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Overview

◆Support system development and evaluation for DARPA’s Knowledge-

directed Artificial Intelligence Reasoning Over Schemas (KAIROS) 
⚫ KAIROS systems were evaluated on their ability to 

◼ Extract events to instantiate a schema (formal complex event representations in the form of schema libraries)

◼ Make predictions about events in real-world incidents

◼ Reasonableness of the schema hierarchy and placement of each instantiated event in the schema hierarchy

⚫ Requires whole-corpus understanding from the system

◆Annotation approach: Aggregating information from the whole corpus in order 

to provide a big picture narrative of a complex event incident 
⚫ Cross-document, cross-language, cross-media event annotation

⚫ Annotations consist of a series of event (or relation) frames, structured representations populated with 

information aggregated from across the whole data set

⚫ Spanless event annotation does not utilize individual event mentions or document spans
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Complex Event (CE) Incident 

Development

◆ Incident development and selection 

⚫Coverage in target languages (English, Russian, Spanish) available online

⚫Multimedia coverage (text, video, audio, image)

⚫Represent multiple scenarios and topics

⚫Ongoing coverage, unfolding real-world incident

◆Create profile for each CE incident

⚫For reference during data scouting and annotation

⚫Brief summary of the CE

⚫Boundaries and scope of the incident for annotation purposes

⚫Some of the expected aspects of the CE that may occur in the input data set

◆15 Complex Event (CE) incidents

⚫5 scenarios, 3 incidents per scenario

⚫Multilingual, multimedia input document sets
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Complex Event (CE) Incidents
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Input Data Set Development

◆ Corpus includes document set of 16-31 documents per incident

⚫ Collection included documents relevant to each incident manually identified by native speakers (English, 

Russian, Spanish)

⚫ All data processed into standardized formats

⚫ Metadata such as source, date, and mapping of individual image, video, text files to original multimedia 

web document is included

◆ Input data set document selection priorities

⚫ Unique information in a document

⚫ Document set reflects evolving nature of the incident

⚫ Avoid document that is retrospective summary of the incident

⚫ Coverage in at least 2, usually 3 languages

⚫ Coverage in text, image, video, tweet, blog, etc.
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Input Data Set Properties
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Why Spanless Event Annotation?

◆ Challenging and time-consuming aspects of traditional span-based event annotation

⚫ Taggability: Decision-making process around identifying whether a given event mention is taggable 

and then determining its type

⚫ Redundancy: Same events appear in many documents across languages/media, inefficient to annotate 

repetitions

⚫ Granularity: Events vary slightly across documents/languages, leading to difficult event coreference 

decisions

◆ Solution: Spanless event annotation

⚫ Holistic decisions: Making the difficult decisions about taggability in a holistic way, solely based on 

relevance to the real-world incident and abstracted away from how the event is expressed in the data

◼ Because annotators create one frame per unique event per CE, event coreference decisions are not needed

⚫ Efficiency: More efficient event frame annotation than mention-based approach

⚫ Reduction of cognitive load: Annotators doing event frame annotation focus on accurate annotation of 

arguments and properties of the event
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Measuring IAA for Spanless Event 

Annotation

◆This annotation differs from previous event annotation in a number of ways 

that affect inter-annotator agreement (IAA) scoring (non-span, non-

exhaustive, Qnode labels)

⚫As a result, previous methods to measure IAA cannot be directly applied in this case 

◆We developed a new method to compare spanless annotations for this corpus 

that relies on defining a set of attributes for each annotated element and a 

weighted comparison of each attribute

⚫We also manually scored 1021 event pairs to evaluate the automatic method

◆Using this method, we achieved an f-score of .75 when comparing event 

annotations across annotators
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Spanless Event 

Annotation Workflow
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Iteratively Developing Event List 

& Using Wikidata Qnode Types

◆Team of annotators develop event list for each CE

⚫2 annotators independently develop an initial event list based on a rich summary document 

(such as a Wikipedia page, not part of the annotated document set), and senior annotator 

adjudicates 

⚫Native speaker annotators (English, Spanish, Russian) then review all documents in the 

input data set to refine the list of events, focusing on the documents in their native language

•Add or update any event, participant, or attribute information 

•Verify the presence of events from the initial event list in the input data set 

◆Specialist makes the Wikidata Qnode type decisions for the refined minimal 

set of events for each incident prior to event frame annotation

⚫Across all incidents simultaneously, provides an overarching view of the events that allows 

for consistency in type assignment throughout the corpus

⚫Using DWD event overlay produced by the Cross-Program Ontology Working Group 

(Spaulding et al., 2023) 
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Spanless Event Annotation Event Frame
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Spanless Event Annotation Arguments 

Across Data Set
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Event Frame Annotation

◆ Events (and relations)

⚫ When annotating an event or relation, annotators fill in the frame with as much information as possible 

about the event from the corpus, pulling information about the event or relation and its arguments from 

the whole document set, regardless of language or modality

⚫ Annotation reflects the final and most specific state of affairs based on the information in the data set 

⚫ Events and relations that are mentioned in multiple documents are listed only once, with their 

arguments and attributes reflecting the information available in the input data set as a whole

⚫ Event types are assigned as Wikidata Qnodes, with associated role labels from the overlay

◆ Entities 

⚫ Only annotated when they serve as an argument to one or more annotated events or relations

⚫ Fine-grained entity type assigned, using the most specific Wikidata Qnode annotator finds

⚫ Entities that can be linked to a specific, unique identity node (e.g., Indian Oil, and Mauritius) receive 

that Qnode as an identity ID

⚫ Unique NIL IDs are assigned to entities with no appropriate identity link in Wikidata 

⚫ The same entity appearing as an argument in multiple events or relations is labeled as coreferent
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Challenges

◆ Potential scaling challenges due to upfront effort required

⚫ To develop the minimal necessary set of events for each CE 

⚫ To make Qnode type decisions across the corpus as a whole

◆ Annotation advantages

⚫ Resulting cross-document event annotation allows for each event frame to include the richest, most 

complete information about the event from the document set as a whole

⚫ Individual event frames are richer and more complete than in a mention-based approach

⚫ Reduces the need for effortful exhaustive mention annotation
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Temporal Ordering of Events in each CE

◆ In addition to labeling specific timestamp information for each event frame, the 

final list of annotated events for each CE is also put in temporal order based 

on start order
⚫ Annotators indicate temporal ordering by specifying the start order for each event, relative to other 

events for the CE, using the annotator’s understanding and logical reasoning about the order in which 

events started during the incident

⚫ Event start order may be specified as exactly, before or after some numbered order, or may be 

specified as unknown

⚫ Before and after may be combined

⚫ More than one event can have the same start order relative to other events

◆Annotating only events that are critically relevant to the CE and annotating 

coarse-grained events allows the temporal start order to be relatively 

straightforward
⚫ For aggregated coarse-grained events, annotators order by the earliest start time they understand in 

the aggregate
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Annotated Corpus Profile

◆15 annotated document sets

◆3 real-world incident CEs for each of 5 scenarios

◆Documents in English, Russian, and Spanish

◆ Includes text, image, audio, and video data 

◆With an emphasis on data that mimics real-time situation monitoring, including 

real-time unfolding events, partial information, and social media

◆The structured annotation for each CE covers all critically relevant events, 

relations, and arguments, with event and entity linking to Wikidata Qnodes 

and temporal ordering of all events
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Conclusion

◆ Corpus-wide non-span-based coarse-grained events 

⚫ Richer and more efficient annotation of the 15 data sets in this corpus than the traditional span-based 

approach to fine-grained event/relation annotation used in much of the prior work 

⚫ Event annotations for each CE serve as a cross-document summary of the incident CE in the form of 

structured event representations

⚫ Corpus addresses gaps in the availability of multilingual, multimedia corpora for schema-based event 

representation

◆ Corpus supported the KAIROS Phase 2B evaluation of performer systems 

⚫ Input to the automated scoring 

⚫ Human reference annotation that systems were compared against in manual assessment

⚫ Because the annotated events in this corpus are coarse-grained as well as corpus-wide and non-span-

based, human assessors were able to make judgments about matching a wide range of system events 

to the human annotated events

◆ To be published in the LDC catalog once program needs permit
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