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Intelligibility in Postlaryngectomy 
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�Introduction

A diagnosis of laryngeal cancer has far-reaching 
effects that will impact all areas of an individual’s 
life including physical, emotional, psychological, 
economic, and social well-being (Bornbaum & 
Doyle, Chap. 5; Doyle, 1994, 2005; Doyle & 
MacDonald, Chap. 27; Eadie & Doyle, 2004, 
2005; Meyer et al., 2004). Distinctive to a diag-
nosis of laryngeal cancer is the potential need to 
surgically remove the entire larynx leading to the 
loss of the individual’s normal vocal mechanism 
and, subsequently, a loss of normal verbal com-
munication. While cancer itself carries substan-
tial disease burden, the loss of voice at the time of 
serious illness will create an added distress for 
the individual (Bornbaum et  al., 2012; Doyle, 
1994). Loss of verbal communication at the time 
of a health crisis is not typically experienced with 

other sites of cancer. For this reason, changes in 
verbal communication secondary to treatment for 
laryngeal cancer have long been of critical impor-
tance in postlaryngectomy rehabilitation.

Multiple studies have shown verbal commu-
nication to be one of the greatest predictors of 
quality of life (QOL) in individuals with laryn-
geal cancer (Eadie & Doyle, 2004; Karnell, 
Funk, & Hoffman, 2000; Meyer et  al., 2004; 
Terrell et  al., 2004; and others). The notion of 
QOL encompasses the areas of an individual’s 
life within the physical, psychological, social, 
and spiritual domains of functioning. When 
expressed using the World Health Organization’s 
(WHO, 2001) International Classification of 
Functioning, Disability and Health (ICF), issues 
secondary to the diagnosis and treatment of 
laryngeal cancer encompass all components of 
the ICF framework (body functions and struc-
tures, activities and participation, environmental 
factors, and personal factors). Eadie (2003) was 
the first to contextualize laryngeal cancer within 
the ICF framework, and she described the dra-
matic interactions that may emerge in one’s 
postlaryngectomy functioning. Therefore, the 
ability to effectively restore an individual’s ver-
bal communication following removal of the lar-
ynx has the ability to positively impact a person’s 
QOL. However, reacquisition of a new alaryn-
geal method of verbal communication does not 
in and of itself offer the sole index of postlaryn-
gectomy rehabilitation success.
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Understanding the loss of speech and its res-
toration through rehabilitative efforts raises 
numerous questions on the resultant effective-
ness of postlaryngectomy communication. If 
social capacity is to be enhanced in the postlar-
yngectomy period, it cannot be achieved with-
out at least a “good” level of SI – that is, good 
speech will not place excessive demands on the 
listener during communication (Evitts, Chap. 
28). SI forms a core element underlying effec-
tive communication. For this reason, it is 
important that continued clinical efforts be 
directed at assessing and documenting postlar-
yngectomy speech rehabilitation outcomes. 
This includes that direct attention is paid to a 
variety of factors underlying its composite 
product, namely, intelligibility. Regardless of 
the method of alaryngeal speech acquired, 
whether it be the use of the artificial electrolar-
ynx or esophageal or tracheoesophageal (TE) 
speech, a clinical focus on optimizing SI will 
form one of the foundational aspects of all head 
and neck cancer rehabilitation. Consequently, 
this chapter presents information related to SI 
with a specific focus on those are undergo total 
laryngectomy.

The concepts to be addressed herein have 
broad applications to all modes of postlaryngec-
tomy voice and speech rehabilitation. In many 
respects today, information on TE speech is 
much more available in the literature, thus, TE 
speech has some prominence in the discussion to 
follow. This prominence is primarily based on 
the fact that TE speech is widely used; however, 
an additional factor also exists. That is, while 
considerable research on intelligibility related to 
TE speech was conducted in the first 25  years 
after its introduction (Singer & Blom, 1980), in 
recent years work in this area has been relatively 
sparse. It is also of value to note that while the 
historical literature on alaryngeal SI addressed 
comparative performance between methods (i.e., 
electrolaryngeal, esophageal, and TE), more 
recent comparative data are lacking. Thus, infor-
mation on SI in postlaryngectomy speakers is 
the specific focus of subsequent sections of this 
chapter.

�Postlaryngectomy Voice 
and Speech Rehabilitation

�Alaryngeal Speech

When a total laryngectomy is required, an alter-
nate method of postlaryngectomy “alaryngeal” 
voice and speech will need to be learned. Without 
doing so, the individual will be unable to com-
municate verbally and will be required to use 
writing or alternative or augmentative methods of 
communication (Childs, Palmer, & Fried-Oken, 
Chap. 15). At present, there are three primary 
methods of alaryngeal speech employed by lar-
yngectomized individuals: (1) use of an artificial 
electrolarynx, (2) esophageal speech, and (3) tra-
cheoesophageal (TE) speech. While multiple 
methods may be used by some speakers (e.g., use 
of esophageal speech and the electrolarynx), one 
method will almost certainly be identified by the 
individual as being their primary method of 
communication.

In 1980, the tracheoesophageal (TE) puncture 
voice restoration method and the first TE punc-
ture voice prosthesis (Singer & Blom, 1980) was 
introduced as a new alaryngeal speech option. 
Briefly, the procedure involves creating a small, 
controlled midline puncture through the posterior 
wall of the trachea into the esophagus (Singer & 
Blom, 1980). A one-way, valved voice prosthesis 
is then inserted into the puncture to prevent clo-
sure of the site and to allow one-way flow of air 
from the trachea into the esophageal reservoir 
below the pharyngoesophageal (PE) segment 
(Blom, 1998). Upon exhalation, and when the 
tracheostoma is occluded by the individual’s 
thumb or another “hands-free” device, pulmo-
nary air is shunted into the esophagus, setting the 
PE segment into vibration and allowing for sound 
generation. Thus, while the alaryngeal tissue 
source is the same for both the esophageal and 
TE speech methods (the PE segment), it is the 
manner in which the system is placed into vibra-
tion and the amount of air available to continu-
ously modulate that tissue prior to re-insufflation 
of the esophageal reservoir that distinguishes 
these two methods.
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Since its introduction, TE voice restoration 
has become widely used as a postlaryngectomy 
speech rehabilitation method. In the early years 
following its introduction, the puncture was com-
pleted as a secondary procedure, that is, at some 
point following laryngectomy and full healing 
and postsurgical recovery. However, in the years 
to follow, use of the method as a primary proce-
dure performed at the same time as the laryngec-
tomy was increasingly pursued (Kao, Mohr, 
Kimmel, Getch, & Silverman, 1994; Singer, 
Blom, & Hamaker, 1983; Yoshida, Hamaker, 
Singer, Blom, & Charles, 1989). The larger influ-
ence, impact, and clinical implications of these 
approaches on postlaryngectomy voice and 
speech rehabilitation are addressed in greater 
detail elsewhere in this volume (see Graville, 
Palmer, & Bolognone, Chap. 11; Knott, Chap. 
12). Consequently, in the section to follow, fac-
tors that may influence postlaryngectomy SI and 
the unique relationship of these factors to specific 
alaryngeal methods will be outlined.

�Factors Influencing Speech 
Intelligibility: Preliminary Issues

SI is influenced by multiple factors. Normal SI is 
a result of a complex and highly coordinated 
interaction of physiologic systems under finely 
tuned neurological control. In the normal speech 
production system, intelligibility will be influ-
enced by the power supply or driving source (the 
lungs), the vibratory element (the vocal folds), 
and a system of valves and filters (structures of the 
vocal tract including the oral cavity and its struc-
tures). The interaction of these systems provides 
for a maximal degree of flexibility that permits a 
wide range of acoustic changes which cross the 
frequency, intensity, and temporal domains. 
Postlaryngectomy voice and speech production 
will, therefore, present with alterations in the 
nature and interaction of all of these systems.

A breakdown in one component of the speech 
production system may create changes both 
upstream and downstream, with a net result on 
the final speech product. However, the loss of 

one’s natural voice and decreases in the under-
standability of a new voicing source and the 
speech produced will result in substantial psy-
chosocial changes. The impact of such changes 
in SI extend beyond the communication process 
itself to have a broader, negative influence on per-
ceived QOL (Meyer et  al., 2004). Yet each ala-
ryngeal method needs to be considered 
independently in an effort to further understand 
the more refined aspects of why SI decreases.

Electrolaryngeal Speech  For the electrolaryn-
geal speaker, the power supply and voicing 
source is now non-biologic (electronic) and 
external; this signal will be directed into the vocal 
tract (either via transcervical or intraoral applica-
tion) where the sound source will be articulated 
into speech (see Nagle, Chap. 9). The electro-
laryngeal voice source will be modified by the 
method of its transmission through neck tissues 
or through direct introduction into the oral cavity. 
The use of an electrolarynx voicing source also 
will be characterized by a relatively narrow range 
of frequencies (Nagle, Eadie, Wright, & Sumida, 
2012), as well as a continuous “all voiced” signal 
source. Because of this continuous sound activa-
tion, perceptual challenges related to the listen-
er’s ability to make distinctions between voiced 
and voiceless cognate sounds (e.g., /p/ vs. /b/) 
will be observed (Weiss & Basili, 1985). Further, 
the unique nature of the electrolarynx with its 
robotic and monotone quality will influence the 
listener’s perception of speech due to concerns 
related to its overall acceptability (Bennett & 
Weinberg, 1973). Thus, the interaction and 
impact of all three components of the physical 
analog system of speech production – the power 
supply, the voicing source, and the valves and fil-
ters – must be considered collectively in seeking 
to understand the intelligibility of the signal.

Esophageal speech  For an esophageal speaker, 
the esophagus now becomes the driving source, 
but the capacity of this reservoir is limited, and it 
must be regularly replenished with air in order to 
continue producing speech (see Doyle & Finchem, 
Chap. 10). Additionally, esophageal speech will be 
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generated by an anatomical voicing structure com-
prised of lower pharyngeal and upper esophageal 
tissues (the PE segment), one which does not have 
active adductory or abductory capabilities. Similar 
to the use of an electrolarynx, voiced-voiceless 
distinctions may be problematic because the PE 
segment cannot rapidly turn on and off; however, 
in esophageal speech, this also may be the result of 
limitations in both the power supply and the 
speaker’s subsequent inability to generate ade-
quate sound intensity, as well as the “all voiced” 
nature of the esophageal sound source (Christensen, 
Weinberg, & Alphonso, 1978; Connor, Hamlet, & 
Joyce, 1985). If the esophageal vibratory source is 
not fully powered by the air passing through it, a 
result of limited access to air within the esophagus 
that drives this tissue and then tissue oscillation for 
voicing will be incomplete and of reduced tempo-
ral duration. The reduced amplitude (intensity) of 
the esophageal voicing signal also has been shown 
to have a direct influence on phonetic quality 
(Blood, 1981). Again, interactions between the 
three analog systems of speech production cannot 
be underestimated in the context of understanding 
reductions in esophageal SI.

TE Speech  Finally, the typical TE speaker has 
the capacity to exploit a very large volume of 
lung air to replenish the esophageal reservoir in a 
relatively continuous manner (see Bohnenkamp, 
Chap. 7; Searl, Chap. 13). Because the TE 
speaker has access to a pulmonary air supply, 
research data have most prominently documented 
increases in overall speech and syllable rates for 
TE speech when compared to esophageal speak-
ers. In fact, word and syllable per minute mea-
sures for TE speakers have been shown to be at 
values approximating those of normal laryngeal 
speakers (Robbins, Fisher, Blom, & Singer, 
1984). TE speakers typically are able to produce 
conversational speech without any unusual 
breaks in the flow of their speech.1 This is in clear 

1 Electrolaryngeal speakers will also have the ability to 
generate a full phrase length that approximates that 
observed for the normal speaker. However, the signal 
itself may be monotone, and its mechanical quality may to 
some extent distract the listener.

contrast to even the most proficient esophageal 
speakers who will exhibit momentary stoppages 
in the flow of speech in order to re-insufflate the 
esophageal reservoir (Snidecor & Curry, 1960).

Further, because of the increased volume and 
pressure of air moving through the TE voice pros-
thesis into the esophageal reservoir, and the subse-
quent propagation of this signal into the vocal 
tract, the speaker may have the ability to produce 
voiceless sounds despite the continuous vibration 
of the PE voicing source (Doyle, Danhauer, & 
Reed, 1988). Doyle and colleagues hypothesized 
that this ability was secondary to the exploitation 
of air pressure within the upper vocal tract during 
TE speech production; that is, it was believed that 
some level of vocal tract turbulence2 could be 
achieved during the TE speech process by manipu-
lating the signal within the oral cavity during artic-
ulation. Results from studies by Doyle et al. (1988) 
and Searl and colleagues (Searl & Carpenter, 
2002; Searl, Carpenter, & Banta, 2001) have 
shown that intelligibility issues commonly arise in 
the areas of voiced-voiceless distinctions of conso-
nants (Gomyo & Doyle, 1989), as well as for the 
general consonant manner classes of stops, frica-
tives, and affricates.

The issue surrounding the voiced-voiceless 
distinction in alaryngeal speech in general 
(Jongmans, Hilgers, Pols, & van As-Brooks, 
2006) involves confusing voiceless phonemes for 
voiced phonemes (e.g., perception of a /b/ when 
its voiceless cognate /p/ was intended). Doyle 
et  al. (1988) hypothesized this to be a result of 
shortened voice onset time (VOT) in TE speak-
ers, as well as a lag in the termination of voicing 
by the PE segment (Robbins, Christensen, & 
Kempster, 1986). As well, a study conducted by 
Doyle and Haaf (1989) found postvocalic conso-
nants to be more intelligible than their prevocalic 
counterparts, suggesting that onset and offset 
phenomena must be considered. Doyle and Haaf 
(1989) also found voiced-voiceless confusions 

2 If air pressures and flows are of sufficient magnitude 
within the vocal tract, the speaker may be able to further 
compress that air during the act of articulation. If this does 
in fact occur, the compression of this air may be perceived 
by the listener as a voiceless sound despite the fact that the 
PE source has provided an energized, voiced signal.
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and a manner of production intelligibility hierar-
chy similar to that found by Doyle et al. (1988). 
More recently, Searl et  al. (2001) evaluated the 
intelligibility of stops and fricatives in TE speech; 
their findings were consistent with the two stud-
ies previously mentioned (Doyle et  al., 1998; 
Doyle & Haaf, 1989) in that the most common 
errors emerged from the listeners’ confusion of 
voiced for voiceless phonemes.

�Speech Intelligibility

Kent, Weismer, Kent, and Rosenbek (1989) have 
defined SI as “the degree to which the speaker’s 
intended message is recovered by the listener” 
(p.  483). Employing a more procedural defini-
tion, Hillman, Walsh, and Heaton (2005) have 
indicated that SI represents the percentage of 
speech items correctly identified by the listener. 
Regardless of the underlying etiology, reductions 
in SI have been a critical and longstanding con-
cern in the area of speech disorders. When there 
is a breakdown in a speaker’s ability to be easily 
understood by his or her communicative partner, 
many challenges will be experienced at multiple 
levels of communication functioning (Ackerstaff, 
Hilgers, Aaronson, & Balm, 1994). Reductions in 
SI will result in increased burden to both the 
speaker and the listener with a direct impact on 
social well-being. This concern is of particular 
importance to those who have undergone total 
laryngectomy and will be trained to use any alter-
native alaryngeal method of verbal communica-
tion (Doyle, 1994). However, numerous factors 
will influence any measure of SI.

Over the years, the intelligibility of alaryngeal 
speech has been studied by numerous researchers 
with varying populations of speakers, under a vari-
ety of conditions, and with a range of assessment 
of stimuli (Amster et  al., 1972; Bridges, 1991; 
Clark & Stemple, 1982; Doyle et al., 1988; Filter 
& Hyman, 1975; Hillman, Walsh, Wolf, Fisher, & 
Hong, 1998; Hyman, 1955; Kalb & Carpenter, 
1981; Miralles & Cervera, 1995; Tardy-Mitzell, 
Andrews, & Bowman, 1985; Weiss & Basili, 
1985; and others). This includes multiple studies 
that have addressed individual methods of alaryn-

geal speech (esophageal, electrolaryngeal, and 
TE). A number of studies also have evaluated SI 
from a comparative perspective. The collective 
results of these studies have shown that SI has the 
potential to increase or decrease based on a range 
of factors such as the experience and training of 
speakers, the experience of the listeners, the type 
of stimuli, background noise and environmental 
conditions, speaker gender, type of postlaryngec-
tomy speech mode, etc. (McColl, Fucci, Petrosino, 
Martin, & McCaffrey, 1998). Therefore, when 
considering the findings and implications of SI 
research in postlaryngectomy populations, it is 
important to consider the potential interaction of 
multiple factors (Yorkston & Beukelman, 1980). 
Doing so will allow one to contextualize the results 
of intelligibility testing in those who use alaryn-
geal speech. Interestingly, however, over the past 
20 years, there has been an increasing paucity of 
information specific to SI issues that characterize 
postlaryngectomy speakers.

�Interrelationships in Alaryngeal 
Speech Production

The previously outlined analog system and the 
inherent differences specific to each alaryngeal 
method will have a direct impact on SI. Perhaps 
the only level where intelligibility concerns do 
not exist in any substantial manner for postlaryn-
gectomy speakers is related to vowel production.3 
The reason for this is that regardless of alaryn-
geal mode, the new voice source will always be 
voiced which is a fundamental requirement of 
vowels. However, changes in the amplitude and 
duration of vowels may impact the accuracy of 
their perception by the listener. For example, if 
the vowel signal is underpowered (e.g., during 
esophageal speech), it may carry insufficient 
information relative to its formant structure; 
similarly, if the temporal duration of the vowel is 
altered in either direction (reduced or extended), 

3 The exception here would be any laryngectomy proce-
dure that includes the removal of any portion of the tongue 
or changes that occur secondary to resections at the base 
of the tongue.
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intelligibility changes may occur (Sisty & 
Weinberg, 1972). Thus, the flow and continuity 
of TE speech that occurs due to access to pulmo-
nary air has been shown to offer considerable 
perceptual advantages to listeners. When tempo-
ral components of alaryngeal speech production 
are optimized, durational aspects of sound pro-
duction will also benefit (Doyle et al., 1988; Searl 
& Carpenter, 2002; Searl et  al., 2001; and 
others).

While temporal speech advantages are well 
documented in the literature, TE speakers will 
also find some advantage in the frequency (pitch) 
and intensity (loudness) domains of the speech 
produced; however, these changes do in fact vary 
considerable from normal expectation. First, 
because of the TE speaker’s access to a substan-
tial volume of air from the lungs, the ability to 
“drive” pulmonary air through the PE segment at 
a greater pressure and rate of flow will result in 
the creation of an increased “duty cycle” specific 
to the vibratory source. As the duty cycle or rate 
of tissue vibration increases, the perceived pitch 
of TE voice will also be greater relative to esoph-
ageal speech despite use of the same vibratory 
(source tissues of the PE segment) for both meth-
ods. Even though the fundamental frequency of 
TE speech exceeds that of esophageal speakers, it 
will remain reduced from normal expectation. 
For this reason, gender considerations related to 
frequency for both esophageal and TE speakers 
must be considered (Bellandese, Lerman, & 
Gilbert, 2001; Eadie, Doyle, Hansen, & Beaudin, 
2008). Secondly, the relative intensity of TE 
speech also will be increased because of greater 
short-term volumes of air that are available to the 
speaker.4

As a fundamental factor, the TE speaker’s 
access to a large volume driving source (the 
lungs) to power the esophagus does have consid-

4 Although it is beyond the scope of the present chapter, 
increases in vocal loudness whether in a normal or esoph-
ageal-based alaryngeal system are directly correlated with 
one’s ability to increase pressure below the point of vibra-
tion. Thus, the ability to modulate a relatively large vol-
ume of pulmonary air during TE voicing provides the 
speaker with an increase potential for achieving a wider 
range of vocal intensities.

erable advantages across a variety of acoustic 
dimensions (Baggs & Pine, 1983; Qi & Weinberg, 
1995; Robbins et  al., 1984). The TE system is 
also able to be actively exploited by muscles of 
respiration which may then serve to fine-tune air-
flows through the vibratory source (Bohnenkamp, 
Chap. 7; Bohnenkamp, Forrest, Klaben, & Stager, 
2012). Research has revealed that an esophageal 
speaker produces voice that is 10 dB-SPL lower 
for sustained vowels than that of a normal speaker 
(Weinberg, Horii, & Smith, 1980); this finding is 
a direct consequence of esophageal speakers not 
having access to vast volumes of air to drive the 
PE segment. Recall that an esophageal speaker 
will need to recharge the esophageal reservoir 
regularly as its volumetric capacity is only in the 
range of 60 cc (Diedrich, 1968).

Interestingly, Robbins et  al. (1984) found 
that TE speakers produce voicing signals that 
are approximately 10  dB-SPL and 10  dB-A 
greater than normal speakers for vowels and 
conversational speech, respectively. From a 
simple acoustic perspective, this increase of 
“above normal” loudness may be interpreted as 
advantageous, yet it does carry with it limita-
tions relative to real-life conversational interac-
tion. More specifically, the increased vocal 
loudness associated with TE speech may limit a 
speaker’s ability to maintain privacy when com-
municating with others. For that reason, a clini-
cian’s comprehensive knowledge related to the 
process of TE speech production, dynamic 
interactions between the new vibratory source 
and the vocal tract, and the resultant acoustic 
consequences (both negative and positive) are 
essential components underlying one’s under-
standing of changes in SI. As stated by Weinberg, 
Horii, Blom, and Singer (1982, p. 1982) in rela-
tion to observed differences between esopha-
geal and TE speakers, “Since the voicing sources 
used to produce esophageal voices are regarded 
as surgical residue (Weinberg, 1980), we sug-
gest that the operation of these residue sources 
has been maximized or optimized by alterations 
in respiratory drive state.” Thus, clinicians must 
acknowledge that isolated components of the 
new alaryngeal speech process, regardless of 
mode, are likely to have unique consequences 
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that may directly influence SI.  These changes 
may most often be detected in specific ways 
dependent upon the manner in which SI is eval-
uated (i.e., are stimuli comprised of words, sen-
tences, etc.).

�Does Alaryngeal Voice Quality 
Influence Intelligibility?

Despite the fact that the TE voicing process may 
mimic normal acoustic values for some dimen-
sions (e.g., speech rate, increased pitch levels, 
etc.), it is critical to note that the “optimization” of 
voice/speech that Weinberg et al. (1980) identified 
does not result in a normal voice signal. All alaryn-
geal voices will be identified as being abnormal in 
regard to the overall perceived quality of the voice 
signal (Eadie & Doyle, 2002, 2005; Nagle & 
Eadie, 2012; McDonald, et al., 2010). And, data 
would suggest that the quality of the signal is the 
most significant factor relative to how a listener 
may judge the proficiency of a given speaker. 
Additionally, alaryngeal SI and the potential con-
sequences that noise features which are simultane-
ously present in the signal may be quite variable 
both within and across alaryngeal methods. While 
clear distinctions in quality and performance will 
be observed between extrinsic (electrolaryngeal) 
and intrinsic (esophageal and TE) speech meth-
ods, it is important to note that each speech mode 
is highly variable. Even for individual speakers, 
ongoing signal variability will result in greater 
perceptual challenges for the listener who must 
work more to extract speech from noise (Doyle, 
2017a). The importance of individual speaker vari-
ability across modes of speech was elegantly 
reported by Kalb and Carpenter (1981), and their 
work continues to hold merit today.

Even the most proficient esophageal or TE 
speaker will exhibit a voice quality that is almost 
certainly characterized by aperiodicity as part of 
the composite nature of the signal (Maryn, Dick, 
Vandenbruaene, Vauterin, & Jacobs, 2009; Smith, 
Weinberg, Feth, & Horii, 1978). This aperiodicity 
is a product of the variability of the tissue that 
comprises the PE segment (differences in location 
and mass) and its subsequent response to airflows 

and pressures, factors that carry their own inherent 
degree(s) of variability (Doyle & Eadie, 2005; 
Moon & Weinberg, 1987). Thus, expectations of 
what any given alaryngeal speaker will sound like 
or how their intelligibility will manifest must be 
made with caution. Finally, the literature is rich 
with studies comparing a variety of features of the 
three alaryngeal methods, both to each other and 
to normal speech (Blom, Singer, & Hamaker, 
1986; Clements, Rassekh, Seikaly, Hokanson, & 
Calhoun, 1997; Cullinan, Brown, & Blalock, 
1986; Doyle et al., 1988; Robbins, 1984; Robbins 
et  al., 1984; Tardy-Mitzell et  al., 1985). When 
viewed together, the findings from these studies 
have often found TE speech to be judged as supe-
rior to the other alaryngeal modes in areas such as 
acceptability, overall intelligibility, pitch, inten-
sity, and patient satisfaction, with ratings approach-
ing those of normal speech in some instances. 
Nevertheless, it is also of importance to note that 
TE speech is not without substantial limitations.

As mentioned previously, esophageal and TE 
speakers will produce speech that is judged by 
listeners to be of lowered pitch. In fact, female 
esophageal and TE speakers tend to have pitch 
values similar to those of males, resulting in a 
voice that sounds more masculine (Bellandese 
et al., 2001; Trudeau, 1994). The loss of gender 
identity for a woman who undergoes total laryn-
gectomy and uses alaryngeal speech may have a 
significantly negative impact on social perfor-
mance and interaction and ultimately, one’s judg-
ment of their QOL.  In addition, although TE 
speech often has shown to be highly acceptable 
when compared to other methods, it is clearly 
judged as less acceptable than laryngeal speech 
(Clark & Stemple, 1982; Finizia, Dotevall, 
Lundstrom, & Lindstrom, 1999; van As, Hilgers, 
Verdonck-de Leeuw, & Koopmans-van Beinam, 
1998). Finally, even in the presence of several 
comparative advantages, TE speech has consis-
tently been reported to be reduced in its intelligi-
bility (Blom et  al., 1986; Doyle et  al., 1988; 
Pindzola & Cain, 1988; Robbins, 1984; Williams 
& Watson, 1985; and others). Thus, no one ala-
ryngeal method is free of limitations; as a general 
rule, there will always be specific advantages and 
disadvantages to each method.

14  Intelligibility in Postlaryngectomy Speech
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Clinical efforts that focus directly on increas-
ing SI beyond basic “functional” levels are often 
disregarded in the contemporary rehabilitation 
setting. This is often a result of the cost associ-
ated with extra treatment sessions, limitations in 
the time available to skilled personnel, and some-
times, limitations related to general access to 
high quality and comprehensive alaryngeal 
speech rehabilitation services. SI is an area of 
inquiry that received generous attention when TE 
speech was first introduced, but unfortunately, it 
has been somewhat overlooked for the past 
20 years. This in part may be a consequence of 
the fact that unless some unexpected complica-
tion occurs with TE voice restoration and its 
acquisition, most individuals will quickly acquire 
their new voice. Because voice and speech resto-
ration in many instances is reacquired rather rap-
idly, efforts directed at refining speech may be 
pursued less often. It is, however, essential to 
reiterate that reduced SI has the potential to nega-
tively impact a person’s participation in society 
and it should remain an area of continued interest 
and exploration (Eadie et al., 2016). This prob-
lem is also applicable to those who use esopha-
geal and electrolaryngeal methods.

�Measuring Speech Intelligibility

As noted, a wide range of factors will potentially 
impact findings from SI assessments.5 It is, there-
fore, important to understand and consider these 
factors before pursuing the clinical evaluation of 
alaryngeal speech, as well as when conducting 
research in this area. As stated by Subtelny (1977, 
p.  183) “Intelligibility is considered the most 
practical single index to apply in assessing com-
petence in oral communication.” Throughout his-
tory, intelligibility measurement has largely been 
obtained through two separate methods: scaling 
procedures and word identification (Schiavetti, 
1992). Scaling procedures, such as the use of 

5 It should be noted that the factors which have been iden-
tified to influence measures of speech intelligibility apply 
to all communication disorders, not just in relationship to 
postlaryngectomy speakers.

equal-appearing interval (EAI) scales which 
allow the listener to make judgments about a 
speaker’s intelligibility, were historically used 
more frequently due to their ease of application 
and scoring (Schiavetti, 1992).

Scaling Procedures  Briefly, when intelligibility 
is assessed using the EAI scaling method, the lis-
tener judges intelligibility by selecting a discrete 
number that falls between two extreme anchors 
that represent the range of potential performance 
(e.g., “fully understandable” speech to “unable to 
understand”). Scales may range in numerical rep-
resentation, for example, from 1 to 5 or from 1 to 
7 or greater. The key to understanding the EAI 
method is that it ultimately asks the listener to 
assign a numeric rating that best represents their 
impression of where on the scale a speaker falls 
given the anchors provided. The simplicity of this 
type of rating task is beneficial, but it also allows 
for error on several fronts.

Recently, as intelligibility testing has contin-
ued to grow in many disordered speech popula-
tions, perceptual scaling procedures have 
received considerable attention and criticism. 
Although timely and efficient, scaling procedures 
often lack the ability to pinpoint specific areas of 
increased or decreased intelligibility. 
Intelligibility measures and the findings gathered 
from their application are, at times, also subject 
to misinterpretation and misrepresentation. As 
such, any approach to scaled assessments using 
the EAI method may have limited strength in 
accurately estimating an intelligibility score for 
each individual without also obtaining percent-
age values for the accurate retrieval of stimuli 
produced (Schiavetti, 1992). This suggests that in 
most instances, single approaches to evaluating 
SI must carry one or more caveats related to 
interpretation and use of the data.

A categorical judgment of intelligibility based 
on EAI scaling, regardless of the number that is 
selected from a given scale, may ultimately pres-
ent a considerable range of performance. In con-
sidering any EAI scale, the question that often 
arises is that pertaining to, “what distinguishes or 
separates one number from the next?” Using an 
EAI scale, the question of what lies between any 
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two numbers on the scale in the context of the 
anchors provided is not easily discerned (see 
Stevens, 1975). Further, any scaled numeric 
assignment may not be consistent with measures 
obtained at the “word identification level.” This 
potential problem in turn decreases the generaliz-
ability of findings gathered when using EAI 
scales to other studies conducted on intelligibil-
ity, as well as making it more difficult for both 
lay listeners and those who are experienced to 
rectify differences in their judgments. Thus, word 
identification testing procedures have increas-
ingly become the method of choice when con-
ducting intelligibility assessments and/or 
research, especially for alaryngeal speech. 
However, with only one exception (Weiss & 
Basili, 1985), there have not been specific mea-
sures developed for use with alaryngeal speakers. 
Given the types of factors identified herein that 
have the potential to influence speech production, 
it would seem that some consideration of devel-
oping specific types of evaluation instruments for 
alaryngeal speakers would be of value.

Direct Identification of Stimuli  With application 
of the direct identification assessment method, lis-
teners are required to transcribe each word, sen-
tence, or phrase uttered by the speaker. Listener 
responses are then compared to the list of target 
stimuli produced by the speakers; these data are 
then subsequently converted into a percentage of 
incorrect and correct responses, resulting in an 
overall intelligibility score (Schiavetti, 1992. This 
measurement method has the clear advantage of 
being easily interpretable to not only clinicians 
but also naïve individuals and, perhaps more 
importantly, in conveying such information to 
those who use alaryngeal speech. If the stimuli 
and measurement procedure used are assessed in 
a consistent manner, changes over time or subse-
quent to therapy can be easily documented. Lastly, 
the measure is “objective” in nature which offers 
the potential for identification of what specific 
type(s) of intelligibility deficit(s) exist for each 
individual (Schiavetti, 1992). If, for example, an 
objective measure of intelligibility indicates that 
stop-plosive consonants are problematic (Gomyo 
& Doyle, 1989; Doyle & Haaf, 1989; Searl et al., 

2001), then efforts to remedy those deficits can be 
actively pursued. It is, however, important to 
acknowledge that despite the objective nature of 
such measures, the score obtained will always be 
contextually bound and may not easily be gener-
alized to other types of stimuli or evaluation 
settings.

The determination of the loci or “where” intel-
ligibility deficits exist (e.g., word-initial vs. 
word-final phonemes, relationships to vocalic 
elements, etc.) also must be considered with great 
care given the number of factors that can influ-
ence intelligibility judgments. Recent work by 
Doyle (2017b, unpublished data) has suggested 
that objective intelligibility scores can vary 
widely depending upon the construction of the 
test stimuli used, even if the word list is well-
established and regularly used at the clinical level 
for intelligibility assessment. Nevertheless, the 
assumed sensitivity of word identification proce-
dures and the ability to gain information solely 
from such measures has made this approach an 
obvious choice for many intelligibility investiga-
tions (Blom et  al., 1986; Doyle et  al., 1988; 
Pindzola & Cain, 1988; Smith & Calhoun, 1994; 
Tardy-Mitzell et al., 1985; and others).

Listener Experience  Another area of intelligibil-
ity testing that may impact findings pertains to 
the influence of listener experience on the SI 
results obtained. Previous studies have employed 
the use of either naïve listeners (no prior educa-
tional experience with or formal exposure to the 
speaker population of interest) or experienced 
listeners typically, speech-language pathologists 
(SLPs) or physician/surgeons. Multiple studies 
with a variety of speaker populations have shown 
that intelligibility may be influenced by the 
sophistication of listeners (Beukelman & 
Yorkston, 1980; Doyle, Swift, & Haaf, 1989; 
Williams & Watson, 1985). These studies all sug-
gest that assessment scores provided by SLPs 
reflect better speaker intelligibility than those 
made by inexperienced (naïve) listeners. Based 
on this observation, it has been suggested that the 
experienced listeners’ prior exposure to the 
speaker population, and most likely the stimuli 
being evaluated as well, may potentially inflate 
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their intelligibility scores. This makes the infor-
mation less generalizable and possibly, less rep-
resentative of the general listening population, a 
listener group that may have the most interaction 
with the speaker (Doyle et al., 1989). Yet the use 
of naïve listeners can influence findings as well.

First, since naïve listeners typically have had 
little exposure to alaryngeal speech (or other dis-
orders for that matter), they may focus on the 
unnatural quality of the voice instead of the 
words or sounds being produced, a potentially 
confounding factor in the interpretation of the 
data. The quality of the vocal signal may in some 
way distract the listener from the stimuli they 
have been asked to assess. While all potential 
sources of distraction which may confound 
“pure” assessments of intelligibility cannot rea-
sonably be excluded, recognition of the potential 
influence of this factor on listener judgments is of 
value. This issue has been raised in prior auditory-
perceptual works associated with the dysarthrias 
(Darley, Aronson, & Brown, 1969, and others).

As well, naïve listeners may not be challenged 
by the task itself, and an internal desire to per-
form the task accurately, leading to “second 
guessing” confusions or errors, rather than lack 
of speaker intelligibility. Hence, the demands of 
the task that the listener is asked to perform must 
always be considered. This requires that efforts 
directed toward assessing intelligibility in alaryn-
geal speakers must weigh numerous factors and 
understand the potential strengths and weak-
nesses of any given approach to assessment. 
Within the dysarthria literature, the listener’s 
familiarity with the stimuli has also been raised 
(Beukelman & Yorkston, 1980; Tjaden & Liss, 
1995; Yorkston & Beukelman, 1978). There is 
not, however, a perfect method for intelligibility 
assessment in those who have undergone laryn-
gectomy; similarly, and as noted there is no mea-
sure dedicated to the assessment of 
postlaryngectomy speech regardless of mode. 
Thus, when conducting intelligibility research or 
evaluating the validity of previous research on 
alaryngeal speakers, it is important to consider 
external factors that have the potential to influ-
ence results. In reference back to prior sections of 
this chapter, intelligibility assessments of 

alaryngeal speech must also carefully consider 
the nuances of each method and the potential 
impact that such alterations will have on mea-
sures obtained.

�Findings from Alaryngeal Speech 
Intelligibility Research

Many studies have compared speaker perfor-
mance across the three modes of alaryngeal 
speech, and results have indicated that TE speech 
is generally judged to be more intelligible than 
esophageal or electrolaryngeal speech (Blom 
et al., 1986; Doyle et al., 1988; Pindzola & Cain, 
1988; Robbins, 1984; Robbins et  al., 1984; 
Tardy-Mitzell et  al., 1985; Williams & Watson, 
1985). Blom et  al. (1986) conducted a study 
assessing the intelligibility of individuals both 
before undergoing the TE puncture procedure 
and after. Prior to the procedure, these speakers 
were using either esophageal speech or an elec-
trolarynx as their primary mode of communica-
tion. Following the TE voice restoration 
procedure, all individuals used TE speech to 
communicate. Intelligibility was determined by 
calculating the percentage of correct responses 
found using a multiple-choice response format 
test, the Modified Rhyme Test (House, Williams, 
Hecker, & Kryter, 1965).

Blom et al. (1986) reported a statistically sig-
nificant improvement in the SI by the group fol-
lowing TE puncture, with preoperative mean 
intelligibility reported to be 78.15%, versus 
91.51% mean intelligibility postoperatively 
(Blom et al., 1986). This not only illustrates the 
high intelligibility levels of those using TE 
speech but also the potential advantages of TE 
speech when compared to esophageal and artifi-
cial electrolaryngeal communication. In this con-
text, it is important to note that the use of a 
forced-choice, closed set identification auditory-
perceptual paradigm may influence results, 
thereby leading to higher intelligibility scores. 
That is, because the content of stimuli included in 
the test list was designed to assess particular 
types of perceptual errors, as well as the request 
for listeners to select a choice from a set of 
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perceptual options, some “chance” occurrence of 
a correct response even when the signal has not 
been accurately detected may occur. This requires 
careful consideration of the data obtained (some 
margin of error must be acknowledged), and this 
will place greater importance on simultaneous 
assessments of within-listener agreement when 
they are asked to rate a subset of stimuli a second 
time.

Despite the early reports of Blom et al. (1986), 
TE speech is still less intelligible than speech 
produced by an individual with an intact larynx 
(Hillman et al., 2005). Studies have reported TE 
SI to range from 65% to 93% (Doyle et al., 1988; 
Pindzola & Cain, 1988; Tardy-Mitzell et  al., 
1985) dependent upon the procedures employed. 
Doyle et  al. (1988) determined intelligibility 
through the assessment of consonant-vowel-
consonant-vowel-consonant (CVCVC) nonsense 
syllables that were phonetically transcribed by 
naïve listeners using an open-response paradigm. 
This resulted in an average intelligibility of 65% 
(range 59–72%). The use of nonsense construc-
tions as stimuli as well as the use of an open set 
response format clearly provided a more chal-
lenging task to the listeners, which in turn may 
have resulted in lower scores. However, while 
this more restrictive assessment process may 
reveal poorer intelligibility scores, it is in fact 
context stripped and may not accurately repre-
sent how a listener might perceive stimuli within 
a conversation or similar interaction with the 
speaker. In those circumstances, the listener can 
utilize context (grammatical) and employ what is 
equivalent to a Cloz procedure as part of a predic-
tive process (Duffy & Giolas, 1974; Epstein, 
Giolas, & Owens, 1968; Giolas, Cooker, & 
Duffy, 1970). Thus, the choice of stimuli used to 
assess intelligibility is critical.

Pindzola and Cain (1988) used an entirely dif-
ferent method of intelligibility assessment by 
asking TE speakers to record monosyllabic 
English words from the Multiple Choice 
Intelligibility Test (Black & Haagen, 1963). 
Naïve listeners then identified their response a set 
of four options using a forced-choice paradigm. 
Their study reported an overall intelligibility of 
93.20% across speakers. Tardy-Mitzell et  al. 

(1985) used a method similar to that of Pindzola 
and Cain (1988) with intelligibility judged from 
monosyllabic word lists (House et  al., 1965). 
Once again, this study employed the forced-
choice method with six possible response options 
for each stimulus word. Comparable intelligibil-
ity values were found with an average score of 
93% (range 80.70–97.50%). As demonstrated in 
the above-cited studies, intelligibility has the 
potential to vary considerably based on internal 
and external factors and experimental design 
(stimuli, response format, listener familiarity, 
and context).

�Continuing and Emerging Issues

Much of the research regarding TE SI was con-
ducted in the mid- to late 1980s when the voice 
restoration procedure was emerging. As a new 
postlaryngectomy speech rehabilitation option, 
comparative data were necessary to assess the 
potential value and viability of this approach. Yet 
as TE puncture voice restoration became more 
popular, explorations of TE, as well as esopha-
geal and electrolaryngeal SI, became less com-
mon. Since that time, however, very few new 
investigations have been conducted in relation to 
the intelligibility of alaryngeal speech. Over the 
past 20 years, many changes in the treatment of 
laryngeal cancer have occurred, improvements 
have been made to the design of TE puncture 
voice prostheses, esophageal speech may be 
more easily learned because of knowledge gained 
from TE speech failures (i.e., the identification of 
PE segment spasm), and refinements have been 
made to a several electrolaryngeal devices.

For the reasons noted, generalizing prior intel-
ligibility research to the current generation of 
alaryngeal speakers is somewhat precarious. As 
well, a range of hands-free devices have been 
made available in recent years, removing the 
need for manual occlusion of the stoma when 
speaking (Lewis, Chap. 8; Graville, Palmer, & 
Bolognone, Chap. 11). These devices may differ-
entially influence listener assessments of both SI 
and overall proficiency (Pauloski, Fisher, 
Kempster, & Blom, 1989) and are deserving of 
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ongoing assessment. Thus, SI remains an impor-
tant index of postlaryngectomy rehabilitation, 
and continuing its exploration is recommended.

Another factor that cannot be disregarded rel-
ative to intelligibility assessment is the fact that 
some who will undergo laryngectomy today may 
be performed following failed chemoradiation 
therapy. This, as well as other treatment-related 
factors such as the presence of postlaryngectomy 
complications (Damrose & Doyle, Chap. 3) and 
concomitant health comorbidities, may have a 
direct bearing on speech outcomes. In the current 
era of head and neck cancer surgery in general, 
and laryngectomy in specific, the use of more 
extensive reconstruction methods is increasingly 
common. As a result, the system that will be uti-
lized for the production of any method of alaryn-
geal speech may be quite different than what has 
been reported in the past. It is our belief that con-
tinued explorations into SI provide not only a 
valuable area of clinical inquiry but one that will 
serve to better educate patients and provide the 
best opportunity for postlaryngectomy rehabilita-
tion success.

At present, very little new research has been 
conducted with a focus on specific patterns of 
increased and decreased intelligibility that may 
exist across groups of alaryngeal speakers. 
Individual differences and the potential influence 
of very aperiodic or unusual quality signals can 
also serve to distract the listener’s attention with 
a subsequent impact on intelligibility. The lack of 
current intelligibility research can be attributed, 
at least in part, to the wide use and relatively 
spontaneous acquisition of TE speech following 
puncture. As previously stated, by strict stan-
dards, TE speech has shown to be superior to the 
other alaryngeal methods in relation to the “flu-
ent” nature of the speech produced, its increased 
overall acceptability, in addition to increased 
overall intelligibility, mean syllable length, pitch, 
intensity, and patient satisfaction (Blom et  al., 
1986; Clements et al., 1997; Cullinan et al., 1986; 
Doyle et al., 1988; Robbins, 1984; Robbins et al., 
1984; Tardy-Mitzell et  al., 1985). All of these 
factors contribute to a belief that intelligibility is 
relatively intact in all TE speakers. However, 
with the emerging potential that esophageal 

speech is becoming much more viable as a non-
prosthetic mode of alaryngeal speech, in addition 
to a number of refinements to electrolaryngeal 
devices (e.g., active frequency modulation), fur-
ther research appears necessary.

In summary, it appears that the study of SI 
associated with alaryngeal speech has been over-
looked to some extent in recent years. 
Accordingly, work specific to this important clin-
ical area must be reignited. This inattention is 
unfortunate as the dissemination of information 
regarding intelligibility from the past may limit 
accurate representations at present. Of particular 
importance here is a concern that if faulty expec-
tations of intelligibility are made, SLPs may limit 
their efforts to directly facilitate improvements in 
intelligibility. Regardless of which speech option 
any individual pursues, and despite the fact that 
no measurement “standard” currently exists, the 
formal assessment of intelligibility may provide 
the SLP with information that guides their ability 
to tailor individualized therapy (Christensen & 
Dwyer, 1990). This may involve tasks that center 
around targeting known error patterns (Doyle, 
Danhauer, & Lucks-Mendel, 1990) or contextual 
influences and the value of communication com-
pensation and adaptations, with the result poten-
tially creating more intelligible speech for each 
individual. The resultant increase in intelligibility 
has obvious clinical implications, as well as the 
potential to influence one’s ability to fully par-
ticipate in a variety of communication situations 
with benefit to perceived QOL.

�Significance of Alaryngeal Speech 
Intelligibility Research

In past years, research has been conducted show-
ing the potential impact speech and effective ver-
bal communication can have on an individual 
with laryngeal cancer’s QOL (Eadie & Doyle, 
2004; Karnell et  al., 2000; Meyer et  al., 2004; 
Terrell et al., 2004).

The concept of QOL plays an important and 
prominent role in laryngeal cancer, particularly 
in relation to the loss of normal verbal communi-
cation. Past research has shown speech 

L. E. Sleeth and P. C. Doyle

https://doi.org/10.1007/978-3-030-04702-3_3


243

communication to be one of the most important 
predictors of perceived QOL in individuals with 
cancers of the head and neck (Terrell et al., 2004). 
A study conducted by Meyer et al. (2004) looked 
at the importance of effective communication in 
head and neck cancer survivors and found that 
decreased word intelligibility was statistically 
associated with decreases in survivors’ enjoy-
ment across many areas of functioning. This 
decreased ability to participate in normal daily 
activities increases the potential for disability 
among these individuals. Lower SI was also asso-
ciated with a greater likelihood of altered QOL 
when compared to their more intelligible coun-
terparts. Karnell et al. (2000) evaluated head and 
neck cancer survivors and found that speech and 
eating domains best predicted self-reported QOL 
scores, further reinforcing the importance of 
postlaryngectomy speech rehabilitation.

Finally, previous research has shown TE SI 
and acceptability to be positively correlated with 
one another, indicating that speech that is highly 
intelligible also tends to be perceived as highly 
acceptable to listeners (Pindzola & Cain, 1988). 
Therefore, highly intelligible speakers are not 
only more likely to be better understood but bet-
ter accepted by the general public, in turn leading 
to a potentially increased QOL.  The evidence 
presented in the studies above show that a rela-
tionship between highly intelligible speech and 
increased QoL exists among laryngeal cancer 
survivors. This, coupled with the fact that the 
fundamental objective of verbal communication 
is to be understood, creates a compelling argu-
ment as to why achieving effective and highly 
intelligible communication is so important for 
alaryngeal speakers and why continued research 
in this area is needed.

�Conclusions

Loss of verbal communication presents a signifi-
cant challenge in the presence of a potentially 
life-threatening disease such as laryngeal cancer. 
Thus, the ability to provide a functional means of 
verbal communication is an essential component 
of postlaryngectomy rehabilitation (Doyle, 

1994). There has, however, been limited research 
conducted on alaryngeal SI over the past decade. 
This lack of more contemporary information is 
troublesome when one considers the significant 
changes that have occurred in the treatment of 
laryngeal cancer. Given research confirming the 
impact that communication effectiveness has on 
an individual’s QOL, it is important that updated 
research on intelligibility be conducted. SLPs 
and physicians can benefit from more detailed 
information outlining the intelligibility patterns 
of those who use alaryngeal methods of speech. 
Alaryngeal speech continues to be characterized 
by multiple sound errors and that variability in 
sound intelligibility also exists specific to whether 
sounds appear within a word-initial or word-final 
position; these types of changes are further 
impacted by potential distractions secondary to 
the unusual quality of alaryngeal voice and 
speech, as well as how intelligibility is altered in 
conditions of competing noise. It is anticipated 
that clinical intervention can serve each individ-
ual to achieve the most intelligible speech possi-
ble. Information on various aspects of SI will 
allow healthcare professionals to better structure 
their treatment and therapy for each individual, 
providing them with the best opportunity to 
achieve the most intelligible speech possible, 
leading to more effective verbal communication, 
participation in society, and increased QOL.
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