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Abstract 
 
Objectives: to develop an evidence-based therapy program aimed at improving 
tracheoesophageal speech intelligibility. The therapy program is based on 
particular problems found for TE speakers in a previous study as performed by 
the authors. 
 
Patients/Materials and Methods: 9 male laryngectomized individuals were 
included in the study. Seven had had a total laryngectomy, one had had a PM 
flap and one a gastric pull-up. Mean age was 64;9 years and mean time after 
TLE was 5;6 years. A therapy program was developed based on the most 
common difficulties of TE speakers found in literature and on a previous 
perception experiment of the authors. Where possible, therapy techniques were 
based on evidence-based research. TE speakers participated in a nine-session 
therapy program spread over five weeks. Several pre and post tests were used to 
measure the effect of the therapy program: the speakers were asked to read out 
speech material, both before and after the therapy program, including almost all 
levels of speech: phoneme level, word level, sentence level and spontaneous 
speech. Different types of raters were used for each of the different tests. Naïve, 
inexperienced listeners rated spontaneous speech in a semantic scaling 
experiment; naïve, but experienced raters (phoneticians) rated phoneme and 
sentence level; experienced listeners, well known with TE speech, rated 
phoneme level. Questionnaires were filled out by the speakers themselves and a 
close relative. A Voice Handicap Index was also used, but will not be discussed 
here.  
 
Results: Scores improved for fricatives in initial position, and for the voiced-
voiceless distinction. For medial position, all manners of articulation, except the 
approximant /l/ improved, as well as the voiced-voiceless distinction. Sentence 
intelligibility also improved. The questionnaires show that speakers are more 
positive about their own speech post therapy. The scores for the semantic 
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scaling experiment did not improve. However, the semantic scale results on 
articulation and intelligibility did improve. 
 
Conclusions: Although already effective in its present set-up, some extension of 
this 5-week rehabilitation program is necessary to ensure an optimal progression 
from phoneme level to spontaneous speech level. 
 
Keywords: TE speech production, evidence-based therapy 

1. Introduction 
 
A total laryngectomy changes the anatomy and physiology considerably, which 
has far-reaching consequences for the voice quality and speech intelligibility of 
the laryngectomees. In this paper, only tracheoesophageal (TE) speakers will be 
discussed. Especially the voice quality of TE speakers has been studied quite 
extensively, also in Dutch [Van As, 2001]. The choice for that topic was motivated 
by the fact that especially the voice source has altered dramatically. The question 
is if a loss in voice quality also entails a loss in intelligibility. However, TE speech 
intelligibility has received relatively little attention abroad and in the Netherlands. 
There are studies that have looked at TE speech intelligibility but unfortunately, 
most of these studies were limited in scope and most of them only focused on 
phoneme intelligibility [Doyle, Danhauer & Reed, 1988; Hammarberg, Lundström 
& Nord, 1990; Miralles & Cervera, 1995; Roeleven & Polak, 1999; Oubrie, 1999; 
Boon-Kamma, 2001; Searl, Carpenter & Banta, 2001; Lundström & Hammarberg, 
2004]. Nevertheless, these studies rendered interesting and valuable information 
on TE speech intelligibility and all showed that TE speech is less intelligible than 
normal laryngeal (NL) speech. The results of these studies were later confirmed 
by our own study in which almost all levels of TE speech were studied: from 
phoneme level to spontaneous speech [Jongmans et al., 2006]. It appeared that 
the TE speakers in our perception experiment showed an overall consonant 
intelligibility rate of 72% and a vowel intelligibility rate of 74%. This rate is much 
lower than the 93% consonant correct score for normal laryngeal speakers as 
found by Pols (1983) for CVCVC nonsense words and the 84% vowel correct 
score as found by Koopmans-van Beinum (1980) for CVC words. Other problems 
found for TE speakers are conveying sentence accent accurately [Van Rossum 
et al., 2002] and problems with intonation and timing [Roozen, 2005]. 
 
A diminished intelligibility should be taken seriously as intelligible speech is a 
prerequisite for communication. Optimizing intelligibility will improve 
communicative ability (e.g., conversing over the telephone), independence, and 
ultimately quality of life [Ackerstaff et al., 1994]. However, despite the evidence 
that TE speakers have problems with a number of phonemes and features, as 
well as with intonation and timing, speech language pathologists (SLPs) do not 
routinely provide the patient with a rehabilitation program that covers both voice 
and speech quality. At present, the main goal is usually to establish an audible 
voice of acceptable quality. Also, prosthesis care (deservedly) receives much 
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attention during therapy. This contrasts with the training of electrolarynx (EL) and 
esophageal (E) speech, during which articulation does receive more attention. 
Studies have compared the different speech modes and found TE intelligibility 
more favorable than EL or E speech [e.g. Williams & Watson, 1987; Pindzola & 
Cain, 1988; Debruyne et al., 1994 & Max, Steurs & De Bruijn, 1996]. It might be 
that TE speech is perceived to be so much more intelligible than EL and E 
speech, that it causes a shift in the SLP’s focus of training from articulation 
training to prosthesis use/care and stoma occlusion. Additionally, busy hospital 
schedules and limited resources might prevent SLP’s from investing extra time in 
intelligibility training. Many researchers and SLP’s throughout the world, however, 
recognize that there is more to gain for the patient through specific intelligibility 
training. To quote Searl (2004): “I simply want to remind myself and others not to 
settle for merely usable speech, but rather to work towards the best speech 
possible for each laryngectomee.” In the same article he expresses surprise that 
about 10% loss of intelligibility in stroke patients is considered serious enough to 
warrant training whereas professionals are “content to let an intelligibility deficit of 
this magnitude (or greater!) go unaddressed in the laryngectomee patient.” 
 
Apart from the abovementioned reasons there is another explanation why 
intelligibility in TE speech might be neglected. For Dutch, no large scale studies 
analyzing TE speech intelligibility had been performed so far. Thus, there was no 
experimental evidence that intelligibility might be compromised. Without this 
evidence, there would not be much incentive to develop an (evidence-based) 
therapy program. However, results from our earlier studies have shown that the 
rationale for developing an evidence-based therapy program is obvious. 
 
The goal of our study was to develop a program that has the potential to improve 
intelligibility in TE speech. The typical TE speech problems that were found in our 
perception experiments and elsewhere in the literature form the basis of this 
program. A systematic literature search was performed to see if any evidence-
based therapies or training techniques could be found for laryngectomees in 
general and TE speakers in particular. This search rendered thirteen results, 
seven studies of which were evidence-based [Fitzpatrick, Gould & Nichols, 1980; 
Mase-Goldman, Allen & Nichols, 1988; Zeine & Brandt; 1988, Christensen & 
Dwyer; 1990; De Maddalena & Pfrang, 1993; Belloc, Vaissière & Brasnu, 1997; 
Wong Chung et al., 1998]. However, only two of those seven studies were based 
on TE speakers [Belloc Vaissière & Brasnu, 1997; De Maddalena & Pfrang, 
1993]. Whenever no adequate technique could be found, the expertise and 
experience of the two SLPs involved in the development of the program was 
used. 
 
The training consisted of nine one-hour lessons, divided over five weeks. Offering 
the same program to all speakers makes statistical analysis easier and sessions 
are easier to plan. Also, standardly, Dutch health insurance pays for nine 
sessions maximally. The program was divided into two main parts: lessons 1-6 
dealt with problematic phonemes and lessons 7-9 dealt with sentences and 
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spontaneous speech. This structure was to ensure a progression from phoneme 
level to spontaneous speech. 
In order to meet the demands of evidence-based rehabilitation, an effect study 
has been performed to measure if the training program has been successful. In 
effect studies like the present one, five levels of evidence can be distinguished 
(Moore, McQuay & Gray, 1995). This study has level III evidence: Evidence from 
well designed trials without randomization, with a single group performing pre 
and post tests. In order to asses the effect of therapy, we performed several pre 
and post tests. By comparing pre and post test scores, it can be established 
whether therapy has been successful. With this study we hoped to answer two 
main questions: can TE speech intelligibility be improved by specific speech 
therapy and is the set-up of the developed program suitable for its purpose. In 
this paper, the effect study and its outcomes will be discussed. For more details 
see Jongmans (2008). 

2. Patients/Materials and Methods 

2.1.Subject selection 
 
In order to obtain a subject group as homogeneous as possible, selection criteria 
were formulated. The most important criteria were that speakers had undergone 
a standard total laryngectomy, that time after the operation was longer than six 
months and that speakers did not have excessive problems producing voice as 
this usually indicates other physiological or anatomical problems. Ten subjects 
could be maximally accommodated and eventually, nine TE speakers 
participated in the study. Speakers had a mean age of 64;9 (range 54;11-82;9) 
and mean time after TLE was 5;6 (range 0;7-13;7). All speakers but one had 
received radiation. Due to the limited pool of potential participants, two of the 
speakers included had additional resections: one with a Gastric pull-up and one 
with a PM flap. 

2.2. Recordings 
 
Recordings for the pre and post tests were made in a sound-treated room with a 
Sennheiser MD421 Dynamic Microphone and an Edirol (Roland) R-1 portable 24 
bit digital wave audio recorder. The maximum recording level was chosen for all 
speakers and then fixed. 

2.3. Pre and post tests 
 
The pre and post tests consisted of three different listening experiments 
performed by different groups of listeners as well as study-specific questionnaires 
filled out by the subjects and their relatives. The idea behind this variation in tests 
and listeners is that TE speech intelligibility can be tested at different levels (from 
phoneme to discourse level) and that each listener group will evaluate speech 
intelligibility in a different way. Speech pathologists, for example, having their 
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professional frame of reference, will use different strategies when judging TE 
speech than naïve listeners will. By using several tasks it is hoped to create as 
complete a picture of intelligibility as possible implying different levels: from 
overall subjective impressions to transcription at phoneme level.  
 
The pre and post tests can roughly be divided into two groups: on the one hand 
phoneme and sentence intelligibility tests (sect. 2.3.1) and on the other hand 
qualitative judgments of intelligibility and the influence of the speaker’s 
intelligibility on daily life (semantic scales and questionnaires), see sect. 2.3.2. 

2.3.1. Phoneme and sentence intelligibility tests 
 
The participants were asked to read out loud syllables and Semantically 
Unpredictable Sentences (SUS), e.g. “Het scherpe boek vormt de tuin” (the sharp 
book shapes the garden) both before and after the therapy program [Benoit, 
Grice & Hazan, 1996]. The syllables consisted of the Dutch consonants /p b t d k 
h x f v s z l n m/ in combination with the vowels /a i u/ in CV and CVC (nonsense) 
words. These consonants were trained specifically in the therapy program. All 
Dutch vowels, including diphthongs were tested in CVC words. Where possible, 
minimal pairs were used differing only in the length of the vowel (for example 
bom versus boom). A set of five SUS sentences were also recorded for each 
speaker. 
 
Ten phonetically trained, naïve listeners were asked to identify phonemes and 
semantically unpredictable sentences. Listeners had a mean age of 45.4 (range 
27-65). The listening experiment was performed online, so that people could 
perform the experiment in the comfort of their own home. After listening to a 
stimulus, they typed in what they perceived in normal spelling, which is 
unambiguous in Dutch. The program automatically rendered response files that 
were used for further analysis. 
 
The participants also read out loud 25 existing words belonging to the so called 
‘Dyva’ test, a standardized test normally used for dysarthric speakers 
[Dharmaperwira-Prins, 1998]. The advantage of this wordlist is that it includes all 
Dutch vowels and consonants plus a range of consonant clusters. The fact that 
the test is standardized makes it easier to compare the outcomes of the subjects. 
Another reason why this test was used is that this is the only known standardized 
intelligibility test in the clinical setting. This lack of tests may be filled in the future 
by the development of a new instrument for testing intelligibility, developed in 
Belgium by De Bodt, Guns & Van Nuffelen (2006). Unfortunately this test was not 
available yet at the time of testing. 
 
Six Speech Language Pathologists (all female) participated because they are 
considered analytical listeners, who are not distracted by the voice quality of the 
speaker and hence may give a different judgment as compared to naïve 
experienced listeners (phoneticians). SLP’s had to have at least 6 months 
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experience with TE speakers. Mean age of the SLP’s was 40 (range 26-59). 
They also performed the experiment online. During the test, the listeners saw on 
the screen which word was spoken at that moment. First, the quality of the 
‘target’ consonants and vowels were judged, which were marked on the screen: if 
they were produced correctly, the listener could go to the next stimulus; if they 
were not produced correctly, listeners deleted that particular target sound in the 
text box. Then, the listener typed in exactly what she perceived in normal spelling 
(the whole word). There was also room for additional comments. The original test 
only counts the number of errors (how many target sounds were erased) and not 
the type of errors. However, the results of the phoneticians in the first experiment 
will provide information on the type of errors made, just as the whole response 
given by the SLP’s. 

2.3.2. Semantic scaling and study-specific, structured questionnaires 
 
Speakers were asked to read out loud an adapted text from the newspaper about 
maltreated bears and were then told to retell the story. Ten naïve listeners (mean 
age 52 years; range 40-68 years) were asked to evaluate speech intelligibility 
and voice-quality-related aspects of (semi) spontaneous and read-aloud speech. 
These types of speech come closest to normal connected speech. In this 
experiment, the naïve listeners rated how well TE speakers can be understood 
and how their voice sounds. For this purpose, semantic bipolar 7-points scales 
were used. Furthermore, there was one scale which concerned an overall 
judgment, this scale had only three options: good, moderate and poor. It was 
included here as it had been proven to be a useful scale in the voice quality 
related perception experiment performed by Van As et al. (1999). 
 
A judgment was wanted on specific aspects of TE speech, especially on those 
aspects that were trained during the therapy program. Voice quality is known to 
be affected as well and as this may influence the overall intelligibility, voice 
quality related scales were also included. The scales represent the following 
aspects: intelligibility, articulation, intonation, rhythm, loudness and voice quality. 
There is overlap in meaning for some of the scales. The difficulty with semantic 
scales is that the terms used may not mean the same to all listeners [Fagel, Van 
Herpt & Boves, 1983]. Results were expected to show that some terms give 
better results than others and that based on these results a subset of scales can 
be distinguished that represents the underlying perceptual dimension. 
 
Each speaker and a close relative also filled out study-specific, structured 
questionnaires. The questions used were in part taken from a laryngectomy 
quality-of-life questionnaire devised and in long-term use in the Netherlands 
Cancer Institute and then complemented by specific questions formulated for the 
current study [Ackerstaff et al., 1994]. The questions were all phrased as 
multiple-choice and required the expression of the opinion on how speech 
intelligibility of the subject affected daily life. The questionnaires were used to get 
an idea of how satisfied the speakers and their relatives are with the speech of 
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the TE speaker and also if there is a difference in satisfaction rate between the 
TE speakers and their relatives. 

2.4. Statistics 
 
For the phoneme and sentence intelligibility tasks, first Cronbach’s alpha was 
used to calculate inter-rater reliability. The McNemar test for two related samples 
was used to compare the results from the pre and post test to see if any 
significant differences can be established. For the questionnaires, a Wilcoxon 
signed ranks test for related samples was used to investigate the difference 
between the pre and post test scores. A Mann-Whitney test for independent 
samples was used to investigate the difference between the speakers and their 
relatives. For the semantic scales, first the reliability of each scale was calculated 
using Cronbach’s alpha. Only scales with a coefficient higher than .70 were 
included for further analysis. A Principal Component (PC) analysis was 
performed to investigate the relations between the semantic scales. After the PC 
analysis a VARIMAX rotation was performed, by which the variance of the 
component loadings is maximized per factor. Only components with 
eigenvalues>1 were included. 

2.5 Praat 
 
The program Praat was used to prepare stimuli for the listening experiment 
[www.praat.org]. 

3. Results 
 
In this section, first the results of the phoneme and sentence identification 
experiment as performed by the phonetically trained listeners and the results of 
the Dyva experiment as performed by the speech language pathologists (SLPs) 
will be discussed. After that, the results of the questionnaires and the semantic 
scaling experiment will be presented. 

3.1.Phoneme and sentence intelligibility tests 

3.1.1. Phoneme and sentence intelligibility test by phonetically trained listeners: 
consonants 
 
For the consonants the inter-rater reliability was .747 and .796 for initial and 
medial position in the pre test and .747 and .767 for initial and medial position in 
the post test, respectively. 
 
The following table shows the overall percentage correct scores for all nine 
speakers individually, as well as the mean scores, both for initial and medial 
consonants in the pre and post test. 
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Table 3.1. Percentage correct scores for the individual speakers and the mean 
scores per test and per position. The bold numbers indicate the speaker with the 
greatest deterioration in score; the bold and italicized numbers indicate the highest 
improvement. 

 
 1 2 3 4 5 6 7 8 9 Mean 

Pre initial 62 75 71 61 67 56 71 58 83 67 
Post initial 72 76 79 68 77 66 69 72 86 74 
Pre medial 68 82 78 69 75 63 75 66 78 73 
Post medial 80 78 70 86 84 67 83 79 82 79 

 
The table above shows a range of 56-83 percent correct for initial position in the 
pre test. The range is smaller (66-86) in the post test. There are large differences 
between the percentages of improvement of individual speakers. Speaker 8 
shows the highest improvement for initial position (a difference of 14%), whereas 
speaker 7 shows a small deterioration. For medial position, the pre test shows a 
range of 63-82 percent correct, against a range of 67-83 percent correct in the 
post test. Again considerable differences between individual improvements are 
found: speaker 4 shows the highest improvement of 17%, whereas speaker 3 
shows a decrease of 8%. This table also shows that speakers do not always 
score consistently: a high improvement in initial position does not necessarily 
mean a high improvement in medial position, just as a decrease in score in initial 
position does not mean the speaker will show a decrease in medial position.  
 
The following table lists the mean percentage correct score for the pre and post 
test per manner of articulation for initial position. The phonemes included are /p b 
t d k h x f v s z l n m/. 
 

Table 3.2. Mean percentage correct score per manner of articulation and the overall 
score for the pre and post tests for initial position, with the ranges between brackets 
and the significance in the last column. 

 
Initial position 

 Pre test (range) Post test (range) Sign. 
Plosives 77 (66-89) 79 (61-92) NS 

Fricatives 50 (35-83) 62 (31-87) p<.01 
Nasals 88 (72-97) 87 (75-93) NS 

Approximant /l/ 77 (50-95) 83 (60-95) NS 
Mean 67 (56-83) 74 (66-86) p<.01 

 
It can be seen in Table 3.2 that there is an overall significant improvement 
between the pre and post test. Closer inspection of Table 3.2 shows that this 
improvement is entirely caused by the fricatives that score much higher in the 
post test. The other categories only show marginal improvements and the nasals 
show no improvement at all.  
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In the next table, the mean results for medial consonant position are given. 
 

Table 3.3. Mean percentage correct score per manner of articulation and the overall 
score for the pre and post tests for medial position, with the ranges between brackets 
and the significance in the last column. 

 
Medial position 

 Pre test (range) Post test (range) Sign. 
Plosives 81 (64-98) 86 (66-97) p<.01 
Fricatives 62 (49-79) 69 (59-83) p<.01 

Nasals 73 (40-92) 86 (72-97) p<.01 
Approximants 90 (57-100) 92 (70-100) NS 

Mean 73 (63-82) 79 (70-86) p<.01 
 
Table 3.3 for medial position shows even more promising results than Table 3.2. 
Again, there is a significant overall improvement. However, in medial position, 
three of the four categories show significantly higher scores. Only the 
approximant /l/ does not improve significantly. The nasals show the greatest 
improvement in percentages. 
 
When initial position and medial position are compared with each other, it can be 
seen that more categories improve significantly in medial position. The mean 
scores, both for the pre test and the post test are also higher in medial position. It 
seems to be easier for TE speakers to produce consonants between vowels (and 
apparently it is also easier to apply the techniques learned for consonants in 
medial position). However, it is not only interesting to look at the overall scores, 
but also to look at the individual scores. Table 3.4 summarizes the significant 
increases and decreases in score for the individual speakers per manner of 
articulation and per position. 
 

Table 3.4. Statistically significant increases (+) and decreases (-) in phoneme 
intelligibility per patient and per category. 

 
 1 2 3 4 5 6 7 8 9 

Initial plosives      +    
Initial fricatives + + + + + +  +  
Initial nasals  -        

Initial approximants          
Medial plosives + -  +  + +   
Medial fricatives   - + +  + +  
Medial nasals   +     + + 

Medial approximants         - 
 
Table 3.4 shows that even when an overall significant improvement is found, it 
does not necessarily mean that all speakers improved their score. 
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3.1.2. Phoneme and sentence intelligibility test by phonetically trained listeners: 
vowels 
 
For the vowels, the inter-rater reliability was .78 for the pre test and .76 for the 
post test, respectively. One of the ten listeners was left out for this particular part 
of the experiment as this person failed to complete this vowel test. Table 3.5 
shows the individual overall scores for the pre and post test. 
 

Table 3.5. Individual and mean scores for vowels in the pre and post test. The 
numbers in bold indicate the speaker with the greatest deterioration; bold italicized 
numbers indicate the highest improvement. 

 
 1 2 3 4 5 6 7 8 9 Mean 

Pre 97 97 97 98 89 92 97 76 90 93 
Post 98 99 93 91 91 92 99 86 95 94 

 
The first thing to notice from Table 3.5 is that the overall scores are all very high, 
except the pre test score of speaker 8. This is the person with most room for 
improvement, which he exploits rather well with an absolute improvement of 
10%. Speakers 3 and 4 show a decrease in score, but their post test scores are 
still close to normal laryngeal scores (Koopmans-van Beinum, 1980). As with the 
consonants, it is also interesting to look at the scores for the types of vowels: 
long and short vowels and diphthongs. Table 3.6 shows these results. 
 

Table 3.6. Mean scores per vowel type and overall with the ranges between 
brackets and the significance in the last column. 

 
 Pre test (range) Post test (range) Sign. (range) 

Short vowels 87 (68-100) 89 (72-98) NS 
Long vowels 95 (75-100) 96 (87-100) NS 
Diphthongs 96 (74-100) 96 (80-100) NS 

Mean 93 (76-98) 94 (86-99) NS 
 
Table 3.6 shows that none of the categories improve significantly, which was to 
be expected considering the high overall pre test scores. When the individual 
scores are considered, only two speakers show a significant difference between 
their pre and post test: speaker 9 shows a significant improvement for the short 
vowels from 76% to 96% correct. For the long vowels speaker 4 shows a 
significantly lower score for the post test (from 100% to 91%). However, even the 
lower post test score for speaker 4 is still very high. 

3.1.3. Phoneme and sentence intelligibility test by phonetically trained listeners: 
SUS sentences 
 
The inter-rater reliability for the SUS intelligibility pre test is .88 and for the post 
test .85, respectively. Table 3.7 shows the individual percentage correct scores 
and the mean scores for the SUS sentences in the pre and post test. 
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Table 3.7. Individual scores for the SUS sentences and the mean score. The bold and 
italicized percentages indicate the greatest improvement. * indicates a significant 
difference. 

 
 1 2 3 4 5 6 7 8 9 Mean 

Pre 46 80 70 26 32 20 70 30 40 46 
Post 64 86 78 44* 54* 46* 86* 34 44 60* 

 
It is apparent from Table 3.7 that there are large individual differences with pre 
test scores ranging from 20% to 80% and post test scores from 34% to 86%. It 
can also be seen that all speakers improve their scores, most of them quite 
considerably, with the greatest improvement for speaker 6 who also had most to 
gain. However, significance could only be established for speakers 4 and 7 
(p<.05) and speakers 5 and 6 (p<.01). It should be emphasized that also the 
overall improvement is significant (p <.01). 

3.1.4. Dyva phoneme intelligibility test with Speech Language Pathologists 
 
Inter-rater reliability for the Dyva test results is .72 for the pre test and .71 for the 
post test based on six speech language pathologists. Even though in this test the 
target phonemes consist of consonants, consonant clusters and vowels, in the 
final scoring no distinction is made between these different categories. The test in 
its original set-up is not concerned with the kind of mistakes made, but only with 
the number of mistakes made. In the original test, speakers belong to one of five 
categories: normal, lightly impaired, moderately impaired, severely impaired, and 
maximally impaired. However, as the Dyva test in the present study is used for a 
different category of ‘pathological’ speakers, and dysarthric patients are obviously 
not comparable to laryngectomized individuals, this study chose to look at the 
percentage correct score of the individual speakers for the pre and post test, just 
as in the other phoneme identification tests. Table 3.9 shows those results. 
 

Table 3.8. Individual score for the ‘dyva’ test and the overall score in percentages. The 
bold and italicized percentages indicate the greatest improvement. * indicates a 
significant difference. 

 
 1 2 3 4 5 6 7 8 9 Mean 

Pre 89 95 96 91 94 89 92 87 84 91 
Post 93* 97 96 90 94 91 94 90 95* 93* 

 
Table 3.8 shows that all speakers scored high in the pre test. This means that 
there is not much room for improvement. However, six out of nine speakers 
improve their score in the post test, with speaker 9 showing the greatest 
improvement. Even though the improvements are only small and only significant 
for speaker 1 (p<.05) and 9 (p <.01), the overall improvement is significant.  
 
Even though this test was validated for a different type of speaker, the outcome 
of this validated test shows that overall the impairment in intelligibility at the 
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phoneme level only seems to be moderate and that there is a trend towards a 
positive effect of the therapy program on TE speech intelligibility. 

3.2. Questionnaires and semantic scaling experiment 
 
In this section, first the results of the different questionnaires will be discussed, 
followed by a discussion of the semantic scale judgments. 

3.2.1. Study-specific structured questionnaires for speakers and their relatives 
 
The study-specific structured questionnaires consisted of 11 questions for the 
speakers and 10 questions for the relatives with slight adaptations in the 
formulation. The questions were the same for both types of raters, except that the 
11th question applied only to TE speakers themselves. Each question had four 
reply options, with the first option being the most negative one and the last option 
the most positive. The numbers one to four were allocated as scores to these 
options. 
 
In the following table the overall average scores are shown for the speakers and 
their relatives for the pre and post test scores. These scores are based on eight 
speakers and eight relatives, as one speaker failed to hand in his questionnaire 
(speaker 9). A word of caution is necessary: the questionnaires are limited in 
length and there are only two raters per speaker: the speaker himself and one 
relative. The limited amount of data makes it difficult to perform statistics. 
 

Table 3.9. Average scores for the speakers and their relatives on the questionnaire. 
The significance level indicates whether a difference exists between pre and post test 
(rightmost column) or between speakers and relatives (last row). 

 
 Pre Post Significance

Speakers 2.88 3.18 P<.01 
Relatives 3.21 3.35 NS 

Significance P<.01 NS  
 
From Table 3.9 it can be seen that, on average, speakers themselves scored 
significantly higher in the post test, meaning they were more positive about their 
intelligibility than at the start of the therapy. It should be noted, though, that only 
two speakers improve significantly. The judgment of the relatives did not improve 
significantly. Relatives generally appear to have a more favorable opinion of the 
speaker’s intelligibility than the speakers themselves. This difference is significant 
in the pre test, but disappears in the post test. 
 
It is also interesting to look at the scores for each of the eleven questions that are 
shown in Table 3.10. Some of the questions are discussed below. It is however 
difficult to perform statistics, as there are only 8 speakers or relatives per 
question. 
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Table 3.10. Scores per question for the speakers’ and their relatives’ pre and post test. 
NA means this question was not scored in the questionnaire of that relative. Scores 
are based on eight subjects. 

 
Questions 1 2 3 4 5 6 7 8 9 10 11 

Pre 3.4 3.3 3.1 1.7 3.1 2.9 2.2 2.9 2.0 3.2 3.2 speakers Post 3.6 3.4 3.1 2.2 3.3 2.9 3.2 3.2 2.6 3.3 3.6 
Pre 3.6 3.4 3.2 2.1 3.6 3.6 2.9 3.8 2.9 3.3 NA relatives Post 3.7 3.4 3.3 2.8 3.7 3.4 3.2 3.4 2.9 3.1 NA 

 
It can be seen from Table 3.10 that the speakers show higher scores on all 
questions in the post test, but these improvements are mostly small. Three 
questions show a higher improvement: questions 4, 7 and 9. These were also the 
questions that initially scored lowest and hence had most room for improvement. 
Question 4 concerns the intelligibility at parties. It can be assumed that by 
training clear speech, intelligibility in especially these circumstances will improve. 
Question 7 concerns the speech rate. Again, this is an aspect that has been 
trained specifically during therapy. Question 9 concerns the pleasantness of the 
speech. This aspect has not been trained as such, but it is likely that when other 
aspects of intelligibility improve, the overall pleasantness will improve as well. 
 
The relatives show a slightly different pattern: not all questions show 
improvement, but both increases and decreases in scores are small. Just as with 
the speakers, the largest improvements can be found for question 4 and 9, 
followed by question 7. The speakers and relatives seem to agree on these 
aspects, although it should be mentioned that no significant correlation could be 
established between the speakers’ own judgments and their relatives’ judgments. 

3.2.2. Semantic scaling experiment for naïve listeners 
 
Ten naïve and inexperienced listeners judged the subjects’ speech by using 
semantic bipolar 7-points scales. Two types of speech material were used for this 
experiment: read-aloud text and a recount of the same story. Inter-rater reliability 
was .887 both for the retelling and reading aloud task in the pre test, and .872 
and .884 for the retelling and reading aloud task in the post test, respectively. 
Table 3.11 shows the overall results for both types of speech material for all 18 
scales together. The higher the mean score, the better speech intelligibility was 
judged to be. 
 

Table 3.11. Overall score plus ranges for retelling and reading aloud in the pre and 
post test of the semantic scale judgment. 

 
 Pre (range) Post (range) Significance 

Retelling 4.07 (2.97-4.98) 3.83 (2.64-4.29) P<.01 
Reading aloud 3.91 (2.98-5.07) 3.94 (3.03-4.97) NS 
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Table 3.11 shows that the rating for the retelling task is significantly lower in the 
post test than in the pre test. The rating for the reading aloud task improves 
slightly, but not significantly. 
 
In this type of experiment, it is more interesting to look at the separate scales in 
order to see if listeners distinguish between certain categories or if speakers 
improve or score worse on particular categories. A Principal Component analysis 
was performed to see which scales represent the same underlying category. Due 
to limited space, we cannot discuss the results of the Principal Component 
analysis at great length. However, in general it was found that listeners do not 
distinguish between intelligibility and articulation scales, and between rhythm and 
intonation scales. In addition, the general judgment scale (good-moderate-poor) 
was always a general judgment on voice quality rather than speech intelligibility. 
Unfortunately, the contents of the components differed somewhat between the 
reading aloud and the retelling task, and between the pre and post test. This 
made it difficult to make comparisons between the pre and post tests. A reduction 
of scales according to Fagel, Van Herpt & Boves (1983) also did not result in 
similar components for the pre and post tests. To make comparison possible, it 
was decided to take the components from the pre test and to compare the scores 
of the scales belonging to these components with the scores in the post test. The 
name given to the components is meant to represent the common theme of the 
component. For that reason, it has been decided to choose the term ‘intelligibility’ 
for both the intelligibility and the articulation scales. The following tables give the 
scores per component for the pre and post test.  
 

Table 3.12a.  Scores for the different components for the pre and post test for the 
retelling task, based on the pre test components.  

 
Retelling 

Category pre test post test sign. 
Intelligibility/rate/rhythm 4.35 4.12 p<.01 

Voice quality 2.99 2.82 p<.05 
Liveliness/loudness 4.36 3.94 p<.01 

   
Table 3.12b. Scores for the different components for the pre and post test for the 
reading aloud task, based on the pre test components.  

 
Reading aloud 

Category pre test post test sign. 
Intelligibility 3.98 4.28 p<.01
Voice quality 2.85 2.85 NS 

Liveliness/rate 4.46 4.29 p<.05
Loudness 4.32 3.68 p<.01
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From Table 3.12a above it can be seen that intelligibility deteriorates for the 
retelling task. This component also consists of the scales on rhythm and rate. In 
the reading aloud task, however, intelligibility improves according to the scores. 
The voice quality scales deteriorate slightly in the retelling task and stay the 
same in the reading aloud task. It has to be kept in mind, however, that there 
were no exercises in the program to improve voice quality. Component 3 of the 
retelling task includes the scales on loudness and liveliness. Even though lower 
scores are seen for the post test, it does not necessarily mean the speaker has 
performed worse, just as for the scales on liveliness and rate (component 3 for 
the reading aloud task). Clear speech was used in the training program to 
improve connected speech. This technique advocates a slower speaking rate 
and a comfortable loudness level without straining the voice, rather than very 
loud speech. The scores in this test suggest that speakers actually employed this 
technique correctly, but in a somewhat exaggerated manner. This may have 
caused their speech to sound more boring or unnatural. 

4. Discussion and Conclusions 
 
As was discussed in the introduction, a training program was developed for TE 
speakers, with its contents based on the most common problems found in TE 
speech. Where possible, the techniques in the program were based on evidence-
based studies, or else on experience-based studies (training manuals). Nine TE 
speakers received nine one-hour sessions divided over five weeks. In order to 
study the effect of the training program, several pre and post tests were used, 
results of which have been described in this paper. 
 
The pre and post tests can roughly be divided into two categories: the phoneme 
and sentence intelligibility tests, as performed by phonetically trained listeners 
and speech language pathologists on the one hand, and on the other hand 
study-specific questionnaires and a semantic scaling experiment. By using 
different types of experiments with different types of raters, we hoped to create a 
picture of TE speech intelligibility as complete as possible. 
 
Results showed that consonant intelligibility improved, especially in medial 
position. The production of the voiced-voiceless distinction also improved 
significantly and as the most common problem for TE speakers is the production 
of this distinction, this is a good result. The intelligibility of the (semantically 
unpredictable) sentences also improved. After only five weeks of training, these 
results are very positive. However, when the reading aloud and retelling task is 
taken into account, no improvement can be found. A deterioration in score was 
even found for the retelling task. At this point, one can only speculate as to why 
these results were found. Relatively little time was devoted to connected 
(spontaneous) speech in the therapy program. In only three sessions, subjects 
were instructed on clear speech and then asked to practice on sentences, short 
reading passages and short monologues and dialogues. It may be the case that 
more time is needed for the progression from phoneme/word level to 
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spontaneous speech. The fact that reading aloud was practiced during therapy 
probably explains the fact that a (non significant) improvement was found for the 
reading aloud task, but not for the retelling of the story (which was not practiced). 
In addition, the use of clear speech may not be an automatic process yet. 
Another reason for the low scores could be that retelling a story is a difficult task. 
Even though the subject was told the information did not need to be correct, 
subjects did try and remember what they had been reading, causing a slow 
speech rate and many hesitations. And since patients after the therapy were 
trying harder, the retelling task became more difficult and is even less 
comparable with running spontaneous speech. In retrospect, it would have been 
better to let the subjects talk spontaneously about matters that occur in their daily 
life. 
 
Another positive result, however, was found for the questionnaires as filled out by 
the speakers themselves. At closer inspection, this result was mainly based on 
the improvement of two speakers. However, it is difficult with a short 
questionnaire consisting of 4-point answers (1-4) to obtain significant results. 
Nevertheless, subjects apparently were more critical about their own intelligibility 
than their relatives were. After completing the therapy program, however, they 
felt more comfortable with their speech and this difference of opinion with their 
relatives disappeared. The fact that the relatives did not improve their scores is 
likely to be caused by the fact that mean scores were already quite high. 
Improvement would have meant near perfect scores, which even after intensive 
training would be very unlikely. 
 
In the introduction, two main research questions were formulated. The first 
question was if TE speech intelligibility can be improved by specific speech 
training. This question can be answered affirmatively as training consonant, 
vowel and sentence intelligibility seems to be beneficial for this group of 
speakers. However, a better articulation of phonemes alone is not sufficient for 
intelligible speech and it was found that no improvement could be found for the 
retelling and reading aloud task. This leads to the second question about the set-
up of the program, which is more complicated to answer. With ‘set-up’, both the 
structure of the program and whether the pre and post tests were appropriate is 
meant. Where the structure of the program is concerned, adjustments will have to 
be made, mostly based on the opinion of the SLP’s and the experience of the 
author. To improve spontaneous speech as well, more time spent on training 
spontaneous speech intelligibility is required. The best option would probably be 
to increase the number of sessions. For this, the health insurance authorities 
have to be convinced and the results obtained with the present program provide 
good arguments for this increase in the number of sessions. Where the 
phonemes are concerned, it seems that the right techniques were chosen and 
that the time spent on training them was sufficient. 
 
It can be concluded that as a result of our study we now have a promising 
rehabilitation tool to improve TE speech intelligibility: the fact that phoneme 
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intelligibility improved after only five weeks of training is a positive results that 
shows that TE speakers can be trained. In addition, all participants were positive 
about the program and the effect it had on them. Even when no objective 
improvement could be found, these laryngectomized individuals became more 
aware of their speech and felt more confident. It is our expectation, based on the 
results, that overall intelligibility can be improved as well. Based on the evaluation 
of the therapy program, this program can be optimized further with the aim of 
achieving the expected effects. And, obviously, the revised program should be 
evaluated again to see if the aims have been achieved. The main aim of a new 
evaluation study would be to further validate this training program and to make it 
available for general use in hospitals for all TE speakers. 
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