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ABSTRACT

Speech level measurements were made for a collec-
tion of Diagnostic Rhyme Test (DRT) word lists as
used for intelligibility testing of voice communi-
cations systems. These measurements were used in
the generation of a subsequent set of DRT source
tapes for which all DRT list segments on the tapes
were equalized with respect to speech level. The
effects of this equalization on intelligibility
scores was evaluated for unprocessed and processed
speech (both parametric and waveform coding algo-
rithms). The manipulation of the speech levels for
the DRT lists did not result in significant, pre-
dictable, and replicable effects on either system
mean scores or on the DRT score variability across
lists. The absence of effects was noted for all
speech processing conditions and for both male and
female speakers. Practical advantages in the use
of the equalized word lists are discussed.

INTRODUCTION

In support of the DoD Digital Voice Processing
Consortium's (DVPC) testing of speech compression
algorithms the authors have been responsible for
the preparation of diagnostic intelligibility test
material. The measurement method used is the
Diagnostic Rhyme Test [1]. The DRT utilizes a set
of 96 rhyming word pairs to test the intelligi-
bility of the present and absent states of six
features of speech (i.e. voicing, nasality, susten—
tion, sibilation, graveness and compactness).
Various scramblings and speakers for the word set
are available in the form of audio recordings.
These tapes are used as the input test material for
the voice processor or communications system being
evaluated. The system's audio output is presented
to a crew of listeners whose tasks are to indicate
which of the rhyming words from each pair is per-
ceived to have been presented. Final scores are
corrected for guessing and averaged over the
listener crew. These scores are presented as the
percent correct listener response and are available
for Speaker, feature/state and total system in-—
telligibility.

Audible differences in speech level on the input
tapes from one DRT list to the next have been noted
by experienced DRT researchers with objective vali-
dation of these differences provided by VU meter
readings during the playback of the lists. The
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level differences occur across lists read bydiffer-
ent speakers as well as across lists read by the
same speaker (i.e., different word scramblings) [2].
Based upon the assumption that there exists a
functional relationship between the speech level of
an input word list and corresponding DRT score, it
is hypothesized that a reduction in speech level
variability across these lists will result in a
decrease in the variability of the DRT scores
across these same lists. This relationship is not
necessarily independent of type of processing per-
formed on the DRT word list or the voice qualities
of the speaker. In fact, various processors may
not be optimized for the dynamic range required by
some of the 3-Speaker input tapes. Experimental
support for the contention that speech-level varia-
bility, as presented across DRT lists, is a source
of DRT score variability has important ramifica-
tions for experimental designs established for
making comparisons of intelligibility acrossdiffer—
ent speech processing systems. Such designs in-
volve multiple list presentations for each system
with the variability across the lists presented for
a given system being a component in the 'error
variance' term used to test for significant systems
effect (i.e., to test the hypothesis that the mean
DRT scores for all systems under test are equal).
The experiment's sensitivity to detect actual sig-
nificant differences between processors is de-
creased as the uncontrolled error variance in-
creases.

The current study was performed in order to test
the hypothesis that a reduction in the variability
of speech level for the various word lists pre-
sented to obtain an overall mean DRT score for a
particular system will result in a reduction in the
DRT score variability obtained from these separate
lists. This hypothesis will be tested for both
male and female speakers, and for both unprocessed
and processed speech. Support for this hypothesis
will provide validation for the use of speech level
equalized lists as a means of increasing the reso-
lution of the intelligibility testing methodology
used to compare speech processing systems.

EXPERIMENTAL DESIGN

The experimental design used for this study con-
sisted of the manipulation of three independent
variables:
1. Speech-level equalized vs. unequalized DRT
list.
2, Sex of Speaker.
3 Type of speech processing done to DRT word list.
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The unequalized speech-level condition represents
the use of recorded DRT lists taken from the DVPC's
library which were known to have differences in
speech level as quantified by an Equivalent Peak
Level measurement algorithm [3]. The equalized
speech-level condition, in contrast, represents the
use of the same set of DRT lists which were re-
recorded with record levels set such that the
Equivalent Peak Level for all lists were made
equivalent (within some tolerance range). The 'sex
of speaker' and the 'type of processing' independent
variables are introduced into the design to explore
the possibility that the hypothesized relationship
between speech level and intelligibility score
variability is dependent upon the speech processing
algorithm placed between the reading of the word
list and the listener, and/or is dependent upon the
speech characteristics of the speaker with the sex
of the speaker being a classification variable used
to make gross discriminations of these speech at-
tributes. A full matrix of experimental conditions
was obtained by crossing all three independent
variables with one another. Each cell in the matrix
represents the presentation of 9 separate DRT
lists, each read by a different speaker.

The dependent variables are the total DRT score and
the DRT speech feature scores provided by each of 8
listeners to whom the DRT list was presented.

PROCEDURE

A setof 18 DRT lists were selected from the library
of analog tapes made available by the DVPC--9 lists
read by males, and 9 read by females. These lists
were for the quiet noise condition using an Altec
659A dynamic microphone without a puff screen.
Speech level measurements were made for each list
using the Equivalent Peak Level algorithm described
below. On the basis of these measurements, second
recordings of these same 18 lists were made in
which all speech levels were equalized to a set
reference level of 9 dBm. Both the 18 unequalized
and the 18 equalized lists were used as speech in-
put signals for 3 speech compression algorithms
(CVSD, APC/SQ, LPC-10) while the analog output
signals from these processings were recorded.

The DRT listener sessions were conducted at the
RADC/EEV in-house speech evaluation facility [4].
During a given DRT test session, 9 unequalized lists
produced by 9 speakers all of the same sex and
receiving the same type of processing were presented
to a group of female listeners with the number of
listeners per session ranging from 9 to 12. Also
presented during the same session were the matching
9 lists for which speech level had been equalized.
The DRT data accumulated during one session was
reduced such that only the scores for 8 listeners
were retained for analysis. A single iteration of
this data culling process eliminates the data for a
listener who demonstrates the greatest amount of
cumulative variation from the group's means for the
individual lists in the complete set of 18 lists
presented during the session. Repeated iterations
of the process are made until the data for 8
listeners remains.

Measurement of Speech Level

The Equivalent Peak Level (EPL) is the quantity used
to express the level of speech for the DRT lists
used in this study. The EPL is a statistically
estimated voltage level that instantaneous peaks of
the speech signal under analysis often approach but
rarely exceed. The estimation of this parameter is
based upon a statistical model of instantaneous
speech waveform magnitudes in which speech samples
above a given threshold level can be modelled as a
random variable having a log-uniform distribution
between the threshold and a peak value. A function-—
al relationship among the estimated peak value, the
threshold level, and the Vrms value observed for
only the portion of the signal exceeding the thresh-
hold has been derived based upon this model. A
known threshold value and an observed Vrms-above-
threshold quantity can be applied to a piecewise-
linear approximation to this functional equation
with the result being the EPL estimate for the in-
put signal., An EPL estimate was made for each DRT
list used in the study by applying this algorithm
to the first 40 seconds of the list.

Digital Speech Processors

All speech compression algorithms tested were avail-
able in real time on a special purpose DoD multiple
rate processor. This unit is a 16 bit, fixed point,
bit slice, parallel processor architecture with a
fast multiply capability. The frequency character-
istics are defined by a 100 Hz high pass filter and
a 3600 Hz low pass filter. All of the algorithms
run in full duplex, use the same audio processing
front end and 12 bit A/D - D/A system. The 16 kbps
Continuously Variable Slope Delta Modulation (CVSD)
algorithm represents waveform coder algorithms.

The 2.4 kbps Linear Predictive Coder (LPC) algo-
rithm tested [5,6] is an early version of the DoD
standard. It is a block form tenth order predictor
utilizing the Choleski inversion, an AMDF pitch and
voicing detector witha direct form recursive filter
synthesis. This algorithm represents the parametric
speech processors. The 9.6 kbps Adaptive Coder
Segmented Quantizer (APC/SQ) algorithm [6] has a
fourth order linear predictor, AMDF pitch detector
and a residual error estimation algorithm. This
type of algorithm is a combination of parametric
and waveform coding.

RESULTS

Descriptive statistics for the EPL measurements made
on the DRT word lists for male and for female
speakers in both the speech-level equalized and un-
equalized conditions are presented at the top of
Table 1. The significant reduction in the varia-
bility of the EPL measures in the equalized con-
dition validates the experimental manipulation of
this independent variable.

Table 2 is a key to the various 9~Speaker DRT system
numbers and the test conditions that they represent.
Table 3 presents the DRT feature score results for
each system averaged across speakers and feature
state (i.e. present or absent). Table 4 gives the
total DRT results for individual speakers averaged
acrogs features and state. The systems in Tables 3
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and 4 are grouped by sex, equalized or unequalized
and process. All Standard Errors for Table 3 and
for the total scores in Table 4 are calculated
across listeners and speakers.

The F-ratios used to test for significant overall
DRT score differences between the equalized and the
unequalized lists (see 'Delta'’ values in Table 3)
failed to reveal significant differences in any of
the experimental conditions (p < 0.05). The differ-
ences between equalized and unequalized overall
scores for CVSD processed male and female speech
approach significance with the equalized mean DRT
score being highev than the unequalized mean. A
T-test analysis of these DRT means which makes no
assumption regarding equality of population vari-
ances for the two means also failed to reveal sig-
nificant mean differences.

An unbiased estimate of the DRT total score varia-
bility across a set of 9 lists for each of the
experimental conditions is presented in Table 1.
Graphical illustrations of this variability are
presented in Figures lA and 1B which provide plots
of the overall mean for each of the systems evalu-
ated, as well as the individual means for each list
within a particular system. These figures also
list the specific DRT source tapes, wordlists and
EPL adjustments for each speaker., The F-ratio
statistic used to test the null hypothesis that the
DRT score variability across unequalized lists is
not different from the variability across equalized
versions of the same lists is also presented in
Table 1. The rejection of this null hypothesis is
indicated in the conditions involving male speakers
with unprocessed speech and with LPC processing.
Table 1 includes a linear correlation coefficient
relating the change in DRT scores observed in going
from an unequalized list to an equalized list, and
the corresponding change in EPL.

The unequalized scores presented in Table 3 are
essentially the same as previously reported results
[7] for the three speech compression algorithms.
The individual speaker results of Table 4 demon-
strate differences when compared to these previous
results. Differences in tapes and wordlists may be
the source of this discrepancy although specific
tape or wordlist identifiers are not provided with
these previous results.

CONCLUSION

The use of speech-level equalized DRT word lists
provides overall mean DRT scores for individual
systems which do not differ significantly from the
means obtained when a set of lists are used which
have significantly more speech-level variability.
Thus the mean score used to represent a particular
communication system's intelligibility for purposes
of system comparisons is not dependent upon the use
of the equalized or unequalized DRT word lists.

Initial evaluation of the data does indicate that
the DRT scores for equalized lists demonstrate less
variability for unprocessed speech and LPC speech
using male speakers, as compared to the DRT score
variability across unequalized lists. A similar,
although nonsignificant, trend is seen for female

speakers with unprocessed and LPC speech. No re-
duction in DRT score variability is indicated for
the other coding algorithms--CVSD,APC.

Attributing the cause of the observed reduction of
DRT variability to the manipulation of the lists’
speech levels is not supported by the correlation
coefficients in Table 1 which indicate that a
change in DRT score for the two presentations of
the same list (equalized and unequalized) is inde-
pendent of the measured change in speech~level for
these two list presentations. Furthermore, an
attempt to replicate these observed reductions of
DRT variability for equalized lists in the cases
of unprocessed and LPCprocessed male speech failed.
In summary, the data collected in this study pro-
vides no support for the contention that a reduc-
tion in the variability of speech level for the
word lists presented to a particular system will
result in a reduction in the DRT score variability
obtained from these separate lists.

The results of this study do not advocate for the
use of the equalized DRT lists as a means of in~
creasing the resolution of the experimental designs
used to compare the intelligibility of speech
processing systems. A practical advantage in using
the speech-level equalized lists in processor
evaluation studies is that once the level of the
signal for the first list presented to the system
under test has been set such that it is always in
the linear range of operation for the system (i.e.,
there is no clipping of the signal), all subsequent
lists can be assumed to present signals which are
also maintained in the linear range of operation.
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