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will almost certainly find that they have been overly optimistic in their assumptions about the effectiveness of their previous
strategies, and that search and retrieval methods used in the past may have been far less accurate than they believed.!®

A benchmark for any large discovery project should incorporate three variables: cost, time to completion, and accuracy.
A selected approach should be defensible on all three factors, although courts provide little guidance on balancing the factors.
Accuracy is probably the most critical component in a benchmarking exercise, and the one least often measured by litigants.

Accuracy is more precisely defined in search and retrieval theory as “recall” and “precision.” “Recall” is a measure of
completeness, that is, how well a search has done in retrieving all of the items containing the search terms. Recall is critical
in litigation because parties are obligated to produce all responsive information. In addition, a more complete result set enables
one to do a more thorough review of evidence and provides a better assessment of the case. “Precision” is a measure of
efficiency, that is, how well a search has done in retrieving true hits as a percentage of the total number of search hits retrieved.

A low precision rate means that a large number of irrelevant items have to be reviewed. This affects cost and timeliness.

Precision and recall have an inverse relationship; that is, the higher the recall, the lower the precision. Thus, a system may get a
very high percentage of hits (say 95%) but at the cost of also retrieving a very large number of irrelevant items mixed in with the
relevant ones. Generally, as the recall (total correct hits) rises, the precision (percentage of true hits vs. false alarms) drops. This
relationship is plotted on a curve. The inverse relationship between recall and precision is true of virtually every search technology,
whether for text or audio recordings. It is up to the parties and courts to decide on acceptable trade-offs between recall and
precision, accuracy and cost. They can best make those decisions based on testing.
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Establishing the Accuracy of Nexidia Phonetic Search

Nexidia Phonetic Search is a technology that hunts for sounds—in particular “phonemes,” the fundamental sounds that
make up any spoken language—rather than searching for words. Spoken words on recordings are simply combinations of
phonemes. Phonetic search emphasizes how things sound, and does not require the computer to infer what the sounds mean.
This approach completely redefines and simplifies audio search. While the English language consists of hundreds of thousands
of words, the English spoken by North Americans is made up of only about 40 phonemes, even accounting for regional
accents and dialects of native speakers. Searching for strings of this limited set of phonemes, rather than having a computer
try to match a spoken sound to a written word in a lexicon, greatly simplifies and speeds up the search process and, among
other things, also means that Nexidia has a completely open vocabulary, and is not limited to a base lexicon or dictionary.

Phonetic search results are returned as a list of putative hit locations, in descending likelihood order. As a user progresses further
down the list, they will find more true hits on their search terms, and will also encounter an increasing percentage of false positives.

This performance characteristic is best shown in a curve common in detection theory: the Receiver Operating Characteristic
Curve (ROC) (See Figure 1). To generate this curve, one needs experimental results from the search engine (the ordered list

of putative hits) and the ideal results for the test set (acquired by manual review and documentation of the test data). The test
process that generates the data to plot a curve that shows how recall and precision are related.

Since Nexidia phonetic search is probabilistic (“how much does this sound like the search term?”) it will return results that
are not exact matches, thus improving recall (total hits). This provides a margin of error for noise in the recordings, unusual
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pronunciations, and other variations of speech. Of course, it is possible to limit searches very tightly so they don’t turn

up anything but very highly ranked exact matches, but for legal applications, most users prefer to err on the side of over-
inclusiveness—that is to emphasize recall over precision. Based on empirical data, parties are unable to negotiate search
terms, and to set recall and precision levels based on the needs of the parties and taking cost and time into consideration.

Nexidia Methodology for Testing Recall and Precision

Nexidia does extensive testing to assure that the phonetic search has high levels of both precision and recall under real world
conditions.!® The test results, which are derived in a manner similar to the case-specific methodology described below, are
available to Nexidia customers. This documentation provides a valid, documented

benchmark against a known data set, and shows that Nexidia phonetic search has levels of recall and precision consistent with
text search tools that are routinely used in litigation today. It also establishes that Nexidia’s phonetic search is significantly
more accurate than other automated audio search technologies.

The following is a simplified description of the method used to test the accuracy rate of the Nexidia phonetic search engine
against a case-specific data set. First, a statistically significant set of audio is extracted from the full set. Care is taken to ensure
that the recordings are representative of both the content and audio quality of the overall collection. Next, a verbatim transcript
is created of the selected recordings. The transcript is of the highest quality, professionally transcribed and truthed, with a very
high degree of quality assurance.

This step is the most time-consuming and expensive part of the process. Using automated text search tools, the transcript
is time-coded, and a large body of search terms (over a thousand) is randomly selected from the transcript based on simple
criteria.?® The time-coded location in the transcript of each search term is noted.

The audio recordings are then pre-processed and indexed into the Nexidia system. The thousands of text search terms are
entered as queries for the phonetic search engine, and the phonetic searches are run. The phonetic search results are then
compared to the time-coded transcript. Results are automatically classified against the truthed transcripts and the results graphed.

While basic phonetic searches yield good results, there are ways to increase both precision and recall. One way is to carefully
select search terms. Regardless of audio recording quality, precision and recall increase with an optimal number of phonemes in
a search string. Precision increases even more if searchers are able to identify search strings that are phonetically unique—that
is, they don’t sound too similar to commonly used terms. Increasing the length of the phonemes in a search string increases the
uniqueness of the search term, even if one of the words in the string is commonly used.

Nexidia analysts also use tools such as a Pronunciation Optimizer, which analyzes the phonetic content of selected spoken
words and optimizes the phonetic representation of the term in order to use it as a search term. This tool is very effective when
speakers pronounce the same word in different ways, or it is not clear to the searcher how to spell a search term in a way that
yields the best results. Again, the results can be empirically tested, the results graphed to illustrate precision and recall, and
the tests documented so that the users can demonstrate that they got the best results possible from an audio collection.
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Using this methodology for assessing the accuracy of phonetic search on a given data collection, the parties and court can test
the search tools, negotiate search parameters, and trust the results of audio search. A party that disagrees with the approach
would be required to produce empirical proof that its alternative methodology or technology provides better results, taking into
consideration the balancing factors of cost, time, and accuracy.

Conclusion

The new paradigm of “mega-discovery” requires heavy use of search and retrieval technologies. As more discovery is done by
computerized systems, those products will be under growing pressure—from competitors, customers, and courts—to prove their
effectiveness. Empirical data should serve as the basis for selecting search and retrieval technology, but until courts develop
guidelines for benchmarking performance, parties and vendors will have to develop defensible test protocols. It will be up to the
parties to ensure that they are meeting their discovery obligations, and if necessary, demonstrating that they have done so by
providing empirical test data and results.

In future disputes over search and retrieval methods (and absent case law or benchmark standards), the courts will continue
to make decisions balancing factors of time, cost, and accuracy, just as they always have done with discovery disputes.

As disputes arise, courts may be called on to look more deeply into the effectiveness of underlying search technologies,
even in the absence of agreed upon standards. A party that can produce defensible test results stands in the best position
to prevail in such a dispute.

A responding party that proposes to meet its discovery obligations by using an advanced search technology like Nexidia would
be well-positioned to defend against a challenge to its use, since the objecting party would bear the burden of both refuting
test results and coming up with an alternative that provides a better balance of cost, time, and accuracy.

A requesting party that is dissatisfied with its opponent’s proposed approach to audio discovery (e.g., a human-listening method
that would be extremely slow, expensive, and lacking test data establishing the accuracy of the reviewers) would be well-positioned
to challenge that approach with a faster, less expensive, and demonstrably accurate alternative.

Nexidia provides audio search tools whose overall performance is tested and documented, and whose accuracy can be demonstrated
if necessary on a case-specific basis. Both requesting and responding parties can benefit from good benchmarking to test the
efficacy of their automated litigation search and retrieval systems. Better search means a more cost effective way to a more
complete view of the evidence.
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