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Factors affecting the variability of speech
tracking results
Karl-Erik Spens

Abstract
De Fili ppo & Scott's (1978) speech tracking procedure or Connected Discourse
Tracking (CDT) has been used to train and evaluate the effectiveness of a number
of different speech communication aids. The method has been criti cised for having
many uncontrolled variables by several authors. This paper indicates some of the
major sources of variabilit y and some strategies to reduce the variabilit y are
discussed.

Introduction
De Fili ppo & Scott’s (1978) Speech tracking
procedure or Connected Discourse Tracking
(CDT) has been used to train and evaluate the
effectiveness of a number of different speech
communication aids. These were developed to
improve the lip-reading abili ty of profoundly
hearing impaired people (Owens & Raggio,
1987, see also Bernstein, 1992, and Weisen-
berger, 1992, for a review). However, the results
vary considerably, not only for different aids but
also, various authors evaluating similar or the

very same aids present results that are extremely
different (Fig. 1). CDT has been criticized for
having many uncontrolled variables (Tye-Murray
& Tyler, 1988; Hochberg et al., 1989).
Weisenberger (1995) has discussed some
possible sources of variabili ty. De Fili ppo (1992)
has also expressed careful interpretation of data.
Levitt et al. (1986) reported a necessary ratio of
aided and unaided score of 1.48 to reach
statistical significance at the 0.05 level. This
paper will discuss some strategies to reduce
unnecessary variation of the results obtained
from CDT tests.
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Figure 1 shows differences of speech tracking results in the “ lip-reading only” condition,
obtained by different authors and the varying benefit obtained when supported by a variety of
tactile aids. Tactile device name, subject or number of subjects, hearing status, and training
time is indicated.
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Procedure and parameters
affecting the variability
In speech tracking, the sender reads from a book
phrase by phrase. The receiver is required to
repeat back what is said without any errors. If
errors are made, the sender repeats the phrase or
uses other strategies to enable correct identi-
fication. At the completion of a specified time
period (usually 5 or 10 minutes), the number of
words correctly identified is calculated and
divided by the time elapsed to give a word-per-
minute (wpm) rate. For example, if a subject is
able to correctly repeat back 356 words in a 10-
minute Speech tracking session s/he has a
tracking rate of 35.6 wpm

The tracking score variabili ty which stem
from the following parameters will be considered
in this paper:
• Text difficulty
• Text presentation
• Speaking rate
• Repair strategies
• Some language characteristics
• Scoring metric
• Environmental factors

Text difficulty
Hochberg et al. (1989) have investigated how the
sender-receiver pair and the text diff iculty will
influence the result and conclude that it is not
appropriate to compare tracking results across
different sender-receiver pairs. It is intuitively
obvious that changing the text diff iculty will have
an effect on the CDT score. If all other
parameters could be kept constant, a good
technical aid should decrease the proportion of
corrected words needed to convey a certain text.
In this paper, the text diff iculty will be regarded
as only related to the subject rather than to a
general text diff iculty measure. (See also
Speaking rate).

The mental effort needed by the subject is
also part of the subject’s experienced text diff i-
culty. Several anecdotal evidence exist from
subjects stating that a technical aid does not
necessarily increase the lip-reading (tracking)
rate but certainly lowers the mental effort. Such
effects are important but will not be considered
in this paper.

Text presentation
Another variable related to text diff iculty and
sender characteristics is the sender’s choice of
average number of words per phrase. There is a

range of words per phrase which is reasonable,
not to many and not to few. However, there will
always be an influence from the average number
of words per phrase. Too many words per phrase
will i ncrease the probabili ty of errors and too few
will i ncrease the proportion of turn-taking time.
However, this parameter can be kept under
control by an in advance segmentation of the text
in phrases (lines) of appropriate lengths. To
avoid inter- and intra sender preferences of
number of presented words per phrase to have an
influence on the result, the distribution of words
per phrase should be locked. The computer
assisted tracking procedure suggested by
Gnosspelius & Spens (1992) allows for
describing the text material in simple statistical
terms, average number of words per phrase
(line), max., min., and distribution. This
procedure will l ater be referred to as the KTH-
procedure.

Speaking rate and text difficulty
Both the sender’s speaking rate and the text
diff iculty are strongly correlated to the subject’s
abili ty to perceive the read phrases. Therefore,
the two parameters influence on the tracking
score will be discussed together. The average
speaking rate can be calculated by measuring the
time used to convey the error free phrases and the
number of words in these phrases. This is done
automatically within the KTH procedure.

The adaptation of their own speaking rate
made by people talking to hearing-impaired
persons is reported by Picheny et al. (1986).
They found that the better articulated and slower
“clear speech” was presented with about half the
rate (100 wpm) compared to “conversational
speech” (200 wpm). It is obvious that the
subjective communication diff iculty in a lip-
reading situation will make most talkers use the
clear speech mode, which has a significantly
higher intelli gibili ty (Picheny et al., 1985, and
Plant et al., 1994). The CDT result of 50 wpm
obtained in a lip-reading situation would
correspond to the “clear speech” talking rate of
100 wpm. When the sender detects a lowered
probabili ty of blocked words he will eventually
try to increase his speaking rate up to the
conversation level of about 200 wpm. The
receiver may not increase his speed that much,
but the corresponding maximum rate will be in
the area of 80 to 100 wpm for a very good
communication system like the exempli fied LP
1000 Hz condition in Figure 2.
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The speaking rate is an uncontrolled sender/-
receiver characteristic containing the sender’s
speaking rate, the receiver’s turn-taking time and
speaking rate. These factors could vary at
random to some extent, at will , motivation or
bias (Tye-Murray & Tyler, 1988). When inter-
preting or comparing CDT results, the speaking
rate must be considered a very unreliable factor.
The speaking rate should therefore be monitored
in order to ensure that it does not vary too much
and that results to be compared are produced
using the same speaking rates. This described in
detail by Spens (1995).

The diff iculty of the text material should be
chosen in such a way that about the same
unaided baseline can be used for across-subject
comparisons.

Repair strategies
The lack of a standardised protocol for dealing
with breakdowns or “blockages” is a great
problem (Owens & Teleen, 1981) in under-
standing, when the receiver is unable to lip-read a
certain word or a phrase. Schoepflin & Levitt
(1991), for example, found large differences in

the correction or repair strategies used by
experimenters in various studies using CDT as
an evaluation method. Consequently, they argued
that the procedure is not standardised and subject
to a number of methodological variables. There
have been attempts to specify the procedures to
be used when blockages occur but none of these
appear to have won wide acceptance.

Tracking as described by De Fili ppo (1978) is
represented by the relation:

(1) L
W

T
s

s

= wpm

where L = the average wpm score, Ws = the total
number of words conveyed during one session,
and Ts = the session time in minutes.

The relation (1) can also be expressed like:

(2) L
L

1 W (k 1)
c

pb

=
+ −

wpm (Spens, 1995).

Here Lc corresponds to the maximum or error
free CDT rate (also referred to as the ceili ng
rate). Wpb corresponds to the proportion of
blocked words and k corresponds to the relative

Tracking rate (L), w.p.m. = f{ceiling rate (Lc) w.p.m. and proportion of blocked 
words (Wpb) %}.
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Figure 2 shows the results obtained by a normally-hearing subject when tracking materials were
presented via lip-reading alone and three audiovisual conditions with low-pass filtered (LPF) at
250, 500, and 1,000 Hz, respectively. There were three 10-minute tracking sessions in each
condition and the KTH-procedure was used. The repair strategy chosen was maximum two
repetitions and after that the blocked word was presented on a LED-screen. The graph indicates
that the CDT score is a function of both the speaking rate and the proportion of blocked words.
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average increase of time used to convey a
blocked word.

It is obvious that the k-value corresponding to
time losses caused by the corrections will have a
significant influence on the result. To wait for a
very long time in order to get a correct response
will of course lower the scores. However, the
relative benefit from an aid, i.e., the
aided/unaided ratio will become increased
(Spens, 1995).

In the KTH-procedure, there is a very simple
repair strategy of just repeating the blocked word
once or twice. If that is not enough, the blocked
word is presented on an LED-screen. This is of
course a trade off between natural
communication and stable correction time. This
is discussed in more detail in Spens (1995).

Language characteristics
Where studies are conducted in different
languages, it is most likely that the final result
will be influenced by differences in average word
length. For example, the average word length in
English is 6.09 letters/word (ls/w). However, in
Swedish, the average is 6.43 ls/w, and German
has as much as 7.69 ls/w. If you look at phonetic
data, which are more closely related to the time it
takes to pronounce a word, the average values
are 4.96, 5.94, and 6.78 phonemes/word,
respectively (Carlson et al., 1985). In Swedish
nouns, for example, all definite articles are
indicated by a suff ix, such as en hund (a dog)
and hunden (the dog), i.e., it is just one word,
while the English language uses two words to
convey the same information. If this relation is
linear, the use of Swedish in a tracking test
would yield a result with an about 20% lower
score than when English is used. A consequence
of such language differences will be a need for
some scaling factors to be used for across-
language comparisons of tracking results.
Another way to circumvent this problem would
be to use syllables per second instead of words
per second.

Scoring metrics
Some authors like De Fili ppo (1988) and Fenn &
Smith (1987) specify scoring schemes that will
have a modifying effect on the general relation
(1). De Fili ppo (1988) and others using her
procedure, specify a scoring design which does
include the time spent on resolving blocked
words outside the system, but it does

not include the number of words resolved outside
the system. If some words in the numerator is
omitted, that will of course have a negative effect
on the resulting CDT score. However, the
relative benefit from an aid, i.e., the relation
aided/unaided will become increased if the
proportion of words resolved outside the system
is lower in the aided situation.

For example, if the result is 50 wpm in an
aided condition and 40 wpm in a corresponding
unaided condition, the relative improvement
given by the aid would be 25% if all conveyed
words are counted. If , somewhat exaggerated,
there are 5 blocked wpm resolved outside the
system in the unaided condition and only 1 in the
aided, the final tracking score would be 49 and
35, respectively, if you omit these words, i.e., a
somewhat lower result in both conditions.
However, the relative improvement would be
49/35, which equals a 40% improvement in the
aided condition. Penalty schemes can increase
relative improvements even further.

Environmental factors
It is obvious that factors in the visual environ-
mental li ke light conditions, distance between
sender and receiver, and ease to read blocked
words corrected visually will have an influence
on the result. It is therefore important that these
conditions are well described and kept constant.
Erber (1971 and 1974) describes this.

Discussion and conclusions
Language, scoring and environmental factors are
relatively easy to keep constant and well
described. However, the tracking rate and even
more the relative benefit expressed as relative
increase in the aided condition will depend very
much on the ceili ng rate (Lc), the proportion of
blocked words (Wpb) and the relative time loss
per blocked word (k). The numerical model of
the speech tracking procedure (relation 2) clearly
indicates that the tracking rate is also depending
on language characteristics and the scoring
metric. If the text material is too diff icult, ceili ng
or floor effects could introduce unnecessary
variabili ty. The only way to circumvent the non-
predictable influence of a varying ceili ng or
maximum rate (Lc) is to monitor its constancy
across different conditions. The k-values should
also be stable, i.e. each correction effort should
take about the same time. The proportion of
blocked words (Wpb) would then be the main
parameter to
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influence the tracking rate. Then differences
between the aided and unaided rates would
correspond in a more consistent way to the
benefit of the aid.
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