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1 Introduction

A treebank is a body of natural-language text
which has been grammatically annotated by hand,
in terms of some previously-established scheme of
grammatical analysis. Treebanks have been used
within the field of natural-language processing as
a source of training data for statistical part-of-
speech taggers (1, 4, 6, 12, 16] and for statistical
parsers [2, 3, 6, 8, 9, 10, 14].

All large-scale treebanks of English produced to
date have been based on the technique of “skele-
ton parsing”, in which only an outline or high-level
approximation of the syntactic structure of each
sentence in the treebank is supplied. The broad
coverage and level of detail of the ATR/Lancaster
Treebank represent a radical departure from ex-
tant large-scale [5, 7, 11] and smaller-scale [13, 15]
treebanks. We describe an efficient technique for
producing such large-scale treebanks of English in
which each sentence of the treebank is given a full
and highly detailed parse with respect to a com-
prehensive broad-coverage grammar of English.

2 The Annotation Process

The annotation process is sketched in Figure 1.
Initially a file consists of a header detailing the file
name, text title, author, etc., and the text itself,
which may be in a variety of formats; it may con-
tain HTML mark-up, and files vary in the way in
which, for example, emphasis is represented. The
first stage of processing is a scan of the text to
establish its format and, for large files, to delimit
a sample to be annotated.

The second stage is the insertion of SGML
(Standard Generalized Mark-up Language) mark-
up. As with the tagging process, this is done by
an automatic procedure with manual correction.

Third, the tagging process described in Sec-
tion 3 is carried out. The tagged text is then
extracted into a file for parsing as described in
Section 4.
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Figure 1: The annotation process for the
ATR/Lancaster treebank. Portions inside dashed
boxes represent interaction between the human
treebanker and the software tools described in this

paper.

The final stage is merging the parsed and tagged
text with all the annotation (SGML mark-up,
header information) for return to ATR.

3 Part-Of-Speech Tagging

Part-of-speech tags are assigned in a two-stage
process: (a) one or more potential tags are as-
signed automatically using the Claws HMM tag-
ger [6]; (b) the tags are corrected by a human tree-
banker using a special-purpose X-windows-based
editor, Xanthippe. This displays a text segment
and, for each word contained therein, a ranked list
of suggested tags. The analyst can choose among
these tags or, by clicking on a panel of all possible
tags, insert a tag not in the ranked list.

The automatic tagger inserts only the syntactic
part of the tag. To insert the semantic part of
the tag, Xanthippe presents a panel representing
all possible semantic continuations of the syntactic
part of the tag selected.

Tokenization, sentence-splitting, and spell-
checking are carried out according to rule by the
treebankers themselves. However, the Claws tag-
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Figure 2: The GWBTool interface. This picture shows the display after a sentence has been selected

(the highlighted sentence in the “Treebank Text”

window); its parse forest generated by clicking the

“Consistent Parse” button; and two possible trees chosen for comparison. The feature values of the
"vybar2” node are also displayed in a pop-up window.

ger performs basic and preliminary tokenization
and sentence-splitting, for optional correction us-
ing the Xanthippe editor. Xanthippe retains con-
trol at all times during the tag correction process,
for instance allowing the insertion omly of tags
valid according to the ATR Grammar.

4 A Treebanker’s Workbench

The Grammarian’s WorkBench Tool (GWBTool)
is a Motif-based X-Windows application which al-
lows a treebanker to interact with the ATR En-
glish Grammar in order to produce the most ac-
curate treebank in the shortest amount of time.
The parsing process begins in the Treebank Ed-
itor screen of GWBTool with a list of sentences
tagged with part-of-speech categories. The tree-
banker selects a sentence from the list for process-
ing. For example, consider the tagged sentence

You must not add any
PPY VMPRES XX VV1ALTER DD

jumpers to  this block .
NN2DEVICE-PT IITO DD1 NN1DEVICE-PT .

(The correct tag from the ATR Grammar is indi-
cated below each word of the sentence.)

With the click of a button, the Treebank Ed-
itor graphically displays the number of parses in
the parse forest and the parse forest itself for the
sentence in a window. Figure 2 shows two trees
from the parse forest for the example sentence.
Each node displayed represents a constituent in
the parse forest. A shaded constituent node (shad-
ing not visible in the figure) indicates that there
are alternative analyses of that constituent, only
one of which is displayed. By clicking the right
mouse button on a shaded node, the treebanker
can display a popup menu listing the alternative
analyses, any of which can be displayed by select-
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ing the appropriate menu item.

The treebanker can quickly review details of any
analysis assigned to a constituent. Clicking the
left mouse button on a constituent node pops up
a window listing the feature values for that con-
stituent, as shown in Figure 2. In the example,
the feature values indicate that the “vbar2” con-
stituent is an auxiliary verb phrase (bar level 2)
containing a present-tense verb phrase with noun
semantics “device_part” and verb semantics “al-
ter”. The fact that the number feature is variable
(number=V5) indicates that the number of the
verb phrase is not specified by the sentence.

If the parse forest is unmanageably large, the
treebanker can easily constrain the possible parses
by partially bracketing the sentence. The tree-
banker selects a range of text with a mouse and
hits a key to define a constituent. GWBTool then
displays the parse forest containing only those
parses which are consistent with the partial brack-
eting (i.e. those with no constituents which violate
the constituent boundaries in the partial bracket-
ing).

The grammar contains 17 possible parses for the
example sentence. By constraining the parses to
be consistent with the partial bracketing

You must not add any
jumpers [to this block],

the number of consistent parses is reduced to 9.
The parse tree shown on the left in Figure 2 no
longer appears in the parse forest generated by
GWBTool because it implies the partial bracket-
ing “[[jumpers [to this]] block]”, which is inconsis-
tent with “[to this block]”. Instead, only parses
such as that shown on the right in Figure 2, which
contain “to this block” as a constituent, appear.
Note that the treebanker need not specify any
labels in the partial bracketing, only constituent
boundaries.

The process described above is repeated until
the treebanker can narrow the parse forest down
to a single correct parse. Crucially, for experi-
enced Lancaster treebankers, the number of such
iterations is, by now, normally none or one.

5 Owutput Accuracy

Even though all GWBTool parses are guaranteed
to be acceptable to the ATR Grammar, ensuring

consistency and accuracy of output has required
considerable planning and effort. Of all the parses
output for a sentence being treebanked, only a
small subset are appropriate choices, given the
sentence’s meaning in the document in which it
occurs. The five Lancaster treebankers had to un-
dergo extensive training over a long period, to un-
derstand the ATR Grammar well enough to make
the requisite choices.

This training was effected in three ways: a week
of classroom training was followed by four months
of daily email interaction between the treebankers
and the creator of the ATR Grammar; and once
this training period ended, daily Lancaster/ATR
email interaction continued, as well as constant
consultation among the treebankers themselves.
A body of documentation and lore was developed
and frequently referred to, concerning how all se-
mantic and certain syntactic aspects of the tagset,
as well as various grammar rules, are to be applied
and interpreted. (This material is organized via a
menu system, and updated at least weekly.) A
searchable version of files annotated to date, and
a list of past tagging decisions, ordered by word
and by tag, are at the treebankers’ disposal.

In addition to the constant dialogue between
the treebankers and the ATR grammarian, Lan-
caster output was sampled periodically at ATR,
hand-corrected, and sent back to the treebankers.
In this way, quality control, determination of out-
put accuracy, and consistency control were han-
dled via the twin methods of sample correction
and constant treebanker/grammarian dialogue.

With regard both to accuracy and consistency
of output analyses, individual treebanker abilities
clustered in a fortunate manner. Scoring of thou-
sands of words of sample data over time revealed
that three of the five treebankers had low parsing
and tagging error rates,

What is fortunate about this clustering of abil-
ities is that the less able treebankers were also
much less prolific than the others, producing only
30% of the total treebank. Therefore, we are pro-
visionally excluding this 30% of the treebank (cur-
rently about 150,000 words) from use for parser
training, though we are experimenting with the
use of the entire treebank for tagger training. Fi-
nally, parsing and tagging consistency among the
first three treebankers appears high.
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6 Conclusion

Over the next several years, the ATR/Lancaster
Treebank of American English will form the ba-
sis for the research of ATR’s Statistical Parsing
Group in statistical parsing, part-of-speech tag-
ging, and related fields.

However, the techniques and tools for computer-
aided parsing described in this paper are not spe-
cific to the ATR grammar and treebank. A similar
approach could be applied to build large treebanks
for other mature, detailed, broad-coverage gram-
mars. :
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