AROUND THE LAB

NEW MEASURES OF
EFFECTIVENESS FOR HUMAN
LANGUAGE TECHNOLOGY

The field of human language technology (HLT) encompasses algorithms and applications
dedicated to processing human speech and written communication. We focus on two
types of HLT systems: (1) machine translation systems, which convert text and speech
files from one human language to another, and (2) speech-to-text (STT) systems, which
produce text transcripts when given audio files of human speech as input. Although both
processes are subject to machine errors and can produce varying levels of garbling in their
output, HLT systems are improving at a remarkable pace, according to system-internal
measures of performance. To learn how these system-internal measurements correlate
with improved capabilities for accomplishing real-world language-understanding
tasks, we have embarked on a collaborative, interdisciplinary project involving Lincoln
Laboratory, the MIT Department of Brain and Cognitive Sciences, and the Defense
Language Institute Foreign Language Center to develop new techniques to scientifically
measure the effectiveness of these technologies when they are used by human subjects.

(HLT) has made great progress in the past few
years. The general field of HLT encompasses
a wide range of algorithms and applications dedicated
to processing human speech and written communica-
tion. The two specialized HLT fields we address here,
from the perspective of the needs of the Defense De-
partment, are (1) machine translation systems, which
convert text and speech files from one human lan-
guage to another, for example, from Arabic into Eng-
lish, and (2) speech-to-text (STT) systems, which pro-
duce text transcripts when given audio files of human
speech as input. Both processes are subject to machine
errors and may produce varying levels of garbling in
their output.
Speaker-independent automatic STT systems are
currently capable of producing English text transcripts
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of conversational telephone speech at a word-error
rate of 15.2%, an error reduction of 53% over the past
five years. Arabic-to-English machine translation sys-
tems are capable of producing English text output at
a precision rate of 51% for a weighted word-sequence
recognition measure known as the BLEU score [1], an
increase in performance of over 300% over the past
three years [2]. These measures of performance are
defined in technology-centric terms to help guide re-
search and development. As important as these mea-
sures are, they do not say what the technology can do
for us. In military parlance, measures of performance
refer to system-internal tests, whereas measures of ef-
fectiveness refer to tests that measure how the tech-
nology is used in real-world settings. A major goal of
current Department of Defense—sponsored research
in machine translation of human speech and text is
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Al-Ahram Al-view

Foreign minister’s statements appear to be des-
ignated the lIragi government, which threatened
the American forces, which could be allowed to
occupy lrag to launch attacks on neighbouring
countries to lraq in retaliation for its sup-
port for lragi resistance.
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Al-Ahram Opinion column

Declarations by the Minister of Foreign Af-
fairs in the “appointed” Iragqi government
threatening to allow the American forces that
occupy lrag to launch attacks on neighboring
countries seems to be in response to their
support of the lraqi resistance.

FIGURE 1. Arabic-to-English translation of a moderately difficult Arabic text: machine translation system (left)
versus human translation (right). Two sample questions that a competent reader of Arabic could be expected
to answer, after reading the full passage, are “list one of the author’s expectations for the new Iraqgi regime,” or
“why does the author consider the minister’s remarks dangerous for the Iragi government?”

to build automatic systems that translate Chinese
and Arabic texts into English texts that can be used
by English native readers to perform pertinent foreign
language tasks.

Figure 1 shows a fragment of an Arabic Level 3
text (moderately difficult for non-native speakers), rat-
ed according to the Interagency Language Roundtable
skill levels. Sample questions that a competent Arabic
reader could be expected to answer after reading the
full text include “list one of the author’s expectations
for the new lIraqi regime,” or “why does the author
consider the minister’s remarks dangerous for the Iraqi
government?”

The translation on the left in the figure is produced
by a state-of-the-art machine translation system; the
translation on the right in the figure was produced by
professional human translators. The machine transla-
tion contains a variety of disfluencies and mistakes.
These errors impair our ability to understand facts
explicitly stated in the Arabic article, and severely de-
grade our ability to infer ideas that are not specifically
stated but that an educated reader would be expected
to make after reading the article in the original lan-
guage. The professional human translation on the
right contains enough nuances for us to begin to un-
derstand the point of view of the original author and
to make relevant inferences. The decision of whether
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to use machine translation or human translation de-
pends upon factors such as the cost, the availability,
and the level of quality needed for the task at hand.
Likewise, a major goal of Defense Department
sponsored research in speech recognition is to pro-
vide high-quality automatic speech-to-text (STT)
transcripts of news broadcasts and conversational tele-
phone speech. Unlike dictation tasks, for which an
STT system may be trained and tuned to a specific
speaker’s voice to reduce word recognition errors, these
systems need to operate independently of the speaker.
The goal is that the transcripts are good enough to use
for tasks that would ordinarily be accomplished by lis-
tening to the speech broadcasts or recordings. How-
ever, ordinary STT transcripts not only contain word
recognition errors, but they are typically produced in
single case, lack punctuation, and include verbatim
every spoken word or word fragment, including fillers
such as “um,” “uh,” repeats, false starts, and so on.
Figure 2 illustrates the two potential ways we might
view the audio signal from a telephone conversation: as
a transcript produced by an experimental STT system
(left), and as a reference transcript (right) produced by
trained human readers and cross-checked with quality
controls (i.e., there are no transcription errors in the
texts, standard punctuation and capitalization have
been applied, and disfluencies have been removed).






