships between
these measures (e.g., Law et al., 2009; Meyer et al., 2004).
These findings are consistent with those reported in the motor
speech literature for dysarthria secondary to Parkinson’s
disease (Donovan, Kendall, Young, & Rosenbek, 2008) and
traumatic brain injury (McCauliffe, Carpenter, & Moran,
2010).

We previously investigated associations among alar-
yngeal speech intelligibility with disease- and voice-specific
Ead
QOL measures in 25 individuals who had undergone total
laryngectomy and used different alaryngeal speech modes
(Eadie et al., 2013). Results of this study revealed weak cor-
relations among the measures: The relationship between
speech intelligibility (percentage of words understood from
the Sentence Intelligibility Test; Yorkston, Beukelman, &
Tice, 1996) and the VHI-10 was extremely weak to nonexis-
tent (r = .04). The correlation between speech intelligibility
and one item measuring self-rated speech understandability
on a disease-specific scale was also weak (r = .22). Together,
these results suggest that listener-rated intelligibility may
not strongly predict self-rated communication success within
an alaryngeal population.

Relatively weak relationships have been found be-
tween speech intelligibility and self-reported measures, but
we need to consider how they are both obtained. Clinical
assessment of speech intelligibility, for people with speech
disorders (vs. hearing disorders), is typically performed in a
quiet environment. Yet in daily life, events often occur in
suboptimal listening conditions, which may negatively affect
a communication partner’s ability to process the speech
signal during a communication exchange. For example, it is
well known that presence of noise adversely affects typical
speech intelligibility (e.g., Sperry, Wiley, & Chial, 1997;
Van Engen & Bradlow, 2007).

How background noise affects speakers with speech
and voice disorders has had limited study (e.g., Bunton,
2006; McColl, Fucci, Petrosino, Marin, & McCaffrey, 1998;
Tjaden, Sussman, & Wilding, 2014). Even when noise is
added to a speech intelligibility assessment, it is often used
as an approach to reduce ceiling effects of speech perfor-
mance, which assumes equal reduction across speakers
(Bunton, 2006). However, results from limited studies ap-
pear to show that background noise may differentially pe-
nalize those with already compromised speech intelligibility
(McColl et al., 1998; McAuliffe, Schaefer, O’Beirne, &
LaPointe, 2009). For example, in the dysarthria literature,
one study has found that for three speakers with a variety of
dysarthria types, background noise affected their intelligi-
bility more than speakers without dysarthria (McAuliffe
et al., 2009).

McColl et al. (1998) performed one of the few studies
investigating the effect of noise on TEP speech intelligibility.
They recorded speech samples from one typical laryngeal
speaker and one superior TEP speaker, who read two sen-
tences from a reading passage. Fifty listeners were asked to
subjectively judge how well they understood the speech sam-
ple using a rating scale. The speech samples were presented
at nine signal-to-noise ratio levels; the noise masker included
multitalker babble. Results of the study revealed that the
TEP speaker was significantly less intelligible than the laryn-
geal speaker across all conditions, and that both speakers
had significantly lower intelligibility in noise. There was a
significant interaction, however, between the variables.
The TEP speaker’s intelligibility was more affected by noise
than was that of the typical laryngeal speaker.

The results of these studies appear to suggest that
individuals with voice or speech disorders, such as TEP
ie et al.: Effect of Noise on Relationships Between Measures 395



speakers, may be more susceptible to speech degradation
in noise than speakers without communication disorders.
This is an important factor to consider because most TEP
speakers report particular difficulty communicating in noise
in everyday environments (Baylor et al., 2011; Op de Coul
et al., 2005). The purpose of this study, therefore, was to
investigate how TEP speech intelligibility relates to self-
reported communication measures when speech intelligibil-
ity is measured in quiet and in noise. It was hypothesized
that the addition of noise to speech intelligibility measures
would strengthen relationships among measures. However,
because self-reported communication success is affected
by multiple factors (e.g., coping strategies, topic of conver-
sation, familiarity of communication partner), it also was
expected that these relationships would remain moderate
even after controlling for noise.
Method
This study included two groups of subjects: TEP

speakers and inexperienced listeners. All participants were
native English speakers, and none reported any other
speech, language, or voice symptoms beyond those asso-
ciated with laryngectomy in the TEP speakers. The listeners
all passed hearing screening tests at 20 dB for the octave
frequencies of 250 to 8000 Hz. All participants were paid for
their participation. The University of Washington Institutional
Review Board approved the procedure in this study.

Subjects
TEP Speakers

Twenty-four individuals (21 men, three women) who
had undergone total laryngectomy secondary to cancer were
recruited through support groups, professional e-mailing
lists, and professional contacts. The mean age of the TEP
speaker group was 64 years (range: 39–86). Individuals had
undergone total laryngectomy at least 1 year prior to par-
ticipation in this study, to allow time for adjustment and
adaption of their new speech method (Campbell, Marbella,
& Layde, 2000). Only individuals who reported using TEP
speech as their primary method of communication were
included in this study.

Listeners
Sixty-six inexperienced listeners (50 women, 16 men)

were recruited from among the student population at the
University of Washington and the broader Seattle community.
The average age of the listeners was 24 years (SD = 5.4),
with a range of 19–45. They were all inexperienced in that
they were individuals with no prior experience with or course
work related to alaryngeal speech.

Speaker Data Collection
Demographic Measures

Speakers completed a set of questionnaires that in-
cluded demographic information related to age, sex, ethnicity,
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education level, living situation, date of total laryngectomy,
type of cancer treatment, and primary speech method. They
also completed two self-reported measures: the VHI-10
(Rosen et al., 2004) and the CPIB short form (Baylor et al.,
2013). Questionnaires were completed at the time of the
speech recordings or were returned within a 2-month window
of recording.

VHI-10
The VHI-10 is a validated 10-item questionnaire that

measures the impact of voice disorders, such as those expe-
rienced secondary to total laryngectomy, on voice-related
QOL (Rosen et al., 2004). This self-reported tool has been
used to measure outcomes in TEP speakers (Kazi et al.,
2007; Oridate et al., 2009). Respondents indicate how fre-
quently they have had an experience using a 5-point Likert
scale. Items are summed to derive a composite score that
ranges from 0 (minimal voice handicap) to 40 (significant/
severe voice handicap).

CPIB Short Form
The CPIB short form is a validated 10-item instru-

ment derived from the CPIB, an item bank validated using
item response theory (Baylor et al., 2009, 2013). The CPIB
short form measures communicative participation in
community-dwelling adults with a range of speech-related
communication disorders. Validation studies have included
individuals who have undergone total laryngectomy
(Baylor et al., 2013; Eadie et al., 2014). The CPIB short
form items ask individuals to rate how much their condition
(e.g., laryngectomy) interferes with participation in a wide
range of daily speech communication activities using a
4-point Likert scale (3 = not at all, 2 = a little, 1 = quite a
bit, 0 = very much). For example, items include talking to
people you do not know, ordering a meal in a restaurant,
talking in groups of people, and having a conversation in a
noisy place.

Baylor et al. (2013) report a strong and significant
correlation between scores on the CPIB full item bank and
the CPIB short form (r = .971, p < .001), demonstrating
strong concurrent validity for the short form. CPIB short
form summary scores are derived by summing scores
from across the 10 items; total scores range from 0 (severely
restricted communicative participation) to 30 (high levels of
communicative participation). A person (theta) score is then
derived using a translation table, on the basis of a normed
sample (Baylor et al., 2013). Scores typically range from
−3.0 to +3.0 logits, with 0 representing the mean of the
sample used for item-bank calibration; higher scores are
better.

Speech Recordings and Preparation
TEP speakers provided speech recordings that in-

cluded sentences from the Sentence Intelligibility Test (SIT;
Yorkston et al., 1996). Sentences for each speaker were
randomly chosen and comprised sentences of seven, nine,
11, 13, and 15 words in length, resulting in 55 words per
speaker. Similar sample lengths (e.g., 50–65 words) have
407 • August 2016



been used to measure intelligibility in previous research
(Hustad, 2008; Nagle, Eadie, Wright, & Sumida, 2012).

Speech samples were recorded in a sound-treated
room using a headset microphone (Shure PG-81, Shure,
Niles, IL; or AKG-C20, AKG Acoustics, Vienna, Austria)
with a 3-cm (offset) mouth-to-microphone distance. The
microphone was connected to a preamplifier (M-Audio
Fast Track Pro, Avid Technology, Burlington, MA), and
the sample was acquired on a laptop computer using a spe-
cialized sound card and acoustic software (Sona-Speech II,
Model 3650, KayPENTAX, Montvale, NJ). Additional
samples were obtained in the same type of room, using the
same microphone and mouth-to-microphone distance, but
on a portable digital audiotape recorder (TASCAM DAP1,
TASCAM, Montebello, CA). All speech samples were re-
corded at a sampling rate of 44.1 kHz with 16-bit quantiza-
tion. Speech samples were transferred to a computer and
converted into WAV files using acoustic software (Sony
Soundforge, Sony Creative Software Inc., Middleton, WI).

To control the signal-to-noise ratio (SNR), each
sentence from the SIT was equated for peak amplitude
(root-mean-square normalized) using sound-editing soft-
ware (Sony Soundforge). One set of sentences was saved as
stimuli to be presented in quiet, with the speech signal held
constant at the same root-mean-square amplitude (65 dBA
SPL; McColl et al., 1998). The same sentences were then
mixed with four-talker babble (one male speaker and three
female; Audiotec of St. Louis) from the QuickSIN Speech-
in-Noise test (Version 1.3, Etymotic Research, Elk Grove
Village, IL) to create a noise set. Multitalker babble was se-
lected as the noise because previous research has found that
meaningful speech competitors had a significantly more ad-
verse effect on word recognition performance compared
with nonmeaningful competitors (e.g., white noise; Sperry
et al., 1997). Multitalker babble also is representative of the
most challenging adverse listening environment encoun-
tered in everyday speech communication situations (Gilbert,
Tamati, & Pisoni, 2013).

Speech samples were mixed with multitalker babble at
an SNR of +6 dB for each sentence. The speech signal was
held constant at a level of 65 dB SPL, and the SNR was
adjusted by reducing the noise level. Each sentence started
with 500 ms of noise alone, followed by the speech signal
mixed with the noise, and finally 500 ms of noise at the end
of each trial (Van Engen & Bradlow, 2007). The +6 dB
SNR level was identified from the McColl et al. (1998) study
and was pilot tested to ensure no ceiling or floor effects. The
WAV files were entered into a software program (EcosWin,
Avaaz Innovations, London, ON, Canada) that random-
izes the presentation order of the speech samples and allows
listeners to transcribe the speech sample (intelligibility).

Listener Procedure
Listeners were randomized into two groups: One

group transcribed SIT sentences in quiet, and the other
transcribed the same SIT sentences presented at +6 dB SNR
(i.e., the noise condition). Whereas group assignment was
Ead
random, the experimenters also matched the proportion of
female to male listeners between the groups to control for
any possible gender effects. Because the groups transcribed
the same sentences (i.e., one group transcribing the sen-
tences in quiet, one group transcribing the same sentences
in noise), a between-subjects design was used. This design
ensured that listeners were not exposed to the same sentence
more than once.

Before the transcription task, both groups of listeners
were provided instructions about the task and the speech
samples as follows:
ie et a
You will be listening to adult speakers who have had
total removal of their voice box due to cancer. These
speakers are using a new method of speech called
“tracheoesophageal speech.” We are interested in
how well listeners can understand these speakers in
both quiet and background noise. You will only
hear samples presented in [quiet or noise]. We will
play some sentences, and we would like you to type
out the words that you hear. You may listen to the
sentences up to two times. Some of these sentences will
be difficult to understand. Do your best, and guess
when you need to. You may listen to each sentence
two times.
Listeners in both groups were presented several sam-
ples produced by TEP speakers who were not otherwise
included in the study. Then they were exposed once to the
first speaker they would transcribe. This familiarization
sample included the speaker reading a novel five-word sen-
tence in quiet that immediately preceded the transcription
task. Listeners in the noise group were informed that this
same speaker would be presented along with several other
talkers in the background. This familiarization protocol
was used to prepare listeners in both groups for the general
quality of TEP speech, the speaker they were being asked
to transcribe, and the presence of multitalker babble (for
the noise group only). Although this type of brief familiari-
zation (i.e., fives words of audio only from a specific
speaker) has not shown consistent effects on intelligibility
(Hustad & Cahill, 2003; Yorkston & Beukelman, 1983),
equal exposure between the two listener groups ensured
that any potential differences between the groups would be
systematic. This procedure (presentation of the familiariza-
tion sample followed by the transcription of five SIT sen-
tences per speaker) was repeated two more times for each
listener, for a total of three speakers per listener.

Listeners in each group (quiet or noise) provided a
score of speech intelligibility (percentage of words under-
stood) for 15 sentences (165 words total). Different speakers
were randomly assigned to each listener. No sentences were
repeated across speakers (within each listener set), to con-
trol for learning effects. In a few cases, listeners transcribed
sentences for only two speakers (110 words total), to avoid
any sentence repetition. The recordings were presented
over headphones (Samson RH600 Samson Technologies,
Hauppauge, NY), with the speech signal held at 65 dBA SPL,
which was verified by measuring the output of the speech
l.: Effect of Noise on Relationships Between Measures 397



signals in quiet from the headphones using an AEC100
Acoustic Ear (Larson Davis, PCB Piezotronics, Inc., Provo,
UT) coupled to a sound-level meter (Larson Davis Model
824). Listeners were asked to orthographically transcribe
the sentences they heard into a software program on a desk-
top computer (EcosWin, Avaaz Innovations, London, ON,
Canada). Each speaker’s intelligibility judgments were
based on an average score derived from three listeners using
a total-word phonemic-match model in scoring (Hustad &
Cahill, 2003).

Reliability of Listeners’ Transcriptions
Measures of intrarater reliability were not included

in this study, due to learning effects with presentation of a
repeated sentence. To assess interrater reliability of tran-
scriptions for each set of three speakers evaluated by the lis-
teners, intraclass correlation coefficients were calculated.
For listeners in quiet, the mean intraclass correlation coeffi-
cient across listeners was .72 (95% CI [.61, .79]). For lis-
teners in noise, the mean intraclass correlation coefficient
was .83 (95% CI [.77, .88]). These levels are consistent
with prior research and are acceptable levels for further
data analysis (Sussman & Tjaden, 2012).

Data Analysis
The predictor variables in this study were speech intel-

ligibility in quiet and in noise. The predicted variables were
self-reported measures of the VHI-10 (total score) and CPIB
short form (person/theta scores). Each speaker’s intelligibility
for each stimulus set (quiet or noise) was based on the per-
centage correctly understood out of five sentences, averaged
across three listeners (55 words × 3 listeners per speaker =
165 words per speaker). Using the average of three listeners
in this analysis helps reduce the influence of potential out-
lying listener ratings on the predictor variable of intelligibility
(Shrivastav, Sapienza, & Nandur, 2005). Total scores for the
VHI-10 and theta scores for the CPIB short form were then
obtained by adding up all responses to items in each self-
reported measure for each speaker, and then transforming
the summary scores to theta scores for the CPIB short form
(Baylor et al., 2013). To determine relationships between
the variables, four Pearson correlations were calculated:
between intelligibility in quiet or in noise and the VHI-10
total scores or CPIB short form theta scores. The strength of
relationships also was assessed using variance scores (R2).
Results
Demographics of the TEP Speakers

The 21 male and three female TEP speakers were
on average 6.91 years (range: 1–18) postlaryngectomy.
Sixty-seven percent (n = 16) received radiation treatment,
75% had completed at least some college education, 79%
(n = 19) lived with family, and the majority (92%) were
White (n = 22). Additional demographic information about
the TEP speakers is presented in Table 1.
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Summary Scores
VHI-10 and CPIB Short Form

Overall, the TEP speakers reported a mean VHI-10
total score of 16.52 (SD = 7.02), consistent with a moderate
voice handicap. One speaker did not complete the VHI-10;
as a result, the mean VHI-10 total score is based on data
from 23 speakers. Data from all 24 TEP speakers were ob-
tained for the CPIB short form. On average, they reported
summary scores of 20.67 (SD = 6.17), which corresponds to
a mean θ score of 0.38 (SD = 0.83). Mean scores and data
for individual speakers are presented in Table 2.

Speech Intelligibility in Quiet and in Noise
The mean speech intelligibility score for TEP speakers

in quiet was 93.27% (SD = 5.70%); for speech intelligibility
in noise, the mean was 68.64% (SD = 17.56%). Scores re-
vealed an average decrease of 24.63% in intelligibility with
the introduction of background noise. For four out of
24 speakers (M, N, P, SC), intelligibility did not appear to
change (less than 5% decrease) in noise. Data from all
24 speakers are presented in Table 2.

Relationships Between Intelligibility and
Self-Reported Measures

Before performing statistical analyses, scatter plots
demonstrating the relationships between intelligibility
and the self-reported scores were visually inspected. They
revealed a wide distribution of scores but included one
speaker (Q) who was a significant outlier from the group
(e.g., z = 3 or more for predictor and predicted measures;
Osborne & Overbay, 2004). In accordance with recommen-
dations for outliers (Osborne & Overbay, 2004), analyses
were performed with this speaker’s data included as well as
removed.

To ensure that relationships among variables were
not affected by the distribution of scores, data also were log
transformed and the strength of relationships among vari-
ables examined (Keene, 1995). No changes in relation-
ships were observed with use of the transformed scores;
changes in relationships were r < .03, which is equivalent to
less than 0.10% of the variance that changed as a result of
using log transformation. As a consequence, all analyses
reported in this study include mean scores for intelligibil-
ity (%), VHI-10 total scores, and CPIB short form theta
scores.

Relationships Between Intelligibility and the VHI-10
Relationships between intelligibility in quiet and in

noise and VHI-10 scores were both weak and nonsignificant
(r = .18, p > .05 for intelligibility in quiet; r = −.25, p > .05
for intelligibility in noise). Using a cutoff score of z = 3
(Osborne & Overbay, 2004), one outlier speaker (Q) was re-
moved. The relationships between intelligibility and the
VHI-10 total scores are shown in Figure 1 for the remaining
23 TEP speakers. Overall, the relationship between intel-
ligibility in quiet and VHI-10 scores remained nonsignificant
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Table 1. Demographics of tracheoesophageal speakers.

Characteristic No. (%) M (SD) Range

Sex
Male 21 (87.50)
Female 3 (12.50)

Ethnicity
White 22 (91.66)
American Indian/Alaskan Native 1 (4.17)
Other 1 (4.17)

Age (years) 63.75 (10.06) 39–86
Living situation
Alone 5 (21)
With family 19 (79)

Education
High school graduate 5 (21)
Some college 11 (46)
College graduate 6 (25)
Postgraduate 1 (4)
Not reported 1 (4)

Time since total laryngectomy (years) 6.91 (5.56) 1–18
Cancer treatment
Surgery alone 2 (8)
Surgery + radiation 16 (67)
Surgery + radio(chemo)therapy 5 (21)
Not reported 1 (4)

Table 2. Summary results across TEP speakers: mean (and standard deviation) intelligibility in quiet and in noise,
and self-reported scores (VHI-10 total and CPIB short form person/theta score).

Speaker Intelligibility in quiet Intelligibility in noise VHI-10 total
CPIB short form
person/theta

D 99.56 (1.72) 54.77 (40.55) 23 −0.33
G 90.25 (15.01) 51.87 (41.25) 23 −0.89
GG 91.21 (12.80) 81.41 (27.64) 13 0.92
I 94.77 (7.29) 66.58 (28.54) 24 −0.89
II 97.48 (5.24) 71.22 (24.19) 25 −0.56
J 97.27 (5.06) 55.81 (35.07) 10 1.22
JJ 99.49 (1.99) 54.98 (35.62) 16 1.42
L 94.12 (6.51) 56.72 (28.53) 16 0.27
Ma 92.24 (6.43) 88.83 (10.04) 12 1.67
Na 93.78 (10.79) 91.77 (11.67) 16 0.78
O 91.14 (11.68) 81.94 (17.20) 21 0.27
Pa 93.08 (12.58) 92.55 (12.59) 10 1.06
Qb 74.13 (19.17) 45.97 (27.80) 4 1.42
S 86.53 (15.99) 37.23 (28.13) 22 0.15
SCa 100.00 (0.00) 96.26 (7.12) 5 2.10
SE 86.82 (15.33) 53.29 (34.02) 14 −0.10
SG 93.14 (14.22) 65.39 (24.79) 19 0.27
SH 95.46 (5.24) 62.35 (37.66) 17 0.03
SM 88.29 (12.22) 43.32 (27.21) 12 1.22
SN 98.18 (3.76) 73.40 (35.30) 26 −0.22
SO 93.28 (13.22) 87.94 (20.65) 16 0.27
SP 99.56 (1.72) 93.58 (11.54) 6 0.78
T 97.51 (4.20) 75.21 (26.86) — −0.78
V 91.20 (12.68) 64.98 (14.95) 30 0.015
M (SD) 93.27 (5.70) 68.64 (17.56) 16.52 (7.02) 0.43 (0.84)

Note. Intelligibility is given as mean percentage, with standard deviation in parentheses. An em dash indicates
incomplete/nonreported data. VHI-10 = Voice Handicap Index–10; CPIB = Communicative Participation Item Bank.
aSpeakers whose intelligibility changed less than 5% from quiet to noise. bThe outlier speaker whose data were
removed from analyses.
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Figure 1. Relationship between VHI-10 total scores and (left) intelligibility in quiet and (right) intelligibility in noise. Each dot represents a single
speaker. A line of best fit and variance scores also are reported on the graphs.
and weak (r = −.16, p > .05). The relationship between
intelligibility in noise and the VHI-10 totals was statistically
significant, but only moderate in strength (r = −.40; p < .05).
Relationships were in the predicted directions for the sam-
ple of 23 TEP speakers; that is, as intelligibility increased,
voice handicap decreased (see Figure 1). Lines of best fit and
predicted variance (R2) values are also shown in Figure 1.

Relationships Between Intelligibility
and the CPIB Short Form

Relationships between intelligibility in quiet and in
noise and CPIB short form theta scores were also weak and
nonsignificant (r = −.11, p > .05 for intelligibility in quiet;
r = .24, p > .05 for intelligibility in noise). Using a cut-
off score of z = 3 (Osborne & Overbay, 2004), the outlier
speaker Q was subsequently removed. The relationship
between intelligibility in quiet and CPIB short form theta
scores for the remaining 23 TEP speakers also was non-
significant and weak (r = .10, p > .05). Intelligibility in noise
showed a relatively stronger relationship with CPIB short
form theta scores, yet the association was also nonsignificant,
and only weak to moderate in strength (r = .34, p > .05).
As with the VHI-10, the relationships were in the hypothe-
sized directions; as intelligibility increased, CPIB short form
theta scores also increased, although this was a particularly
weak (almost nil) relationship when speech intelligibility
was measured in quiet (see Figure 2). Lines of best fit and
predicted variance (R2) values are shown in Figure 2.

Post Hoc Analysis
Per recommended procedures for correlational analyses

(Portney & Watkins, 2000), the data were visually inspected.
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The right side of the scatter plots presented in Figures 1
and 2 revealed a notable pattern: Above 65% intelligibility
in noise, the plots for both the VHI-10 and the CPIB short
form data show linear relationships. In consequence, the
data were reanalyzed at or below 65% (criterion) and above
65% to better describe these different patterns of relationships
between intelligibility in noise and the self-reported mea-
sures. The relationships are shown in Figures 3 and 4, along
with the lines of best fit and predicted variance (R2).

As observed in Figure 3, the relationships between in-
telligibility in noise (at or below 65%) and the self-reported
measures were weak and nonsignificant (r = .21, p > .05
for the VHI-10; r = −.11, p > .05 for the CPIB short form).
These results are consistent with those found in the total
sample of speakers (see Figure 2). For this subset of
11 speakers, relationships were not in the predicted direc-
tions; that is, as speech intelligibility increased, voice handi-
cap increased and communicative participation decreased.
However, these relationships were extremely weak, predict-
ing only 1% to 4% of the variance (R2) in the self-reported
scores.

As observed in Figure 4, the relationships between in-
telligibility in noise (above 65%) and the self-reported mea-
sures were much stronger than relationships for all speakers
and for the subset of speakers who were at or less than 65%
intelligible in noise (see Figures 1–3). There was a strong
and statistically significant relationship shown between in-
telligibility in noise and the VHI-10 total scores (r = −.89,
p < .05) for 12 speakers who were more than 65% intelligible
in noise. As intelligibility in noise increased, VHI-10 scores
significantly decreased (i.e., decreased voice handicap). The
relationship between intelligibility in noise and the CPIB
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Figure 2. Relationship between CPIB short form theta scores and (left) intelligibility in quiet and (right) intelligibility in
noise. Each dot represents a single speaker. A line of best fit and variance scores also are reported on the graphs.
short form scores also was strong and statistically significant
(r = .87, p < .05) for the same 12 speakers who were more
than 65% intelligible. As intelligibility in noise increased,
communicative participation also strongly and significantly
increased for these 12 TEP speakers.
Figure 3. Relationship between intelligibility in noise and (left
scores in speakers with 65% or less intelligibility (n = 11) . Ea
and variance scores also are reported on the graphs.

Ead
Discussion
This study investigated the relationship between speech

intelligibility and self-reported voice handicap and commu-
nicative participation. The main question was whether these
) VHI-10 total scores and (right) CPIB short form theta
ch dot represents a single speaker. A line of best fit
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Figure 4. Relationship between intelligibility in noise and (left) VHI-10 total scores and (right) CPIB short form theta scores in speakers with greater
than 65% intelligibility (n = 12). Each dot represents a single speaker. A line of best fit and variance scores also are reported on the graphs.
relationships were stronger when intelligibility was measured
in quiet, as is standard practice, or in noise, which might
better reflect adverse conditions in everyday life. Results re-
vealed weak, nonsignificant relationships between intelligi-
bility in quiet and the VHI-10 and the CPIB short form
scores. Slightly stronger (but still weak to moderate, non-
significant) relationships were observed between measures
of intelligibility in noise and both self-reported measures.
However, half the speakers’ data revealed a strong linear
pattern. Scores from 12 speakers who were more than 65%
intelligible in noise strongly and significantly related to
both the VHI-10 and CPIB short form scores, with approxi-
mately 76%–79% of the variance predicted. These results
suggest that with the addition of background noise, intelli-
gibility scores may be a strong predictor of voice handicap
and communicative participation for a select group of TEP
speakers. How these results compare to previous findings,
and what this means for future research and clinical practice,
is discussed next.

Summary Scores
Overall, results from this study revealed moderate voice-

handicap scores among the TEP speakers (M = 16.52,
SD = 7.02). These values are comparable to those reported in
the literature for similar types of alaryngeal speakers (Azevedo
et al., 2012; Evans et al., 2009; Lundström, Hammarberg, &
Munck-Wikland, 2009). The CPIB short form theta scores
for the 24 TEP speakers (M = 0.43, SD = 0.84) were also
relatively consistent with those of a larger independent group
of 66 TEP speakers who completed the entire item bank
from the CPIB (M = 0.20, SD = 0.82; Eadie et al., 2014).
These results strengthen the external validity of our findings.
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In this study, speech intelligibility in quiet ranged
from 74.13% to 100.00% (M = 93.27%) across the speakers,
which is consistent with previous research (Eadie et al., 2013;
Tardy-Mitzell et al., 1985). As hypothesized, speech intel-
ligibility in noise was lower than in quiet, similar to a previ-
ous study of esophageal and electrolaryngeal speakers
(Holley, Lerman, & Randolph, 1983). The reduction in in-
telligibility (from 93% to 69%) in a +6 dB SNR condition
is a substantive decrease that may reveal the sensitivity of
disordered speech to adverse conditions. McAuliffe et al.
(2009) showed that across similar noise conditions and with
similar stimuli, three adult male speakers in a control group
did not show a decrease in intelligibility. Instead, their av-
erages remained consistent (above 90%) when speakers were
presented in a no-noise condition and a +6 dB SNR condi-
tion. However, similar to the majority of TEP speakers in
the present study, the three dysarthric speakers in that study
were significantly affected in relatively low-noise conditions
(+6 dB SNR) and showed a large, significant decrease in
intelligibility. These results support the contention that
speakers with communication disorders, including those
using TEP speech, may be differentially penalized in diffi-
cult listening environments. Future studies should examine
these effects in different types and levels of noise (i.e.,
beyond +6 dB SNR and multitalker babble). In addition, in
lieu of controlling the SNR, speech samples could be pre-
sented at their naturally varying sound pressure levels in
the presence of a constant noise source, which might better
reflect some everyday environments.

Consistent with the present study, McColl et al. (1998)
also found that their one superior TEP speaker was ad-
versely affected in noise. They noted large differences in per-
formance between the TEP speaker and a typical laryngeal
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speaker when noise was presented at a +6 dB SNR. It is
interesting to note that for four out of 24 speakers in this
study (M, N, P, SC; see Table 2), intelligibility appeared to
remain relatively constant from quiet to noise conditions.
This result is similar to how the (nondysarthric) speakers in
the control group performed in the study by McAuliffe
et al. (2009). These findings suggest that there may be some
TEP speakers who have speech characteristics more similar
to those of typical laryngeal speakers that may help lis-
teners overcome a masker such as multitalker babble. Fu-
ture studies should include acoustic analyses of these speech
samples to determine whether there are overall charac-
teristics that optimize intelligibility in noisy backgrounds.
Results from these studies could have implications for future
speech rehabilitation approaches.

Although it might be assumed that highly intelligible
speakers in quiet would also show better intelligibility in
noise, some speakers in this study showed a different pattern.
To be specific, some speakers who were more than 95%
intelligible in quiet dropped more significantly in noise (i.e.,
larger change scores) than speakers who were less than
95% intelligible. As with speakers who may be able to over-
come noise, future studies should investigate characteristics
of speakers who are particularly vulnerable in adverse
conditions. For example, McColl (2006) found that activa-
tion of a Lombard effect may actually detract from overall
speech intelligibility for some TEP speakers: Whereas typical
laryngeal speakers may modulate the changes associated
with the Lombard effect and maintain speech intelligibility
in noise, three out of four TEP speakers in that study were
negatively affected by speaking in noise. Recording the
TEP speakers in noise (as opposed to adding the noise ex-
perimentally) could therefore be an important avenue for
future research. This would allow further study of respiratory,
neoglottal sound source, and articulatory contributions to
improved (or reduced) intelligibility in noise, and thereby
identify and tailor targets for intervention. For example,
some researchers (McColl, 2006; Searl, 2007) have suggested
that adaptations such as those found in “clear speech” could
help promote intelligibility among alaryngeal speakers, be-
cause they have been shown to be effective for both typical
speakers and those with dysarthria (Tjaden et al., 2014).
However, Searl (2007) cautioned that it is unknown whether
there may also be negative effects for TEP speakers who
already expend greater physical effort during speech produc-
tion, with increased respiratory and oral pressures generated
during articulation.

In addition to speaker factors, it is important to con-
sider how intelligibility measures are obtained. Factors
related to the listener must be considered, including short-
term memory, listener reliability, listener experience, and
predictability of the sentences. For example, in this study,
sentences were selected at random from the SIT (Yorkston
et al., 1996); but it is possible that some sentences were
more predictable than others, which could allow listeners
to use more top-down strategies to increase performance
(Beverly et al., 2010). We must also consider the fact
that speech intelligibility is not synonymous with listener
Ead
comprehension (Hustad, 2008), nor with the amount of ef-
fort a listener expends to decode a message (Nagle & Eadie,
2012). These variables could affect the social interaction
between a speaker and his or her communication partner,
and might be better predictors of self-reported outcomes
than intelligibility alone.

Listener selection must also be considered when per-
forming intelligibility studies. For example, Doyle, Swift,
and Haaf (1989) found that experienced clinicians judged
four TEP speakers as significantly more intelligible than
inexperienced listeners did when they evaluated speech sam-
ples in quiet. This factor must be considered when experi-
enced listeners are often the ones who conduct these types
of assessments in clinical environments. As a final matter,
we must also consider how intelligibility is measured. In this
study, we used a transcription procedure involving sen-
tences from a standard clinical instrument (Yorkston et al.,
1996). However, Sussman and Tjaden (2012) found that
scaled estimates for speech severity are also needed to char-
acterize speech impairment. In addition, other researchers
have used stimuli that permit analyses of phonemic and
phonetic errors that might clarify the effect of multitalker
babble on TEP speech intelligibility (Doyle et al, 1989;
Miralles & Cervera, 1995). This type of analysis might also
ease comparison with the hearing literature, which uses dif-
ferent assessment tools and criteria for determining speech
recognition and intelligibility levels (Van Engen & Bradlow,
2007). All of these factors need consideration in designing
future studies and examining relationships between intel-
ligibility and self-reported measures.

Relationships Between Intelligibility
and Self-Reported Measures

This study investigated the relationship between
listener-rated intelligibility in quiet and in noise and self-
reported voice and communication outcomes in TEP
speakers. The weak relationships found between intelligibil-
ity in quiet and the self-reported outcomes for 23 TEP
speakers (r = −.16 for the VHI-10; r = .10 for the CPIB
short form) were expected. Meyer et al. (2004) similarly
found no significant association between sentence intelligibil-
ity and speech items on QOL scales in their group of people
who had received laryngectomies. Likewise, Eadie et al.
(2013) found weak correlations between speech intelligibility
and the VHI-10 among 25 alaryngeal speakers (r = .042).
Donovan et al. (2008) also report a weak correlation (r = .35)
between speech intelligibility measured by unfamiliar listeners
and self-reported communicative effectiveness in individuals
with Parkinson’s disease.

Results from the present study also revealed only
weak to moderate relationships between speech intelligibility
in noise and self-rated outcomes for 23 speakers (r = −.40,
p < .05 for the VHI-10; r = .34, p > .05 for the CPIB short
form). One possible reason for this relative increased strength
in the relationship between measures is that speaking with
noise in the background is more representative of daily
communication environments than speaking in quiet. In
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particular, both the CPIB short form and the VHI-10 ask
specific questions about voice and communication in
background noise. However, as a whole, results from this
study suggest that an unfamiliar communication partner’s
ability to understand a speaker in quiet or noise may not
be strongly predictive of how a person with a communica-
tion disorder perceives everyday voice or communication
function.

One might question whether relationships reported in
these studies were weak because the researchers did not
control for ceiling effects among measures, such as intelligi-
bility, that may be unevenly distributed across the range
of the scale. To address these possible concerns, data from
the present study also were analyzed using log transformed
scores (Keene, 1995). The transformation stretches out
the upper and lower ends of the scale, thereby allowing for
valid comparison of scores across the entire range. Results
of the analysis did not reveal any differences related to
log transformation: Relationships remained unchanged in
strength. Results from this study thus did not appear to
be confounded by ceiling effects, lending support to their
validity.

An interesting pattern was noted in examining relation-
ships between intelligibility in noise and self-reported mea-
sures: Scores from 12 speakers who were more than 65%
intelligible in noise strongly and significantly predicted self-
reported outcomes (r = −.89 for the VHI-10; r = .87 for
the CPIB short form; see Figure 4). These relationships
greatly contrasted with those from 11 speakers who were
65% or less intelligible in noise (see Figure 3). One possible
reason for the increased strength of relationships in the sub-
group of 12 speakers who were more than 65% intelligible
in noise may relate to the reliability of the measures. For
example, Beukelman et al. (2011) have suggested that lis-
teners may not expend as much effort listening to speakers
who are severely unintelligible, because it might be too
frustrating or unproductive to try to decode their mes-
sages. If that were the case in this study, we would assume
that listeners would also show weaker reliability for the
11 speakers who were 65% or less intelligible in noise. The
large variation in scores among this speaker group would
then result in an unpredictable relationship with self-reported
scores. However, an examination of interrater reliability
values in this study did not reveal this to be true; no dis-
cernible pattern between intelligibility scores and reliability
was observed.

Results from this study collectively highlight the multi-
dimensional nature of self-reported outcomes. Among half
the TEP speakers, a measure of speech impairment (intelligi-
bility in noise) was a strong predictor of communication
success. Yet for the other 11 speakers, a similar level of self-
rated communication success was reported despite a sig-
nificant drop in speech intelligibility in noise. A post hoc
analysis showed that these two groups (those who were
more than 65% intelligible in noise and those who were 65%
or less intelligible in noise) were not otherwise differentiated
by sex, age, education, radiation treatment, or time since
laryngectomy. Other factors clearly affected the TEP speakers’
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ability to participate in conversations in everyday settings.
Baylor, Yorkston, Bamer, Britton, and Amtmann (2010)
investigated factors that affected communicative partic-
ipation in a group of 498 community-dwelling adults with
multiple sclerosis. Using regression modeling, their results
revealed that communicative participation could be pre-
dicted with six out of 13 variables: self-reported fatigue,
slurred speech, depression, problems with thinking, employ-
ment status, and social support. These variables accounted
for about half the variance in the self-reported outcomes.
The authors stated that one of the most “notable finding(s)
is that communicative participation is not associated solely
with communication disorder characteristics but that other
variables, particularly fatigue, depression, and social sup-
port are also significantly related to participation” (p. 149).

Similar factors likely play a role in communicative
participation in TEP speakers. From the present study, it
appears that these dimensions may play an especially signif-
icant role in the communicative participation of speakers
with poorer speech intelligibility in noise. Perhaps speakers
with lower intelligibility performance are more reliant on
other coping strategies to manage their communication suc-
cess in adverse environments. Investigating how factors that
go beyond speech and voice impairments—such as social
support, depression, coping, and fatigue—affect self-reported
outcomes after total laryngectomy should therefore be a
focus of future study.

The sample of TEP speakers who participated in this
study must be considered when interpreting the results.
Demographics from this group were consistent with those
reported in other research studies (Eadie et al., 2013;
Vilaseca, Chen, & Backscheider, 2006). However, some in-
vestigators have raised questions about how representative
research groups are when compared to clinical popula-
tions (Blood, Luther, & Stemple, 1992). Most subjects who
participated were older White men; the majority had received
radiation (88%), lived with family (79%), and reported
some college education (75%). They were all individuals
who were at least 1 year postlaryngectomy, and many were
recruited through support groups. All of these factors could
have affected communication and voice outcomes. For
example, those who are involved in support groups or have
more education or family support may be coping better
and/or may be in better health than those who do not
choose to participate in research (Blood et al., 1992). Con-
sequently, scores may be elevated among this type of re-
cruited sample, and results should be interpreted with these
potential biases in mind.

Results from the present study suggest that noise is
an important factor to consider when assessing speech intel-
ligibility in individuals with communication disorders, such
as those who use TEP speech. Similar to those with hearing
loss, who may be more affected by noise than those with
normal hearing, most TEP speakers are differentially affected
by noise in comparison to typical speakers. This is particularly
relevant when designing future research studies, documenting
treatment outcomes, and counseling TEP speakers. How-
ever, noise is only one variable among many that may affect
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a person’s voice-related QOL and communicative partici-
pation (Baylor et al., 2011, 2013; Op de Coul et al., 2005).

The multidimensional nature of self-reported outcomes
was apparent among TEP speakers in this study who were
less than 65% intelligible in noise but still reported good
functional outcomes. These individuals clearly had adopted
coping strategies for dealing with adverse environmental
conditions. Other variables that may affect outcomes include
supplemental communication strategies (e.g., nonverbal
cues), familiarity of the communication partner and conver-
sational topic, level of social support, daily communication
demands, and time postlaryngectomy (Baylor et al., 2011).
How these factors interact with outcomes needs further
study. In the end, however, these results continue to high-
light the importance of complementary and comprehensive
assessment tools. Measures of speech intelligibility and
self-reported outcomes are both necessary for capturing
communication-related difficulties among populations
with communication disorders, including those who have
undergone total laryngectomy (Eadie, 2007).
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