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Abstract
Understanding coreference and anaphora is still
considered as a hard problem for NLP applica-
tions. Recent studies on modeling and anno-
tating coreference and/or anaphoric relations
show that the problem is a hard problem even
for human expert annotators. In this work, we
demonstrate an annotation environment that
enables quick and easy, but still flexible annota-
tion of coreference relations based on event se-
mantics and argument structure, and constraints
arsing from temporal logic. The main focus of
the environment is to integrate annotation of
lexically anchored entity state change tracking
and coreference chains along the event-based
entity transformation. The scheme and envi-
ronment is developed as open source, and is
publicly available.

1 Introduction

Coreference is linguistic phenomenon in which two
or more expressions refer to a single real-world
entity. Understanding coreferent relations in doc-
uments and dialogue is important in natural lan-
guage processing (NLP) systems because it allows
not only understanding the meaning of language,
but also re-grouping events and statements around
different participating entities that can be used in
automatic summarization, for example.

Although annotating coreference in textual data
has been an active research topic for a long time,
early compilations of large corpora for computa-
tional operationalization of coreference resolution,
such as MUC (Grishman and Sundheim, 1996;
Hirschman and Chinchor, 1998), ACE (Dodding-
ton et al., 2004), or OntoNotes (Hovy et al., 2006;
Pradhan et al., 2011), were focused on developing
straightforward schemes to recognize fully iden-
tical denotations of entity mentions, especially
pronominal anaphora.

However, it is often difficult to strictly define
“identity” relations between two referring expres-
sions or the denotations of those expressions. For

example, in procedural texts such as cooking
recipes, when entities in the text undergo a series
of events that cause changes in their state, it is of-
ten impossible to accurately link entity mentions
in anaphoric and/or coreference relations without
modeling the differences (state-wise) between the
“same” (substance-wise) entity before and after the
transformations caused by events.

For example, let’s consider a recipe for a PB&J
sandwich where the entity “peanut butter” is men-
tioned multiple times. The peanut butter that is
mentioned at the beginning of the recipe is the
same physical substance that is mentioned at the
end of the recipe. However, they are not exactly
the same in that the peanut butter at the beginning
of the recipe is probably in a jar, while the peanut
butter at the end of the recipe is spread on bread. To
accurately link these two mentions of “peanut but-
ter” as coreferent, we need to model the difference
between the two states of the peanut butter.

This is just one example of how difficult it can
be to define coreference relations based on binary
identity/non-identity classification between two re-
ferring expressions. In general, it is a challenging
task that requires careful consideration of the con-
text in which the expressions are used and com-
monsense knowledge of object interactions.

In this work, we demonstrate an annotation envi-
ronment that can integrate annotation of temporal
ordering and dependency of events, event argument
structures, and coreference relations with full- and
near-identity.

2 Background

Many of early research effort on coreference and
anaphora annotation has been centered around iden-
tifying full identity relations. However, this ap-
proach sometimes fails to provide a rigorous defini-
tion of the sameness (Poesio et al., 2006) or misses
many other important types of coreference rela-
tions (Zeldes, 2022), such as when two referring
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expressions refer to two different states of the same
entity (Rim et al., 2023).

When it comes to technical aspects of annotat-
ing coreference, due to the highly complex nature
of coreference and anaphoric relations and lack
of complete one-key definition of those relations,
the annotation is usually done by trained linguistic
experts to create large-scale public datasets (Prad-
han et al., 2012; Uryupina et al., 2016). Recently,
more efforts on gamifying the coreference annota-
tion (Chamberlain et al., 2016) or crowd-sourcing
it (Gupta et al., 2023) were reported. Still, due
to the fundamental complexity of the phenomena
that often requires long-distance context and in-
evitable ambiguity by polysemous use of language,
deconstructing coreference annotation tasks into
crowd-friendly simple questions remains an unre-
solved problem. Because of reliance on highly
trained expert annotators, many annotation envi-
ronments specifically developed for coreference
annotation are often designed to rely on heavy cog-
nitive work of annotators. For instance, annotating
coreference relations are frequently done (simulta-
neously with detecting entity mentions) as drawing
chains of coreferences across different parts of a
document. Thus, annotators are required to look
at the entire document all the time jumping top to
bottom, and use pointer devices to precisely drag-
and-draw links that often graphically rendered as
lines/arrows (Müller and Strube, 2006; Widlöcher
and Mathet, 2012) or color-coded bag-of-mentions
(Oberle, 2018; Reiter, 2018; Aralikatte and Sø-
gaard, 2020).

More recently, identifying and modeling dif-
ferent types of coreference relations beyond full
identity-based binary classification has been attract-
ing more attention in the community (Recasens
et al., 2010; Fang et al., 2022) These non-identity or
near-identity coreference relations are often called
bridging relations (Poesio and Artstein, 2008; Roe-
siger et al., 2018). More specifically, coreference
study in procedural text is gaining more attention,
based on corpus from cooking recipes or how-to
domains (Mori et al., 2014; Prange et al., 2019;
Fang et al., 2022).

Procedural texts are also a good source mate-
rial for entity state tracking. This is because they
often describe the steps involved in completing a
task, which can be used to track the state of enti-
ties as they move through the process. Tracking
the state of the entities in a procedural text is also

Figure 1: A full recipe text and its CUTL annotation in
graph form, annotated using the new CUTLER. Rectan-
gular nodes are events (processes) and oval nodes are
entity mentions (inputs and outputs), indexed with to-
ken location. Then, coreference relations in solid edges,
state changes in arrows, and event dependencies in dot-
ted edges.

very important to understand the text and how the
task is being completed. However, many studies
on state change annotations have been too restric-
tive in terms of the state vocabulary to capture the
full range of object transformations (Dalvi et al.,
2018), or too open to the extent that some of the
annotated data is totally unbound from any lexical
clues (Tandon et al., 2020), that can cause a system
based on such annotated training data to malfunc-
tion, such as hallucination in text generation (Wu
et al., 2023).



73

3 Proposed Annotation scheme

In our previous work (Rim et al., 2023), we de-
veloped Coreference under Transformation Label-
ing (CUTL) annotation scheme and CUTLER1, its
paired integrated annotation environment, that en-
ables annotation of event argument structures and
coreference relations. In this work, we continue
the work and propose a newer version that inte-
grates temporal ordering of events and event depen-
dencies in a multi-pass workflow. The annotation
results are stored in graphs and thus, intermedi-
ate annotation progress can be easily visualized
in real-time so that annotators can visually keep
track of event-event relations (temporal order, con-
ditional dependency), entity-event relations (argu-
ment structure), and entity-entity relations (differ-
ent types of coreference relations). Our new contri-
bution is expanding the previous work by adding
annotation of event-event relations and flexibility
in annotating sub-types of coreference relations.

3.1 Process-oriented event model and event
dependency

The work is based on the process-oriented event
model. The model is a way of representing an event
as a transformation process that has inputs and
outputs. Based on the model, all event mentions
(verbs) create “phantom” result entities that can be
used as regular entities for anchoring coreference
link annotations in the rest of the timeline of the
document. And the events themselves are used as
a coreference relation to represent a type of near-
identity between two nodes in the I/O graph. For
example:

(1) a. [Chop]res1 [onion]ent1.
ent1: “(whole) onion”
res1: “(chopped onion)”
ent1←−−−−−−−→

NEAR-IDENTITY
res1

b. [Chop]res1 [onion]ent1, and [add]res2
[onion]ent2 to the pan.
ent1: “(whole) onion”
res1: “(chopped onion)”
ent2: “(chopped) onion”
ent1←−−−−−−−→

NEAR-IDENTITY
res1

res1←−−−−−−−→
FULL-IDENTITY

ent2

When an entity undergoes multiple transfor-
mations in many steps, all the state changes are

1https://github.com/brandeis-llc/dp-cutl

recorded as a sequence of transformations that are
completely anchored on textual mentions (verbs).

However, the original annotation scheme fails to
address complex temporal ordering of events and
temporally conditioned event dependencies. This
means that the original annotation scheme cannot
take into account the fact that events can happen
in a different order than they are written in the
source text. Therefore, annotation is done under the
assumption that all events are already temporally
ordered in the text, and all source texts with com-
plex event orders are deliberately excluded from
annotation.

Since all transformation processes will take time
to accomplish their goal status, we argue that tem-
porality is an important factor to consider to un-
derstand object state changes. Furthermore, we
see that some temporal relations between events
are working as conditional dependencies between
the events. Therefore, it is even more important
to precisely model the temporal and conditional
relations between events. To address this problem,
we implement an annotation workflow to handle a
simplified interval-based temporal logic as condi-
tional dependencies for initiation and termination
of events. This example shows how the text order
and the temporal order of events can differ.

(2) a. [Shred]evt the cabbage fine.
b. [Cook]evt in butter [melted]evt over low
heat until [limp]evt.

• text order: shred→ cook→ melt→ (be) limp

• temporal order:

– (shred, before, cook)
– (shred, independent, melt)
– (cook, begun_by, melt)
– (cook, ended_by, (be) limp)

3.2 Sub-types of Coreference
We proposed four sub-types of coreference-under-
identity in the previous work: identity, meronymy,
metonymy, and change of location. However, a
widely adopted set of coreference relation sub-
types does not exist. Nevertheless, there is some
level of consensus in near-identity studies that the
degree of sameness/difference can be measured.
Based on our findings, the new version of the en-
vironment is customizable with any identity-based
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Figure 2: Event relation annotation step in CUTLER.

coreference sub-types, instead of hard-coding the
relations labels into the annotation environment.
New implementation enables annotation task de-
signers to add new sub-types of coreference rela-
tions while keeping partial or total order between
those relations. This flexibility allows the annota-
tion environment to be adapted to different research
needs.

4 Annotation Workflow

In this section, we overview the annotation work-
flow using the proposed annotation environment.

4.1 Input data
The annotation process begins with loading the
input data into the environment. The environment
does not support span-based mention annotation,
so the input data must be pre-annotated with spans
for entity and event mentions. This can be done
manually or with existing NLP applications. Once
the input data is pre-annotated, it can be loaded
into the environment and the annotation process
can begin.

4.2 Event relation annotation
First step in the annotation is to reorder event men-
tions based on their temporal order. From the pre-
annotated list of event mentions, annotators are
shown a pair of events and their surrounding text,
and asked to label pairwise relation by selecting a
label among

• independent: no temporal relation between
the event pair

• before/after: one event must be finished
before the other starts

• beginning/begun_by: the beginning of one
event is conditioned on the end of the other
(e.g., do X immediately after Y)

• ending/ended_by: the end of one event is
conditioned on the end of the other (e.g., do X
until Y)

• light-verb-construction (LVC)2: not a
temporal relation, but a lexical pattern that
has two separate text parts

These temporal relation names (except for LVC,
since LVC is not a temporal one) are selected from
TimeML’s TLINK, but the logic is largely based
on Allen, 1983. Each pairwise annotation is then
used in a simplified temporal reasoning algebra to
generate next prompt in real-time3.

4.3 Coreference link annotation

For this step, we directly adopt the previous CUT-
LER environment. Unlike other coreference an-
notation tools that require annotators to link en-
tity mentions across the whole document, CUT-
LER decomposes the task to individual event-level
and simplifies the complex conference task into
an event-argument linking task. This means that
annotators only need to link entity mentions that
are part of the current event, which is much easier
than linking mentions that are spread out across a
document. We add improvements

2for LVC (e.g., [Bring]evt to a [boil]evt), annotators are
asked to pick the head event span.

3the algebra is only designed to reduce the number of
pairwise prompts to annotators based on transitive reduction,
and thus does not aim to construct a total order of events nor a
full closure of temporal relations.
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1. to event argument candidate selection algo-
rithm to handle temporally conditioned over-
lapping events: previously there were no over-
lapping events, but in the new scheme, we
have end temporal relations that indicate event
overlaps.

2. to the real-time graph visualization feature,
based on our addition of a temporal order-
ing annotation step to reflect the additional
time dimension: fig 1 shows examples of
independent and ending relations.

4.4 Coreference sub-type annotation

Although we proposed four sub-types of identity-
based coreference previously, CUTLER only im-
plements an explicit interface for annotating
meronymy relations. Other sub-types are automati-
cally inferred by some magic features of the tool,
based on the entity types and event argument struc-
tures. We decided to re-do the coreference labeling
interface to make the environment more flexible
to different definitions of coreference types, as we
found different label sets from different previous
work. As a result, our environment asks annotators
to explicitly pick a label when a coreference link is
drawn, while keeping the original magic inference
feature to provide some reasonable default values
to annotators.

4.5 Output data

Annotation results are stored in relation triples,
readily available for graph visualization for human
readers or algorithmic ingestion for machine con-
sumption.

5 Future work

At the moment, the environment is implemented
as a locally hosted web application. However, we
believe that our simplified annotation scheme and
annotation workflow implementation will enable
a quick adoption of the environment into crowd-
source annotation tool running on platforms like
AMT.

6 Conclusion

In this paper, we present an integrated annotation
environment that supports different aspects of event
semantics and coreference relations, including full-
and near-identity sub-type labeling. The environ-
ment provides simplicity for annotators for quick

and easy task completion, while provides flexibil-
ity for task designers who might need to adopt
different typology and definitions of coreference
relations for their research needs and interests. The
scheme and environment (and related code) is pub-
licly available as an open-source software. And our
future direction is to port the theoretical concepts
and tool interface to a more crowdsource-friendly
implementation, to continue our effort to create an
event-driven coreference annotation dataset.

Limitations

This work showcases our latest tool development ef-
forts. The environment and annotation scheme we
present in this work are highly tailored for model-
ing conferences and event semantics in procedural
text, where the majority of events are transforma-
tional (that cause a changes in states of actual ob-
jects), rather than pragmatic or speculative, and the
majority of entities have denotations to real-world
objects. We are also developing a set of datasets
that can be used to describe the semantics of these
events and entities based on the environment and
scheme described in this work. However, those
dataset creation efforts are beyond the scope of this
paper.
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