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Abstract

The development of a robust annotation scheme
and corresponding guidelines is crucial for pro-
ducing annotated datasets that advance both lin-
guistic and computational research. This paper
presents a case study that outlines a method-
ology for designing an annotation scheme and
its guidelines, specifically aimed at represent-
ing morphosyntactic and semantic information
regarding temporal features, as well as medi-
cal information in medical reports written in
Portuguese. We detail a multi-step process that
includes reviewing existing frameworks, con-
ducting an annotation experiment to determine
the optimal approach, and designing a model
based on these findings. We validated the ap-
proach through a pilot experiment where we
assessed the reliability and applicability of the
annotation scheme and guidelines. In this ex-
periment, two annotators independently anno-
tated a patient’s medical report consisting of six
documents using the proposed model, while a
curator established the ground truth. The analy-
sis of inter-annotator agreement and the annota-
tion results enabled the identification of sources
of human variation and provided insights for
further refinement of the annotation scheme
and guidelines.

1 Introduction

Manual annotation is a cornerstone of both linguis-
tic research and natural language processing (NLP)
(cf. e.g., Snow et al., 2008; Bhardwaj et al., 2010;
Flickinger et al., 2017), enabling the research of
linguistic phenomena and providing “gold labels”
for training and assessing models in multiple NLP
tasks (Pustejovsky and Stubbs, 2012; Pustejovsky
et al., 2017; Levi and Shenhav, 2022). In addition
to supporting data-driven approaches, manual anno-
tation contributes to formalizing linguistic theories
by offering a structured framework for empirical
validation (Hovy and Lavid, 2010). Developing
a comprehensive annotation scheme is critical to

ensure that the annotation is systematic, consis-
tent, interoperable, and comprehensive. A well-
designed scheme enables the accurate representa-
tion of complex linguistic phenomena grounded
in theory while maintaining practical applicability
for annotators (Beck et al., 2020). When the data
pertains to highly specialized subject matter, such
as medical discourse, or involves the intersection of
distinct domains, such as linguistics and medicine,
the demands on scheme design increase substan-
tially. In such cases, the annotation scheme and
corresponding guidelines must be particularly pre-
cise and detailed to ensure accurate interpretation.
This complexity challenges scheme designers and
places additional cognitive and interpretive burdens
on annotators (Graham and van der Meer, 2015).
Among the additional challenges in annotating clin-
ical narratives is the significant heterogeneity of
the content and writing styles of medical reports,
which vary not only across healthcare institutions
(Zhu et al., 2023), but also between different depart-
ments or services within the same hospital. These
texts are often written in a free and spontaneous
manner, reflecting an inherent diversity of topics
and concepts specific to the medical domain. More-
over, clinical texts differ substantially from non-
clinical texts due to the highly technical and spe-
cialized nature of the field, as well as the frequent
use of abbreviations, which significantly increases
the complexity of their processing (Moharasan and
Ho, 2019). Additionally, biomedical terminology
is inherently complex, and it is common for certain
terms to have different meanings depending on the
context in which they are used. This further un-
derscores the need for clear and context-sensitive
annotation guidelines (Irrera et al., 2024).

A critical aspect of the annotation process is the
assessment of both the effectiveness of the annota-
tion scheme and the annotators’ understanding of
the guidelines. Successful annotation depends on
the clarity, coherence, and comprehensiveness of
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the documentation, as well as the annotators’ train-
ing and familiarity with the scheme (Artstein and
Poesio, 2008). Well-developed guidelines — fea-
turing explicit definitions and illustrative examples
— are essential for achieving reliable and accurate
annotations (Pustejovsky and Stubbs, 2012). The
validation of annotation schemes typically involves
a combination of pilot studies, iterative guideline
refinement, and qualitative analyses of problem-
atic cases. The annotation process generally entails
collecting judgments from multiple annotators for
each data instance, a practice widely recognized for
enhancing annotation quality (Snow et al., 2008).
A commonly used metric to assess the quality of
the annotation is inter-annotator agreement (IAA),
which provides a quantitative assessment of annota-
tion consistency (Artstein and Poesio, 2008). High
IAA scores suggest clear and effective guidelines,
whereas low agreement may stem from a variety
of causes (Artstein, 2017; Basile et al., 2021; Bay-
erl and Paul, 2024), often revealing ambiguities or
conceptual difficulties that require further attention.

Analyzing sources of annotation disagreement is
determinant in improving annotation frameworks,
providing valuable information on areas where
guidelines may need clarification or extension (Art-
stein and Poesio, 2008; Hovy and Lavid, 2010).
Although human variation in clinical annotation is
natural, it is generally undesirable because, for ex-
ample, the annotation can be used to develop infor-
mation extraction algorithms for clinical research,
where data must be unambiguous. Therefore, am-
biguity must be eliminated, and disagreement in
the annotation should be minimal or ideally nonex-
istent. Nevertheless, analyzing such variation in
earlier stages of the annotation process can serve
as a valuable diagnostic tool, revealing limitations
or ambiguities in the current annotation design and
accompanying guidelines. Observing patterns of
annotator disagreement helps refine the guidelines
and ultimately contributes to reducing annotation
errors (Finlayson and Erjavec, 2017; Beck et al.,
2020).

The primary objective of this paper is to describe
a methodology to develop and validate an annota-
tion scheme. We focus specifically on strategies
aimed at minimizing human variation throughout
the annotation process. To this end, we present a
case study involving the design of an annotation
scheme for medical reports written in European
Portuguese. Our main contributions are as follows:
(1) a methodological proposal for the design and

validation of annotation schemes; (2) a case study
illustrating the role of human variation analysis in
refining annotation schemes and guidelines; (3) an
annotation scheme for representing both linguistic
and medical information in European Portuguese
medical reports.

The paper is structured as follows. Section 2
reviews related work. Section 3 presents the case
study, beginning with a description of the annota-
tion scheme (3.1), followed by the results of the
evaluation and a discussion (3.2) of how the find-
ings informed improvements to the scheme and
guidelines (3.2.2). The paper concludes with final
remarks and directions for future work (4).

2 Related work

The development and validation of annotation
schemes is a labor-intensive and demanding task.
Yet, it is essential for both linguistic research and
NLP applications. Over the past four decades,
annotation strategies have evolved significantly.
Since the early 1990s, when annotation became
central to training machine learning models and
practices were mostly improvised (Ide, 2017), there
has been substantial progress toward systematizing
and formalizing annotation methodologies.

A considerable body of work has focused on
establishing principled standards for creating and
validating annotation schemes. For example, Gra-
ham and van der Meer (2015) propose a seven-step
annotation process. This process begins with select-
ing and preparing data, followed by formulating
labels and attributes grounded in linguistic theory,
and drafting the annotation scheme and accompa-
nying guidelines. Subsequent steps include piloting
the scheme on a sample dataset, evaluating the out-
comes through IAA, and revising the scheme and
guidelines if needed. The process concludes with
large-scale annotation, periodic evaluations, and,
finally, model training. A comparable approach
is presented by Pustejovsky et al. (2017) through
the MATTER annotation cycle (Model, Annotate,
Train, Test, Evaluate, Revise), which emphasizes
the iterative nature of annotation development. A
key component of this cycle is the MAMA loop
(Model-Annotate-Model-Annotate), whereby anno-
tation schemes are continually tested and refined.

Designing a robust annotation scheme is in-
herently complex and critical for producing high-
quality annotated datasets. As emphasized by Fin-
layson and Erjavec (2017), this process should be
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multi-phased, collaborative, and supported by ap-
propriate tools. Additionally, the complexity of
annotation tends to increase with the level of lin-
guistic detail involved (Flickinger et al., 2017).

Once the scheme is designed, it is necessary to
rigorously evaluate the annotation scheme and its
guidelines. Among various evaluation approaches,
IAA agreement remains one of the most widely
adopted and recognized. Artstein (2017) points
out that IAA is not just a measure of reliability;
it is also a tool for refining annotation schemes
and understanding how annotators interpret them.
Artstein and Poesio (2008) conceptualize IAA as
an indicator of annotation "trustworthiness". Com-
monly used metrics for measuring IAA include Co-
hen’s kappa (Cohen, 1960), Krippendorft’s alpha
(Krippendorff, 2004), and simple percentage agree-
ment. Bhardwaj et al. (2010) introduce Anveshan
(Annotation Variance Estimation), a framework de-
signed to evaluate patterns of annotator agreement
and disagreement. This framework includes IAA
agreement analysis and outlier detection based on
annotation values.

However, reporting IAA results alone is often
insufficient. Additional contextual information is
necessary for meaningful interpretation. Bayerl
and Paul (2024) advocate for including essential
metadata to ensure transparent assessment of agree-
ment, such as annotator expertise (e.g., novices,
domain experts, scheme developers). Furthermore,
Bayerl and Paul (2024) identify factors that can
influence IAA agreement such as the annotation
domain, the number of categories in the annotation
scheme, the number and expertise of annotators,
the training provided to annotators, the purpose of
the annotation task, and the specific agreement met-
rics used. From a different perspective, Basile et al.
(2021) challenge the idea of a singular "correct"
annotation. They identify three primary sources
of disagreement — annotator-related, data-driven,
and context-dependent — and argue for embracing
disagreement within evaluation frameworks, pro-
moting the use of multiple annotations and adaptive
metrics.

Analyzing the sources of annotator disagreement
can be a productive strategy for improving annota-
tion schemes and guidelines. Teruel et al. (2018)
and Hovy and Lavid (2010) demonstrate that such
analysis can lead to greater clarity in annotation
instructions and scheme structure. Likewise, Levi
and Shenhav (2022) advocate for breaking down
annotation tasks into distinct layers to effectively

isolate and address sources of disagreement. Dick-
inson and Tufis (2017) highlight the value of "it-
erative enhancement” — a process that involves
identifying errors to accelerate annotation and im-
prove its quality. This iterative process often re-
sults in enhanced guidelines and refined annotation
schemes. Beck et al. (2020) discuss five different
sources of problems in annotations: ambiguities
and variations in the data, uncertainty among the
annotators, errors, and biases. According to the
authors, failing to address these issues can have
undesirable consequences for different phases of
the annotation process, while resolving them can
yield more robust scientific results.

While the majority of the reviewed studies em-
phasize important aspects to consider in the devel-
opment and validation of annotation schemes, they
rarely provide a detailed, step-by-step account of
the entire annotation process. In contrast, our work
aims to fill this gap by offering a comprehensive
framework for structuring the annotation workflow.
Specifically, we highlight the critical role of analyz-
ing human variation as a means to iteratively refine
both the annotation scheme and the accompanying
guidelines.

3 A case study

In this section, we present the methodology devel-
oped to design and validate our annotation scheme,
as outlined in Figure 1.

The proposed approach is structured into four
distinct phases, each comprising multiple steps that
guide the annotation process from conception to
evaluation. To illustrate the practical application of
our methodology, we conduct a case study in which
we implement and assess an annotation scheme
tailored to extract both grammatical and medical
information embedded within clinical narratives.
The source material includes admission reports,
discharge summaries, and general clinical notes.
This annotation scheme serves as the foundation
for constructing an annotated corpus of medical
records written in European Portuguese, specifi-
cally from patients diagnosed with Acute Myeloid
Leukemia (AML), a relatively understudied condi-
tion, being the extraction of structured data from
clinical narratives essential to support and facilitate
research efforts. Additionally, the proposed anno-
tation scheme and the resulting annotated dataset
will enable a detailed investigation of the semantic
characteristics of medical records, particularly for
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‘ PHASE 1 - FOUNDATIONAL PREPARATION ‘

!

‘ Literature review on annotation schemes ‘

!

‘ Exploratory annotation experiments with existing schemes ‘

!

‘ Reflection on experimental outcomes ‘

‘ PHASE 2 - DESIGN AND SPECIFICATION ‘

!

Adaptation of existing schemes or development of a new one
- Selection of tags and attributes
- Definition of the annotation methodology
- Specification of the annotation procedure

|

Development of annotation guidelines
— Writing definitions of tags and attributes with examples
—Describing the full annotation workflow

|

‘ Definition of decision trees |

|

‘ Application of the scheme and guidelines to a sample dataset ‘

‘ PHASE 3 - EMPIRICAL VALIDATION |

‘ Pilot annotation campaign with multiple annotators ‘
through int gl (IAA) and
interviews
‘ Analysis of human variation ‘
‘ PHASE 4 - CONSOLIDATION AND REFINEMENT ‘

Improvement of the annotation scheme and guidelines based on
validation results

Figure 1: The proposed methodology for the develop-
ment and validation of the annotation scheme.

temporal features.

Subsection 3.1 details the methodology em-
ployed in the development of the annotation
scheme, while Subsection 3.2 discusses the pro-
cedures used to validate the scheme.

3.1 The development of the annotation
scheme and guidelines

The initial step of Phase 1 involved a comprehen-
sive review of the literature to identify existing
frameworks for annotating clinical reports with
morphosyntactic, semantic, and medical informa-
tion!. Over the years, several proposals have fo-
cused on the annotation of grammatical informa-
tion — particularly entities and temporal relations
— as well as the integration of clinical information
via medical ontologies (e.g., Roberts et al., 2009;
Styler IV et al., 2014; Oliveira et al., 2022; Nunes
etal., 2024).

Given our objective to represent both the tempo-
ral properties and key medical aspects of clinical
reports in European Portuguese, we prioritized an-

"For a more detailed review of the annotation schemes
designed for clinical narratives, the reader is referred to (Fer-
nandes et al., 2025)

notation schemes that provided robust frameworks
for these two dimensions. For grammatical infor-
mation, the Text2Story annotation scheme offered
a comprehensive and multilayered proposal for cap-
turing various temporal features in textual data.
This scheme (Silvano et al., 2021; Leal et al., 2022)
was developed in alignment with the ISO 24617
standard (International Organization for Standard-
ization, 2012), and was originally applied to an-
notate morphosyntactic and semantic elements in
European Portuguese news articles. Its tempo-
ral layer builds upon ISO TimeML (ISO-24617-
1, 2012), a widely adopted standard with demon-
strated applicability across diverse contexts, and
includes adaptations tailored to the specificities of
Portuguese. The Text2Story annotation scheme has
several key advantages over alternative frameworks
such as PropBank, Abstract Meaning Representa-
tion, and Penn Treebank since these are character-
ized as closed systems, with predefined structures
and fixed category sets that constrain their flexi-
bility and limit their applicability across diverse
domains or layers of annotation. In contrast, ISO
24617, from which ISO TimeML is one part, offers
a more open and modular architecture, support-
ing the integration of multiple layers of annotation.
Additionally, ISO 24617 was conceived as an in-
teroperable standard, designed to accommodate a
range of theoretical models and natural languages,
allowing for its adaptation, with minimal modifica-
tions, to different linguistic and contextual settings.

Concerning medical information, our review
highlighted two annotation schemes — i2b2 (Sun
et al., 2013) and MERLOT (Campillos et al., 2018)
— as particularly relevant. Both were specifi-
cally designed for the medical domain and have
demonstrated promising results in producing large-
scale, complex clinical annotations, along with
achieving high IAA scores. The selection of these
schemes was based on a preliminary analysis that
considered not only the coverage of relevant clini-
cal categories but also the robustness of the mod-
els. Subsequently, practical annotation experiments
were conducted using these frameworks to evalu-
ate their performance in annotating our specific
corpus. For this preliminary comparative analysis,
six pseudonymized admission reports from patients
treated at IPO-Porto, Portugal, were manually an-
notated using three different annotation schemes.
The results demonstrated that the Text2Story anno-
tation scheme was more effective in capturing mor-
phosyntactic and semantic information. However,
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it was inadequate for representing domain-specific
medical content. Conversely, while the i2b2 and
MERLOT schemes facilitated the annotation of rel-
evant clinical concepts, the labels employed were
overly broad and lacked the specificity required for
fine-grained semantic representation in the medical
domain. The summary of the results of this com-
parison can be found in Table 5 in the Appendix
AZ.

Following this initial evaluation, it became
clear that none of the existing annotation schemes
could be adopted without substantial modifica-
tion. To further investigate the identified limita-
tions and inform the development of a more suit-
able scheme, we analyzed a broader corpus of
100 pseudonymized clinical narratives from IPO-
Porto, comprising admission reports, discharge
summaries, and general clinical notes. This ex-
tended analysis was conducted in collaboration
with a medical specialist from IPO-Porto to iden-
tify the essential clinical information that should
be captured in the annotation process.

Grounded on the results of our analysis, we com-
menced Phase 2 - Design and Specification of the
annotation scheme and guidelines. For grammati-
cal information, we concluded that the Text2Story
scheme provided a comprehensive set of labels
for encoding the morphosyntactic and semantic
properties of events and temporal expressions. In
addition to entity structures (events and temporal
expressions), the Text2Story scheme — consistent
with the ISO TimeML standard — also includes
link structures such as Temporal Links (TLinks),
which support the representation of temporal re-
lations among events. The selection of domain-
specific medical labels was guided by the UMLS
Metathesaurus ontology (Bodenreider, 2004), pro-
viding a systematic and internationally recognized
framework. The definitions of the medical labels
presented in this work were also informed by the
contributions of Leite (2024), whose research on
the same corpus proposed a preliminary set of clin-
ically relevant categories validated by a special-
ized physician. Several of these categories were
retained, while others were adapted or refined to
better suit the present annotation goals.

Building on this foundation, a set of domain-
specific tags was introduced to support the struc-
tured representation of medically relevant informa-

%A detailed analysis of the results from these experiments,
and a thorough justification of the selection of the most suit-
able scheme will be the subject of future publication.

tion. These include Sign or Symptom, Personal
History (Past Medical History, Comorbidity or Un-
defined), Intercurrence, Examination, Examination
Result, Principal Diagnosis, Characterization of
the Disease, Medical Procedure, Treatment, Drug
Administration Route, and Treatment Response.
Adding these tags solved the problem of overly
broad categories present in other schemes. Ad-
ditionally, a decision tree was developed for se-
lecting domain-specific medical labels to ensure
consistency and accuracy in the annotation process,
minimizing ambiguities and enhancing the replica-
bility of results. Since the annotation of clinical
narratives involves interpreting medical terms in
different contexts, the hierarchical structure of the
decision tree helps guide annotators in selecting the
most appropriate labels, reducing inter-annotator
variability. This enhancement appears to be particu-
larly advantageous for both annotators with a med-
ical background and those without. For the former,
familiarity with this method, widely used in clinical
settings to support decision-making (Bae, 2014),
facilitates a more intuitive and effective adoption
of the annotation scheme. For the latter, the deci-
sion tree serves as a structured guide that aids in
understanding the annotation criteria, reducing the
need for extensive prior knowledge of medical ter-
minology and promoting greater standardization in
the annotation process. Once the initial version of
the annotation model was defined, it was iteratively
tested and refined using the annotated data until it
was capable of representing all relevant information
present in the clinical records. Throughout this iter-
ative process, comprehensive annotation guidelines
were developed. These guidelines include detailed
descriptions of each annotation phase, definitions
and attributes for all labels, illustrative examples
drawn from the dataset, and clarifications for com-
plex or ambiguous cases encountered during anno-
tation. This version of the scheme and guidelines
can be found in the GitHub repository.

3.2 Assessment of the annotation scheme and
guidelines

Phase 3 of our proposal involves the validation
of the annotation scheme and its guidelines, with
a focus on evaluating its consistency, reliability,
and interpretability. As discussed in Section 2,
IAA is a widely accepted strategy for assessing the
quality of annotation guidelines and the clarity of
the annotation model itself.

To carry out this evaluation, we conducted a
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small-scale experiment involving two linguistics
students with prior experience in annotation tasks.
The INCEpTION tool (Klie et al., 2018) was config-
ured with our proposed annotation scheme, and the
annotators were provided with both the scheme and
its accompanying guidelines. They were instructed
to annotate a set of synthetic clinical reports, which
included one group consultation note, three dis-
charge reports, and one general report concerning
a patient diagnosed with AML. These reports were
generated by a specialist physician from [PO-Porto
to ensure clinical relevance and realism. The re-
ports can be found in the GitHub repository.

In addition to the IAA analysis, we implemented
a curation-based evaluation strategy to further as-
sess the validity and practical applicability of the
annotation scheme and guidelines. The curator,
who held a background in both linguistics and phar-
maceutical sciences, reviewed the annotated doc-
uments to identify common annotation errors and
challenges faced by the annotators. This process
facilitated the detection of inconsistencies, such
as the assignment of divergent labels to semanti-
cally similar events, which were often traced back
to ambiguities or insufficient clarity in the annota-
tion guidelines. Such findings were instrumental
in refining both the scheme and its documentation,
thereby improving the overall robustness and relia-
bility of the annotation process.

Subsequently, we computed IAA metrics, which
are reported in the following section. The agree-
ment was quantified using Cohen’s Kappa and Krip-
pendorff’s Alpha, two well-established statistical
measures for evaluating reliability (Artstein, 2017).
Values closer to 1 indicate stronger agreement and,
by extension, a more reliable annotation scheme.
Furthermore, treating the curator’s annotations as
the reference (or "gold standard"), we also mea-
sured the annotation distance between each annota-
tor and the curator to assess alignment with expert
judgment.

Finally, we conducted a detailed qualitative anal-
ysis of the sources of disagreement, to understand
the underlying factors contributing to human varia-
tion in annotation. These findings provided insights
that informed subsequent refinements to both the
annotation scheme and the supporting guidelines.

3.2.1 The analysis of IAA and curation

The analysis of IAA and curation outcomes pro-
vides valuable insights into the effectiveness and
clarity of the annotation scheme and its accompany-

Table 1: TAA (initial pilot) on span and relation annota-
tions (exact match criteria) between ANN1, ANN2, and
the curator, based on the curated reference.

type annotators krippendorff_alpha | cohen_kappa
ANN?2, Curator 0.761 0.760

relation | ANNI1, Curator 0.754 0.754
ANNI, ANN2 0.614 0.614
ANN2, Curator 0.741 0.742

span ANNI, Curator 0.910 0.910
ANNI1, ANN2 0.682 0.684

ing guidelines. As shown in Table 1, the identifica-
tion of text spans corresponding to events and time
expressions and temporal links (TLinks) between
events, events and time expressions, and between
time expressions achieved substantial agreement,
as indicated by Cohen’s kappa values (Landis and
Koch, 1977). Notably, agreement between individ-
ual annotators and the curator is higher than that
observed between annotators, for both text spans
and TLinks. In particular, the agreement between
Annotator 1 (ANNT1) and the curator for text span
identification reached the threshold for almost per-
fect agreement, suggesting strong alignment with
the curation standard.

A closer examination of the divergences between
annotators and the curator regarding text span anno-
tation reveals two primary sources of disagreement:
(i) cases in which both annotators recognize the
same event or temporal expression but differ in the
extent of the annotated span; and (ii) cases in which
only one annotator identifies the event or temporal
expression.

In the first category, although both annotators
consistently identify the same underlying event —
typically marked by the same nuclear noun — dis-
crepancies arise due to variations in the delimi-
tation of the annotated span. These differences
are attributable to factors such as: (a) the inclu-
sion or omission of leading or trailing whites-
pace; (b) divergent judgments on whether to an-
notate the full nominal phrase, including modi-
fiers or complements, versus only its nucleus (e.g.,
[antecedentes relevantes] ‘relevant antecedents’
vs. [antecedentes] ‘antecedents’); (c¢) inclusion of
quantifiers (e.g., [duas consolidagdes] ‘two consol-
idations’ vs. [consolidac¢des] ‘consolidations’); (d)
the presence or absence of prepositions introducing
the expression (e.g., [em remissdo completa] ‘(in)
complete remission’ vs. [remissdo completa] ‘com-
plete remission’); and (e) the presence of multiple
semantic units within a single span, such as “car-
i6tipo normal” (‘normal karyotype’), which one
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annotator treats as a single markable, while the
other annotates “cariétipo” (‘karyotype’) and “nor-
mal” (‘normal’) as separate events.

The second category comprises 22 instances in
which one annotator identified a markable that
the other did not. These omissions often stem
from challenges in interpreting domain-specific lan-
guage and document structure. For instance, in
one recurring case, the term “resumo” (‘summary’)
— used to introduce a retrospective overview of
the patient’s clinical history — is annotated as a
General Event Class by one annotator, while the
other omits it, possibly not recognizing its func-
tional role. Similar inconsistencies are observed
with specialized medical terminology unfamiliar
to one or both annotators. Terms such as “blas-
tos” (‘blasts’) and “piperacilina-tazobactam” are
annotated as events by one annotator, while the
other does not annotate them. The same applies
to acronyms and abbreviations from the medical
domain (e.g., “7+3”, “NPM1+”, “FLT3+”, “EV”),
which are variably interpreted either as temporal
expressions or domain-specific events.

Finally, several cases of disagreement can be
attributed to differences in grammatical interpre-
tation. For example, in the phrase “fez indugdo”
(‘did induction’), one annotator treats “fez” (‘did’)
as a main verb and accordingly annotates it as an
event, while the other classifies it as a light verb,
and instead identifies “induc@o” (‘induction’) as
the semantic nucleus, thereby excluding “fez” from
annotation. Such differences highlight the chal-
lenges posed by complex syntactic constructions
and further underscore the importance of clear, un-
ambiguous annotation guidelines.

Turning to the analysis of inter-annotator agree-
ment (IAA) on event attributes, as presented in Ta-
ble 2, the results reveal considerable variability in
agreement levels across different attributes. Agree-
ment values between Annotators 1 (ANN1) and 2
(ANN?2) range from fair (x = 0.22 for Aspect) to
almost perfect (x = 0.95 for Part of Speech).

The low agreement for the Aspect attribute sug-
gests potential issues in the clarity or interpretation
of the guideline’s definition. The current descrip-
tion — “The grammatical category that expresses
the way an event is structured internally and un-
folds over time (over an interval or in a moment),
taking into account whether its duration is indeter-
minate or whether it has boundaries” — may have
inadvertently introduced confusion. Although the
Aspect attribute is intended to reflect grammatical

aspect, its definition appears to overlap conceptu-
ally with lexical aspect, which is covered under
the Class and Event Type attributes. This ambigu-
ity likely contributed to the lower agreement for
Aspect, especially when compared to the higher
levels observed for Class (v = 0.56) and Event
Type (k = 0.68), suggesting that annotators found
it easier to identify lexical rather than grammatical
aspectual properties.

The agreement for Verb Form is also relatively
low (v« = 0.37), which is somewhat unexpected.
This attribute involves the recognition of non-finite
verb forms — typically a straightforward task for
annotators with linguistic expertise. Interestingly,
this agreement value is lower than that observed for
Tense (x = 0.78), despite the latter also involving
morphological identification, albeit of finite verb
forms. This discrepancy may indicate that the an-
notation of non-finite forms introduces ambiguities
not present in the identification of tense.

As anticipated, the Part-of-Speech attribute
yielded the highest agreement (v = 0.95), reflect-
ing the annotators’ strong background in linguis-
tics and the relative simplicity of identifying major
word classes. In contrast, Polarity achieved only
substantial agreement (x = 0.60), which is some-
what surprising given that polarity identification is
similarly considered a relatively simple classifica-
tion task. This suggests that further clarification
or refinement of the annotation criteria for Polarity
may be beneficial.

With respect to the Specialized Event Class at-
tribute, the agreement between annotators was sub-
stantial (x = 0.73). Considering that the anno-
tators have domain expertise in linguistics rather
than medicine, this level of agreement suggests that
the annotation manual’s definitions and examples
drawn from the clinical domain are generally ac-
cessible and comprehensible. Nevertheless, these
results also point to opportunities for refinement,
particularly in enhancing the clarity of domain-
specific guidelines to further support non-expert
annotators.

As for Time spans, the results are very diverse:
the agreement values between annotators are less
than chance agreement regarding "Temporal Func-
tion" (because one of the annotators did not per-
form this annotation), but are perfect and almost
perfect regarding Time Type as revealed by Table
3.

Table 4 presents the results of IAA for temporal
relation annotations across varying threshold lev-
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Table 2: IAA scores (initial pilot) on event attributes
between ANN1, ANN2, and the curator, based on the
curated reference.

type annotators krippendorff_alpha | cohen_kappa
ANNI1, ANN2 0.227 0.252
aspect ANN?2, Curator 0.460 0.440
ANNT1, Curator 0.126 0.145
ANNI1, ANN2 0.568 0.566
class ANN?2, Curator 0.789 0.786
ANNI1, Curator 0.769 0.767
ANNI1, ANN2 0.683 0.680
event ANNI1, Curator 0.816 0.814
ANN?2, Curator 0.851 0.848
ANNI1, ANN2 0.606 0.606
polarity ANNI, Curator 0.920 0.920
ANN?2, Curator 0.608 0.607
ANNI1, ANN2 0.959 0.959
pos ANN?2, Curator 0.889 0.889
ANNI1, Curator 1.000 1.000
ANNI1, ANN2 0.731 0.730
specialized | ANN2, Curator 0.792 0.792
ANNT1, Curator 0.820 0.819
ANNI, ANN2 0.787 0.783
tense ANNI1, Curator 1.000 1.000
ANN?2, Curator 0.705 0.703
ANNI1, ANN2 0.379 0.375
vform ANNT1, Curator 0.462 0.429
ANN?2, Curator 0.690 0.667

Table 3: TAA results (initial pilot) for time expression
attributes between ANN1, ANN2, and the curator, based
on the curated reference.

type annotators krippendorff_alpha | cohen_kappa
temporal ANNI1, ANN2 -0.326 0.063
function ANN2, Curator -0.389 0.049
ANN1, Curator 0.523 0.520
time ANNI1, ANN2 1.000 1.000
type ANN?2, Curator 1.000 1.000
ANN1, Curator 0.904 0.902

els. As the threshold increases from O to 3, both
the number of matched temporal links (TLinks)
and the proportion of those matches that include
agreement on the relation type (e.g., Before, After,
Overlap) also increase. This suggests that applying
more relaxed matching criteria — specifically re-
garding the span boundaries — improves alignment
between annotators. Consequently, the percentage
of agreement on TLink attributes rises from 26.7%
at threshold O to 31.9% at thresholds 2 and 3. At
threshold 0, among a total of 212 TLinks estab-
lished between events, events and time expressions,
and between time expressions, annotators agreed
on the TLink in 41% of the cases, and only in
26% of the cases (56 out of 87) did they agree
on the TLink attribute. However, when filtered to
exclude the cases where annotators disagreed on
the TLink attribute and considering only the 56
cases of agreement, the proportion of agreement
significantly increases to 64.4%. Although further

detailed analysis is required to identify the under-
lying causes of disagreement, these results point
to the complexity of annotating temporal relations
and suggest that clearer annotation guidelines may
be necessary to ensure more consistent labeling.
Additionally, these findings underscore the impor-
tance of further training for annotators to enhance
reliability in this domain.

Table 6 in the Appendix A presents the distribu-
tion of label annotations in the initial pilot study
after curation, while Table 7 shows the distribution
of attributes for the specialized events in the same
pilot study.

Table 4: Results of IAA between annotators in TLINKSs
and TLINKSs attributes (initial pilot).

% agreement
matches

% agreement
matches in TLink type
in TLink type (filtered)

87 56 0.414 0.267 0.644
1 103 64 0.490 0.305 0.621
2 109 67 0.519 0.319 0.615
3 110 67 0.524 0.319 0.609

#matches % agreement

threshold | #TLink matches in TLink type | TLink matches

(

3.2.2 Improvement of the annotation scheme
and guidelines

The analysis of the curation results and IAA pre-
sented in Section 3.2 highlighted several issues that
required clarification in the annotation scheme and
its associated guidelines, particularly concerning
the definition of markables. Although a detailed
definition for markables was already provided in
the guidelines, we decided to refine the instructions
by specifying that markables should not include
whitespace before or after the span, nor punctuation
marks such as commas. Additionally, the statistical
analysis revealed the need for further clarification
regarding the annotation of noun complements and
modifiers, as well as quantifiers. Specifically, when
an event is accompanied by a temporal comple-
ment or modifier, such as "quadro recente" (‘recent
case’), the modifier should be annotated with the
Time label and receive the attributes defined by
TIDES 2005 (Ferro et al., 2005). To facilitate this,
an open field labeled Value was introduced. Fur-
thermore, in cases where events are preceded by
quantifiers, such as "duas consolidagdes" (‘two con-
solidations’), the quantifier should not be annotated
as part of the event but should instead be captured
in the quantification field.

Concerning lexicalized and semi-lexicalized ex-
pressions, although the guidelines already specified
that the entire expression should be marked — in-
cluding prepositions — we decided to include the
example "em remissdo completa" (‘in complete re-
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mission’), as it is a recurrent expression in medical
reports.

Another issue pertained to the annotation of ab-
breviations. For instances such as "O FLT3 foi +"
(‘the FLT3 was +’), where the symbol "+" repre-
sents the event ‘positive’, a mechanism was needed
to ensure proper annotation. To address this, an
open field called Observations was introduced, en-
abling the abbreviation to be annotated as an event
with its full form recorded in that field.

With polarity, we clarified that events preceded
by negative quantifiers, such as "nada" (‘nothing’),
or by negative verbs, such as "deixar de + infinitive"
(‘to stop + infinitive’), should also be annotated
with a negative polarity attribute.

Some annotation errors arose due to the annota-
tors’ lack of medical knowledge. Although the deci-
sion tree assists in the selection of domain-specific
labels, we believe that the annotation process would
be further facilitated if annotators received brief
training on the specific disease reported in the
medical records — in this case, Acute Myeloid
Leukemia. Familiarity with domain-specific con-
cepts would enable annotators to better identify
and apply the relevant labels. To this end, we in-
corporated a short video presentation, accessible
via QR code, created by a specialist physician at
[PO-Porto.

In addition to analyzing the curation results and
IAA, we conducted interviews with annotators to
identify the main difficulties encountered during
the annotation process. The aim was to refine the
annotation scheme and improve its applicability.
One issue that was raised was related to the label
General Event Class, which included an attribute
called Class. This terminology caused ambiguity,
complicating the annotation process. To resolve
this, the scheme was reorganized, renaming Gen-
eral Event Class to General Event, while retaining
the name of the Class attribute. To maintain termi-
nological consistency, the label Specialized Event
Class was also renamed to Specialized Event. An-
other issue highlighted by the annotators was the
redundancy in annotating events within the Special-
ized Event Class, which required dual labeling with
both Specialized Event Class and General Event
Class. This redundancy arose because certain at-
tributes, such as Polarity and Part of Speech, were
only defined for the General Event Class. To ad-
dress this, these attributes were integrated directly
into the Specialized Event Class, eliminating the
need for dual labeling. However, attributes exclu-

sive to the General Event Class were not incor-
porated, as events in the Specialized Event Class
typically correspond to nouns and adjectives, which
only receive Polarity and Part-of-speech attributes.
Another challenge reported by annotators was re-
lated to inter-document annotation. Annotators ex-
perienced difficulty identifying which relationships
should be established between different medical
reports for the same patient. To address this, the
guidelines were clarified to specify how events and
expressions should be linked across multiple re-
ports. It was established that the Doctime (date of
report creation) should always be connected to both
the previous and subsequent report dates. Events
in the reports should only link to the previous re-
port via TLINK Identity when pertinent to the un-
derstanding of the patient’s story. Additionally,
two new attributes, Admission Date and Discharge
Date, were introduced for dates. When a report
is written during a hospitalization period, the Doc-
time of that report should be linked to both the
Admission Date and Discharge Date of the corre-
sponding report. When the Doctime corresponds
to the Discharge Date, only the latter should be
assigned.

Figure 2 in the Appendix A shows the annotation
of a corpus excerpt using the latest version of the
annotation scheme. The final version of the scheme
and the corresponding guidelines can be accessed
in the GitHub repository.

4 Final remarks

In this work, our main goal was to describe the
incremental process of developing and validating
an annotation scheme, along with its correspond-
ing guidelines, capable of integrating both linguis-
tic and medical domain information in an inter-
document annotation. The results of the annotation
and curation phases enabled improvements to both
the scheme and the guidelines through an itera-
tive refinement process. Developing an annotation
scheme requires ongoing efforts toward improve-
ment. With that in mind, we intend to further ex-
plore issues related to the identification of grammat-
ical features and to develop a question—answer sys-
tem that facilitates the selection of domain-specific
labels, even for annotators without prior knowledge
of the field.
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A Appendix

Table 5: Comparison of the analyzed annotation frame-
works

Feature Text2Story | i2b2 | Merlot
Medical domain coverage - + ++

Morphosyntactic and grammatical
domain coverage
Existence of the

TLINK
before_overlap

(captures temporal info “recently”)
Existence of the

TLINK identity +

(captures coreference of same event)

+++ + +
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Table 6: Distribution of annotation labels in the corpus

of the initial pilot.

Label Count
Specialized Events | 100
General Events 64
Times 22
TLinks 228

Table 7: Distribution of Specialized Event tags

Category Count
Personal History 3
Sign or Symptom 17
Examination 12
Examination Result 11
Principal Diagnosis 5
Treatment 19
Intercurrence 10
Characterization of the Disease 11
Treatment Response 10
Drug Administration Route 2
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Figure 2: Annotation of an excerpt from a medical re-

port using the latest version of the annotation scheme.
Events are marked in blue and temporal expressions in

yellow. The annotated excerpt illustrates the identifi-

cation of various attributes associated with both events

and temporal expressions, as well as the temporal rela-

tions between events and between events and temporal

expressions. "Registration date: 06/30/2021. The pa-

tient is a 35-year-old with no relevant medical history,
presenting with recent symptoms of asthenia, anorexia,

and night sweats".
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