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Abstract
Temporal annotation is a complex task characterized by low markup speed and low inter-annotator agreements scores. Tango is a
graphical annotation tool for temporal relations. It is developed for the TimeML annotation language and allows annotators to build a
graph that resembles a timeline. Temporal relations are added by selecting events and drawing labeled arrows between them. Tango
is integrated with a temporal closure component and includes features like SmartLink, user prompting and automatic linking of time
expressions. Tango has been used to create two corpora with temporal annotation, TimeBank and the AQUAINT Opinion corpus.

1. Introduction 2. TimeML

Temporal annotation poses specific challenges for annotd-MeML is a recent approach to temporal annotation orig-
tion tools. The high density of temporal relations makes thdnally developed in the context of two ARDA-AQUAINT
temporal annotation task a complex one, characterized b{yorkshops. In TimeML, temporally relevant entities are
low markup speed, hard-to-avoid inconsistencies, and lo/arked up WittEVENT andTIMEX 3 tags. TheEVENT tag
inter-annotator agreement. The high density is due to thé Used to annotate those elements in a text that mark the
fact that the set of possible temporal relations is essentialljémantic events described by it. Syntactically, events are
quadratic to the number of events and time expressions ifyPically verbs, although event nominals, such as "crash”
a document. This large space of possible relations has i "--Killed by the crash” are events as well. Theex3
consequences: (i) only a fraction of all possible relationd@d iS used to mark up explicit temporal expressions, such
will be marked up, and (ii) inter-annotator agreement score&S times, dates, and durations. Temporally significant re-
are low because two annotators will often choose to not aditions between events and times can be specified with
relations between the same evehfsanotation of temporal  ALINK, SLINK andTLINK tags. Link tags do not span any

relations requires more reflection than, for example, annot€Xt extent, they are empty and simply state relations be-

tation of part-of-speech tags, and is therefore slower. SyniWeen text entities.

tactic tags and many semantic tags, such as entity tags af®nsider the sentences in (1) for some examples. An as-

event tags, can be added in a strictly linear fashion. TempdRectual link LNk ), exemplified in (1a), indicates an as-

ral relations are different because they require us to speciff€ctual relation like initiates, terminates or continues. A

attributes of pairs of objects, and the objects involved mayuPordinating link gLink) indicates a temporally loaded

not be close to each other in the text. Also, the value of€lation in a sub-ordinating context. Sentence (1b) intro-

one temporal link imposes restrictions on other temporafuces a modal context betweseekingand mediate and

links. Keeping an annotated document consistent can beentence (1c) contains a reporting context betveagihand

difficult and, indeed, experiments with consistency check etaliate. Temporal links properT(ink s) denote relations

ing tools showed that it is hard to annotate a one-page dodike before, mzcludes and simultaneous. In (Iri§e occurs

ument without introducing inconsistencies. afterinvasion

Tango is an annotation tool that was designed to cope With(l) a. The U.S. militanpuildupin Saudi Arabiacontin-

the challenges of temporal annotation. We will introduce its uedat fever pace

functionality and give some preliminary evaluation results

in section 3, but first some words on temporal annotation. b. King Hussein of Jordan arrived in Washington
seekingo mediatethe Persian Gulf crisis

The event pairs and event-timex pairs that are selected by two c. The Iraqi ambassador to Venezuséd on Tues-
annotators for adding temporal links are in many cases not the day that Iraq wouldetaliateagainst Venezuela
same. The exact inter-annotator scores in cases like this are par-
tially determined by the annotation guidelines, depending on how d. A steeprise in world oil prices followed the
forcefully they prescribe what events and times should be linked. Kuwait invasion
The latest agreement score for annotation of temporal links is 55%
average precision and recall. That is, two annotators choose to 2All examples are taken from Associated Press document
specify a temporal relation between the same events and/or timesP900815-0044. This document, and its TimeML annota-
in 55% of the cases. Of those 55%, the annotators agree in 77%on, can be viewed with the TimeBank browser, available at
of the cases as to what temporal relation to specify. http://timeml.org/site/timebank/browser.html
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Figure 1: A Tango Screenshot.

The TimeBank corpus was created as a resource that fundensity of temporal relation requires a more intuitive anno-
tioned as an illustration and proof of concept for thetation tool. The ARDA-funded Tango project (Pustejovsky
TimeML annotation language. TimeBank, soon to be re-et al., 2003c) addressed this need.

leased by the Linguistic Data Consortium, is a relatively . .

small corpus with about 7900 events, 1400 time expresS-1- 1ango Functionality
sions, 2900 subordinating links and 6400 temporal links.Tango provides an editable and fully graphical display of

See (Pustejovsky et al., 2003a; Saeiral., 2006; Puste- €vents and temporal relations, a screenshot is provided in
jovsky et al., 2003b) and http://timeml.org/ for more detailsfigure 1. A TimeML annotation is presented as a graph

on TimeML and the TimeBank corpus. where events and times are the nodes and temporal links are
the arcs. Events that have not been linked yet are listed in a
3. Tango pending list on the left. Annotation proceeds by drawing ar-

rows between events and labeling them with relation types.
; . Events can be moved to any desired position on the canvas.
Alembic workbench (Day et al., 1997). It became quickly The display is made to resemble a timeline by placing the

apparent tha_t Alembic was well-suited to ann_otat|on_ Oftime expressions at the top and ordering them according to
events and time expressions, but that annotation of Imkfheir ISO values. Additional features of Tango are:

was cumbersome and error-prone. Alembic uses a table ' '
metaphor to display temporal relations. From the table, it ® SMARTLINK. Any event or time expression can be
is almost impossible to get a view of the temporal structure  selected to be the focus element, and dropping one or
of the text as a whole and annotation reduces to a case-by- more objects to the left or right of the focus element
case inspection of event paitsThe complexity and high automatically creates before or after links.

. . : . e AUTO LAYOUT. Tango also provides an auto-arrange
Alembic has since been replaced by Callisto (see  feqtyre that distributes events left-to-right based on

http://callisto.mitre.org), which, although arguably a better

annotation tool, still uses the same table metaphor that does net

serve temporal annotation very well. However, Callisto is Setl_lr_wtegratrl]on of f'lt'angt()). For T(;m_eBanI; annotatlon,_Calhsto and q
up in a much more modular fashion and may some day allow 2190 nave often been used in tandem, annotating events an
times with Callisto and adding links with Tango.

The first version of TimeBank was annotated with the
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their links, using topological sort. This feature is very over that version resulted in a fourfold increase in the num-

useful for TimeML documents that have never beenber of TLINKS. The AQUAINT Opinion corpus was anno-

displayed in Tango before: in these documents, altated using Tango, here the numberTaink s after clo-

events are crowded to the far left of the canvas. sure increased by a factor ten. One should be careful to not

read too much into this however, for example, differences

e TIMEX LINKING. TLINKS can be created automati- j genre may account for part of these differences.

cally between those time expressions that have beefhere are no solid data to support claims that annotation

annotated with specific ISO values. with Tango increases inter-annotator agreement. In foot-
note 1, we quoted 55% as the current inter-annotator agree-
ment on selection of event pairs that are temporally linked
by annotators. The only figure available fariNk annota-
tion with Alembic is 20%. However, this number is from
lain et al., 1990). Closure ensures consistency an@.n experimeqt_ Wit.h novice annotators at a time thgt the
greatly increases the number fINKS in an anno- imeML specifications were st!ll under constant revision.
tation. For example, applying closure to version 1.1 of TANGO has been used effectively to annotate 186 Time-

the TimeBank corpus more than quadruples the numBank and 73 Opinion corpus documents (the latter from the

ber of TLINK s. See (Verhagen, Forthcoming) for more AQUAINT Program). It has also served well in visualizing
details and correcting output from automatic TimeML annotations

from the TARSQI system (Verhagen et al., 2005). Tango is
e USER PROMPTING. This feature aids the annotator available for download at http://timeml.org/tango/.
in achieving a complete annotation. If switched on,
user-prompting will ask annotators to provide tempo-3.3. Current Work

ral relations for specific, not yet annotated, event pairsone of the main motivations behind Tango was to create
Each time anewLINK is added, temporal closure will - 3 annotation tool that displays the temporal structure of a
run to derive all implied relations and the cycle will gocument as clearly as possible. The connected graph is
continue with a new user prompt and closure applicatertainly easier to read than a table, and it also very easy to
tion until all TLINK's are specified. see how complete an annotation is. Yet the display still has

a couple of drawbacks: (i) the display can get crowded, es-

The user can choose to hide or display certain links. Thig,eciajly in those cases where closure has been applied, (ii)
is most useful for hiding links that were derived using tem-

: : (glacement of events relative to each other is not predictable
poral closure, in many case the large amount of inferred,g the auto layout feature does not completely solve this,
TLINK S can crowd the display.

and (iii) it is hard to distinguish between the relation types.
The main problem is that the dimensions and directions of
the graph are not unambiguously mapped to a predictable
The first experiences with Tango are satisfactory. A bit surtemporal interpretation and that potential clutter is not con-
prisingly, Tango did not make the annotation process fastefolled. The example fragment in figure 2 illustrates these

than itwas with Alembic. This seems to be explained by thegroplems, even though the annotator took pains to provide
willingness of annotators to sit down and really dive into thecorrect positioning of events in the canvas.

temporal structure of a document. Also, with Alembic, an-
notators quickly zeroed in on a very specific strategy: they
go through the text linearly and add table entries that typi-
cally link an event to a nearby event or time. This, although
requiring an elaborate sequence of mouse clicks, made for
a relatively quick workflow. However, it does not facilitate
creation of non-local links, that is, the vast majority of links
in Alembic-annotated documents are within a sentence o Tous
cross one sentence boundary only. This is not the case with
Tango.

Annotation with Tango did reduce the number of mistakes ‘ )
made by the annotators, a mini-experiment conducted dur LS X
ing the TANGO project indicated that the percentage of
TLINK s that received the correct relation type went up from
64% to 76% when Tango was used as the annotation tool
rather than Alembic.
With Tango, it seems to be easier to achieve a complete an- Figure 2: An annotation as a connected graph.
notation since it leads to more densely connected graphs

than Alembic does, and more connected graphs make com-

plete annotations easier to achieve. The numbers to backBOX is an alternative display where the annotation is not
this up are preliminary. An earlier version of TimeBank presented as a graph but as boxes where box inclusion in-
was annotated in large part with Alembic, running closuredicates temporal inclusion, arrows indicate before relations

e TEMPORAL CLOSURE. Tango includes a tempo-
ral closure component that derives new implied links
from existing links. It is based on the interval al-
gebra of (Allen, 1983) and the point algebra of (Vi-

3.2. Evaluation
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and stacked boxes indicate simultaneity. The same annotéy labeled arcs. An alternative view exploiting the T-BOX

tion from figure 2 is presented in figure 3 for comparison.representation has been added recently. Tango has been

In this figure, a duration, "last twenty four hours”, includes successfully used to mark up texts with TimeML tags, most
notably for the TimeBank and AQUAINT Opinion corpora.
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