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1 Introduction
Head and neck cancer patients who undergo surgical treat-
ment present a variety of physiological and anatomical
changes [1–3]. Because of these changes, the patients’ speech
is impacted. To create intelligible speech, these patients must
adopt new communication strategies. The present paper in-
troduces a measure of vowel dispersion that can be used in
analyzing patient communication strategies. The measure is
termed the “vowel dispersion index,” and it is an extension of
Story & Bunton’s work on vowel space density [4].

Changes in patients’ speech may be reflected in their F1-
by-F2 vowel space. Per Lindblom’s H&H theory [5], hyper-
articulated speech will use formant configurations that tend
toward the extremes of the vowel space. Lindblom has de-
scribed this style of speech as more effortful, but also easier
for a listener to interpret. On the other hand, hypoarticulated
speech uses formant configurations that tend toward the cen-
ter of the vowel space [6]. Following cancer treatment, the
head and neck cancer survivors may need to enhance acoustic
contrastiveness in their speech. It is reasonable to expect that
they will produce speech closer to the extremes of the avail-
able vowel space than the central region if they are to be un-
derstood. Indeed, it has been found that the area of patients’
vowel space is reduced after surgery with partial restoration
after rehabilitation [7].

Working with vowel space requires choosing a represen-
tation that can be reasoned about. One such representation is
the convex hull, which Story & Bunton use to examine vowel
space density [4]. In their work, vowel space density is a re-
flection of what proportion of time a speaker spends in a given
region of the vowel space for running speech. The vowel
dispersion index is an extension based off Story & Bunton’s
work on vowel space density. It provides an indication of how
diffuse a patient’s vowel productions are.

The remainder of the present paper is as follows. First,
the method of calculating the vowel dispersion index is briefly
described. Next, several illustrative examples of the vowel
dispersion index and the vowel space density for a patient are
presented. Finally, the paper concludes with a discussion of
the patients’ results and potential applications of the vowel
dispersion index.

2 Method
To calculate the vowel dispersion index, the vowel space den-
sity from Story & Bunton is calculated as in [4]. First, the
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formant tracks are calculated from a recording. Second, at
each point in a grid of possible formant values, the number of
points within a given radius is counted, giving an indication
of the density in that section. Third, the density values are
scaled to the invterval between 0 and 1. And, fourth, a con-
vex hull is calculated around the points that are at a value of
0.25 or higher.

Once the vowel space density has been determined, the
vowel dispersion index can be calculated. To find it, the mag-
nitudes of all the discrete gradient values are summed over
the vowel space. The result is what’s generally known as the
total variation, and here is referred to as the vowel dispersion
index. When considering the vowel space density as a topo-
graphic map, where dense areas represent high elevations and
sparse areas represent low elevations, the vowel dispersion in-
dex indicates how hilly the area is.

A high vowel density index indicates that there are many
elevation changes, and it represents diffuse vowel produc-
tions. In turn, diffuse vowel productions show a more diverse
use of the vowel space, indicating that the speaker is hyperar-
ticulating. A low value indicates that there are few elevation
changes, and the vowel produces are clustered together. In
such a case, a speaker is using little of the vowel space and
could be said to be hypoarticulating.

3 Results
The vowel space density, vowel dispersion index, and vowel
space area are presented here for two patients. A waiver
of consent was obtained to use their data and the proto-
col was approved by the Health Research Ethics Board of
Canada Cancer Committee (HREBA.CC-18-0689). At dif-
ferent stages in their treatment, they recorded the zoo pas-
sage, which is the recording that was analyzed for the present
study. The patients were recorded before their treatment, 1
month post-treatment, 6 months post-treatment, and 1 year
post-treatment. The values for the vowel dispersion index and
the vowel space area were calculated in a normalized space,
but the images are presented in the Hertz scale for ease of
interpretation.

A female patient’s speech may be seen in Figure 1. Note
the single large peak in the upper-right quadrant of the vowel
space pre-treatment, indicating a locus of where the majority
of the vowel productions occurred. There are also singular
large peaks in the space at 1 and 6 months post-treatment,
suggesting the patient is using similar speaking strategies to
their pre-operation strategies at 1 and 6 months after treat-
ment. However, at 1 year after their operation, they show a
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visually greater degree of dispersion. The vowel dispersion
index is also higher at the 1 year mark, suggesting that the
patient is using more of the overall vowel space. Such a strat-
egy may indicate that the patient is heightening the acoustic
contrastiveness of the segments in their speech to compensate
for their altered anatomy and physiology.

Figure 1: A female patient’s vowel space densities. Black is low
density, while yellow is high density. a) Pre-treatment. b) 1 month
post-treatment. c) 6 months post treatment. d) 1 year post-treatment.

A male patient’s speech may be seen in Figure 2. The
pre-operation, 1 month post operation, and 1 year post op-
eration recordings are visually similar, with single masses of
density surrounded by lower density regions. The mass in the
1 month post operation recording is smaller, however, permit-
ting more variation in the rest of the space, which is reflected
numerically in the vowel dispersion index. The 6 months post
operation recording stands out as showing greater dispersion,
which is also reflected in the vowel dispersion index.

Note from these two examples how the vowel dispersion
index and vowel space area are related to each other. While
some degree of correlation is expected between the two mea-
sures, they are conceptually distinct. The vowel dispersion
index offers an additional dimension to vowel space size in
describing speech production acoustics.

4 Discussion & Conclusion
The present paper introduced the vowel dispersion index. It
indicates the degree to which a speaker’s vowel productions
are diffuse in the vowel space throughout running speech. For
head and neck cancer patients, it can be used to study commu-
nication strategies they employ in compensation for anatom-
ical changes after their treatment. It is another tool for re-
searchers in objectively studying the speech of these patients.

But, the vowel dispersion index is not limited to the study
of head and neck cancer patients’ speech. It could be used to
study reduction patterns in speech, like those discussed in [5]
and [6]. Additionally, it could be used to investigate the de-
gree of acoustic contrast a speaker is employing in challeng-
ing situations, such as speech in noise, speech with objects in
the mouth, or speech where a part of the mouth is numbed.

Future work should focus on validating the vowel disper-

Figure 2: A male patient’s vowel space densities. Black is low
density, while yellow is high density. a) Pre-treatment. b) 1 month
post-treatment. c) 6 months post treatment. d) 1 year post-treatment.

sion index against other known variables, such as intelligibil-
ity for head and neck cancer patients and vowel centralization
for reduction studies. Other forms of representing the vowel
space density could be studied as well, such as Gaussian mix-
tures. The vowel dispersion index is a quantitative tool for
speech science.
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