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The type of text analysis evaluation to be discussed in this section uses complete, naturally-occurring texts as
test data and examines text analysis technology from the outside; that is, it examines technology in the context of
an application system and treats the system as a black box. This type of evaluation is in contrast with ones that
probe the internal workings of a system, such as ones that use constructed test suites of sentences to determine the
coverage of a system’s grammar. Two types of task-oriented text processing system evaluations have been designed
and carried out on a large scale over the last several years:

1. Text retrieval has been evaluated in the context of:

e a document routing task, where the system is tuned to match a statement of a user’s persistent informa-
tion need against previously unseen documents;

e an ad hoc retrieval task, where the system is expected to match a user’s one-time query against a more
or less static (previously seen) text database.

2. Text understanding has been evaluated in the context of an information extraction task, where the system
is tailored to look for certain kinds of facts in texts and to represent the output of its analysis as a set of
simulated database records that capture the facts and their interrelationships. More recently, evaluations have
been designed that are less domain-dependent and more focused on particular aspects of text understanding.
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The forums for reporting the results of these evaluations have been the series of Text REtrieval Conferences
(TREC) (Harman, 1993; Harman, 1994) and Message Understanding Conferences (MUC), particularly the more
recent ones (DARPA, 1991b; DARPA, 1992b; ARPA, 1993b). The TRECs and MUCs are currently sponsored by
the U.S. Advanced Research Projects Agency (ARPA) and have enjoyed the participation of non-U.S. as well as
U.S. organizations.

The methodology associated with evaluating system performance on information extraction tasks has developed
only in recent years, primarily through the MUC evaluations, and is just starting to mature with respect to the
selection and exact formulation of metrics and the definition of readily evaluable tasks. In contrast, text retrieval
evaluation methodology is now quite mature, having enjoyed over thirty years of development especially in the
U.K. and U.S., and has been further developed via the TRECs, which have made substantial contributions to the
text retrieval corpus development methodology and to the definition of evaluation metrics. With a fairly stable
task definition and set of metrics, the TRECs have been able to measure performance improvements from one
evaluation to the next with more precision than has so far been possible with the MUCs.

There are many similarities between TREC and MUC, including the following:

Inclusion of both ARPA-sponsored research systems and other systems in the evaluations. Participation has
included sites from North America, Europe, Asia and Australia.

Use of large, naturally-occurring text corpora.

Obijective of end-to-end (black box) performance assessment.

Evaluation metrics that are notionally similar, though different in formulation, reflecting the differences in
the nature of the tasks.

The most enduring metrics of performance that have been applied to text retrieval and information extraction
are termed recall and precision. These may be viewed as judging effectiveness from the application user’s perspec-
tive, since they measure the extent to which the system produced all the appropriate output (recall) and only the
appropriate output (precision). In the case of text retrieval, a correct output is a relevant document; in information
extraction, a correct output is a relevant fact.

Recal | = #rel evant -returned/ #r el evant
Pr eci si on = #rel evant -r et ur ned/ #r et ur ned

In the above formulas, relevant refers to relevant documents in retrieval and to relevant facts in extraction;
returned refers to retrieved documents in text retrieval and to extracted facts in information extraction. As will be
explained below, text retrieval and information extraction represent fundamentally different tasks; therefore, the
implementation of the recall and precision formulas also differs. In particular, the formulation of the precision
metric for information extraction includes a term in the denominator for the number of spurious facts extracted, as
well as the number of correct and incorrect facts extracted.

Typically, text retrieval systems are capable of producing ranked results, with the documents that the system
judges more likely relevant ranked at the top of the list. Evaluation of the ranked output results in a recall-precision
curve, with points plotted that represent precision at various recall percentages. Such a curve is likely to show very
high precision at 10% recall, perhaps 50% precision at 50% recall (for a challenging retrieval task), and a long
tail-out toward 100% recall.

A simple information extraction task design might involve a fixed number of data elements (attributes) and a
fixed set of alternative values for each attribute. If the system was expected always to produce a fixed number
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of simulated database records (sets of attributes), and a fixed number of facts per attribute from a fixed set of
possible facts, it would be performing a kind of classification task, which is similar to the document routing task.
In the document routing task performed by text retrieval systems, the routing queries represent categories, and the
task is to determine which, if any, category is matched by a given text. However, an information extraction task
typically places no upper bound on the number of facts that can be extracted from a text—the number of facts could
conceivably even exceed the number of words in the text. In addition, a given fact to be extracted is not necessarily
drawn from a predetermined list of possibilities (categories) but may instead be a text string, such as the name of a
victim of a kidnapping event.

Thus, since texts offer differing amounts of relevant information to be extracted and the right answers often
do not come from a closed set, it is probably impossible for an information extraction system to achieve 100%
recall except on the most trivial tasks, and its false alarms are likely to include large amounts of spurious data
(as well as simply erroneous data) if it is programmed to behave aggressively, in an effort to enable it to miss as
little relevant information as possible. Current information extraction systems are not typically based on statistical
algorithms, although there are exceptions. Therefore, evaluation typically does not produce a recall-precision curve
for a system, but rather a single measure of performance.

One of the major contributions of both the TREC and the MUC evaluations has been the use of test corpora that
are large enough to yield statistically valid performance figures and to support corpus-based system development
experiments. The TREC-1 collection contained two-hundred times the number of documents found in a prior
standard test collection (Harman, 1993). The MUCs have gradually brought about a similar revolution in the area
of information extraction, which started in 1987 with a combined training and test corpus numbering just a few
hundred, very short texts, and now uses several thousand longer texts; the number of test articles has increased
from tens to hundreds.

To judge the correctness of the retrieval and extraction system outputs, the outputs must be compared with
ground truth. Ground truth is determined by humans. In text retrieval, where the system may be evaluated using
corpora consisting of tens of thousands of documents, it would be almost literally impossible to judge the relevance
of all documents with respect to all queries used in the evaluation. Instead, one effective method in a multisystem
evaluation on a corpus of that size is to pool the highest-ranked documents returned by each system and to judge
the relevance of just those documents. For TREC-3, the 200 highest-ranked documents were pooled. It has been
shown that different systems produce significantly different sets of top-ranking documents, and the pooling method
can be fairly certain to result in a reasonably complete list of relevant documents (perhaps over 80% complete, on
average across queries).

Information extraction systems have been evaluated using relatively small corpora (perhaps 100-300 docu-
ments) and just one or two extraction tasks. Ground truth is created by manually generating the appropriate
database records for each document in the test set. Ground truth is not perfect truth in either retrieval or extraction,
due not only to human factors but also to incomplete evaluation task explanations provided by the evaluators and
to the inherent vagueness and ambiguity of text.

Widely varying system architectures, processing techniques, and tools have been tried, tested, and refined in the
context of the MUC and TREC evaluations, accelerating progress in the robust processing of naturally-occurring
text. There have been exciting innovations in technologies, including hybrid statistical/symbolic techniques and
refined pattern-matching techniques. The infrastructure provided by the conferences and evaluations—shared cor-
pora, evaluation metrics, etc.—encourage the interchange of ideas and software resources and help participants
understand which techniques work.

The need to isolate system strengths and weaknesses is one of the motivations underlying recent TREC and
MUC efforts. These efforts have resulted in a greater range of evaluation options for participants. For example, the
range of MUC evaluations has broadened from a single, complex, domain-dependent information extraction task
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to include also a simple, domain-independent task, and other tasks have been developed to test component-level
technologies, such as identification of coreference relations and recognition of special lexical patterns such as per-
son and company names. Various corporate and government organizations in Europe and the U.S. have sponsored
similar component-technology, multisite evaluation efforts. These have focused especially on grammars and mor-
phological processors as, for example, did the 1993 Morpholympics evaluation, coordinated by the Gesellschaft
fur Linguistische Datenverarbeitung (Hausser, 1994).
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