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Abstract

This paper documents a set of Resource Management Corpus Benchmark Tests conducted
prior to the DARPA ANN Technology Program Continuous Speech Recognition Meeting
at Stanford University, September 21-22, 1993. Three organizations participated in tests
of Speaker Dependent systems, reporting word errors using the word-pair grammar ranging
from 1.8% to 2.6%. Eleven research teams from nine organizations reported results for
a total of 18 Speaker Independent systems, with word error rates ranging from 4.4% to
11.7%. Properties of the September 1992 test sets are discussed, particularly with regard
to the distribution of speaking rate for the speaker independent test set population. Two
DARPA ANN Technology Program contractors reported results for both baseline HMM
and hybrid ANN-HMM systems. The use of newly-implemented statistical significance tests
underscores the need to interpret these test results on a case-by-case basis.

1. Introduction

The DARPA Resource Management Continuous Speech Database (RM1) [1,2] has been
used for development and performance evaluation of automatic speech recognition
technology within the DARPA speech research community since 1987.

DARPA-sponsored benchmark tests of both speaker-dependent and speaker-independent
technology have been conducted in March and October 1987, June 1988, February and
October 1989, February 1991, and most recently, September 1992. Additional benchmark
tests were conducted in June, 1990, using the "Extended Resource Management" corpus
(RM2), which contains extensive additional training material for (only) 4 speakers, to
permit training of speaker-dependent systems with significantly more (2400 vs. 600)
utterances than is possible with the RM1 corpus. While the tests have been "locally
implemented” by system developers, NIST has provided the sponsors and the community
the service of uniformly scoring results and providing summaries of the results, usually in
conjunction with DARPA speech research meetings. For some of the tests, only informal
"handouts" were prepared for distribution at DARPA workshops, but the March 1987,
February 1989, June 1990, and February 1991 tests are documented [3-7].

This paper documents the most recent tests, conducted prior to the September 1992
DARPA Artificial Neural Network (ANN) Technology Program Meeting, using the final,
previously unreleased, RM1 test set. Since, in the 5 years since release of the first test set,
many researchers have developed "resource management" continuous speech recognition
systems, the opportunity to participate in these tests was extended to a number researchers



outside of the DARPA community. Two DARPA ANN Technology Program contractors
(BBN and SRI International) participated, along with a number of other research teams,
including three from Europe (Philips Research Laboratories, in Aachen, Germany, CNRS-
LIMSL, in Paris, France, and Cambridge University, in Cambridge, UK).

2. Test Protocols
The September 1992 test protocols followed well established precedents.

All sites had had access to all previously released training data, test sets, and "official"
scoring software for some time. The September 1992 test sets were distributed on CD-
ROM media on August 24th, results were reported to NIST on September 4th, and all
scored results (including statistical significance tests) were made available to the
participants via ftp on September 16th.

During the period between September 4th and 16th, some sites reported that the test data
seemed "different" from prior test sets (i.e., unusually challenging), and NIST initiated
analysis of the test sets to ascertain possible sources of the differences. The results of these
analyses are indicated in the following section.

3. Properties of the September 1992 Test Set
Are these test sets different?

Researchers at BBN, Cambridge University, and CNRS-LIMSI provided results for the
results of four different systems having processed the February and October 1989, February
1991, and the September 1992 Speaker Independent test sets, in order to illustrate
differences in performance for several systems on four different test sets, involving a total
of 40 speakers. "

Figure 1 shows the results for these systems and test sets. For each subject in each test set,
the range, mean, and the interval bounded by one standard deviation around the mean
word error rate for the four systems are shown. In each test subset, results are ordered
from best subject (the so-called "sheep") to worst ("goat"). In many cases, for "goats" poor
performance is correlated with large variability across the several systems.

For example, for subject HLM in the February 1989 test set, the mean word accuracy was
approximately 98% with a small standard deviation, while for subject CMH, the mean word
error was approximately 95% with a significantly larger standard deviation.

Contrasting results for the current test set with the others, it can be seen that there are
more "goats" in this test set than in previous test sets. Note, for example, that for subject
VMH, the speaker with worst performance, the range of data extends from 67% to about
87%. Six of the ten speakers in this test set appear to have unusual performance, in the
sense of having higher error rates than their "peers” and larger across-system ranges. These
speakers are PAD, KLT, DLM, ECD, EXM, and VMH.



SPEAKER WORD ACCURACY RANGE ANALYSIS ACROSS SPEAKERS FOR THE
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Interpretation of results for earlier test sets may be somewhat compromised by the fact that
developers might have "tuned" their systems to the properties of earlier tests, but most of
the sites indicated that that was not the case.

How are these test sets different?

Since there is some evidence that the current test set population has an unusual number
of speakers for whom their speech is unusually difficult to recognize, it is of interest to
speculate how that might have occurred, and what are the factors contributing to the
unusual degree of difficulty.

A partial answer may lie in the history of the test set selection process.

At the outset of this benchmark test process (ca. 1986-1987), the test sets were partitioned
by NIST from larger test sets. For speaker independent technology, 4 sets of 10 speakers
were defined from the original 40 speaker evaluation test set population described in [1],
and a conscious effort was made to maintain a consistent balance of dialect region and
gender for these 4 sets. In retrospect, this effort was at least partially flawed in that some
sets were better-balanced than others.

The most recent test set -- defined, in some sense, as the residue of having reasonably well-
balanced earlier test sets -- has a larger fractional representation of female speakers than
most earlier sets. It also has no speakers from the North Midland or South Midlands
dialect region, with disproportionate representation of other dialect regions. For the
speaker dependent test set, efforts were made to overcome possible "within session effects”,
but it is possible that some systematic effects were still encountered.

Most of NIST’s analyses (including such properties as the number of words in each test set,
the number of lexemes, the average number of words/utterance, the test set perplexities,
the mean speech-to-noise ratio, and mean duration and speaking rate) do not seem to
indicate any particularly unusual properties for September 1992 test set. These properties
are summarized in Table 1, showing lexical properties of the several RM1 test sets, and
Table 2, showing speech signal and speaker population properties.

Analyses of performance results for all test sets by dialect region and gender do not seem
particularly informative in the semse that no ome dialect region or gender seemed
particularly difficult. This would tend to discredit the hypothesis that the source of the
unusual difficulty was related to disproportionate representation of females and the absence
of test speakers with North Midland or South Midland dialect.

It was suggested that there may be a correlation between poor performance and rate of
speech. Estimates of rate of speech are possible by counting the number of words uttered
and determining the utterance duration. For the RM1 test material this ranges from
approximately 100 to 200 words/minute.
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Figure 2 shows plots, for the four systems, of measured word error against speaking rate
for the 40 speakers in the 4 test sets. Note that the word error rate is high for the two
fastest speakers, VMH and KLT, and that there is also large variability across systems for
DLM, another faster-than-average speaker. A speaker with unusually slow speaking rate,
EXM, has high word error rate and high variability across systems. So there is some
evidence to support the hypothesis that rate of speech may be a factor contributing to poor
performance, and that the September 1992 speaker-independent test set has an unusually
high number of other-than-average-speaking rate speakers.

Note that some systems have more difficulty in dealing with these faster- and slower-than-
average speakers than other systems.

It has been suggested that one contributing factor may be inadequate representation of
varied rate of speech in the training material. Figure 3 shows histograms indicating the
distribution of speaking rate for (a) the SI-109 training set, with 109 speakers, and (b) the
40 speakers in the four recent test sets. Note that both distributions have similar means
(approximately 155 words per minute) and are broad (standard deviations of 20 and 15.7
words per minute), with some representation of both fast and slow speakers in both sets.
Thus system developers have had access to training material for fast and slow speakers.
However we are not as much conceined with the entire set of 40 speakers in the 4 test sets
as we are concerned with the differences between the 4 test sets.

Figure 4 shows histograms for the speaking rate for the speakers in each of the four test
sets. Note that while the mean speaking rate is similar for all four test sets (roughly 150 -
160 words per minute), the September 1992 test set is unusual in that it contains more
"outliers" than previous test sets, with a larger standard deviation than other test sets. Note
also, that the most recent previous test set had a smaller than usual standard deviation.

NIST’s procedures for selection of test material have not involved "screening" potentia] test
material to identify "outliers” of this sort (i.e., on rate of speech), but has relied principally
on considerations of gender and dialect-region. Thus these differences in the properties
of the test sets are entirely inadvertant. A case may be made for introducing screening
proceedures in selection of future test sets, but it is difficult to identify all potential factors
that might contribute to differences in "degree of difficulty".

Does it matter that this test material is unusually difficult?

There are a number of valid answers to this question, positive and negative, depending on
one’s understanding of the purpose(s) of the test.

Yes. The fact that this test is more difficult than others certainly complicates interpretation
of "trends" in development of this technology, since the error rates for these test sets are
in most cases higher than the best error rates cited on previous sets. Ideally, all test sets
should be of equal difficulty, and technology improvements would be indicated directly by

reductions in error rates.
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Histogram of 109 Speaker Training Speaking Rate
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Figure 3: A (top) and B (bottom)
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