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Abstract

Situation Entity (SE) segmentation identifies
clause-like discourse units focusing on verb
constellations. While SE segmentation has
been applied to contemporary English as a sub-
task of SE annotation, systematic guidelines
for syntactically ambiguous constructions re-
main underspecified. We present principled
SE segmentation guidelines for contemporary
and historical varieties of English and Ger-
man. Our inter-annotator agreement studies on
Late Modern English (1700-1900) and New
High German (1650-1900) corpora demon-
strate substantial agreement. Using the exist-
ing SitEnt corpus in contemporary English, we
implement a new automatic segmenter based
on XLM-RoBERTa. Our evaluation examines
cross-variety and cross-lingual generalization,
demonstrating challenges both for human an-
notation efforts and in transferring segmenters
trained on contemporary English to historical
varieties. Our code and data are publicly avail-
able.!

1 Introduction

Discourse segmentation, the task of identifying
meaningful units of text, is fundamental to com-
putational discourse analysis. One framework for
discourse analysis and segmentation are Smith’s
(2003) modes of discourse. These modes result
from specific situation entity (SE) patterns, and SE
segments are the focus of our annotation task. This
framework is of particular interest since it offers
a linguistically motivated approach of segmenting
texts which is grounded in aspectual properties of
clause-like elements. An example is visualized in
Figure 1. SE segmentation serves as a prerequisite
for two core downstream tasks: Firstly, it can be
used as a basis for discourse mode classification, a
valuable tool for the analysis of literary and histor-
ical corpora where shifts between, e.g., Narrative

1https://github.com/coling—unia/
sitent-segmenter-1aw2026

95

~
[ Sie sah  ihn nicht]

MREF

[u. sollte  ihn nicht sehen
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[ endeavouring |, to overflow all, ]
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[ was driven ,, back,]

Figure 1: Situation annotation of New High German
(top, Koralek (1889/1890)) and Late Modern English
(bottom, Salmon (1724)) text snippets showing one seg-
ment per line and the respective Main Verb and Main
Referent relations. Main Verbs can be connected to their
respective Main Referent across segment borders.

and Information mode reflect authorial style, genre
conventions, and rhetorical structure. Secondly, SE
segments correspond roughly to propositions and
therefore constitute a linguistically motivated unit
for information and event extraction in historical
texts.

Manual segmentation of text into clauses or
clause-like units is not a trivial task, and requires
the careful design of annotation guidelines. It has
been approached both from a syntactic perspec-
tive (Bies et al., 1995) and a discourse perspective
(Polanyi, 1995; Carlson et al., 2001; Polanyi et al.,
2004). Automatic clause segmentation is also non-
trivial (Tjong et al., 2001; Soricut and Marcu, 2003;
Tofiloski et al., 2009). As Carlson et al. (2001) put
it, “the boundary between discourse and syntax can
be very blurry.”

While SE annotation has been explored for con-
temporary German (Mavridou et al., 2015) and
applied to English (Friedrich et al., 2016), exist-
ing guidelines for segmentation (Friedrich et al.,
2015a, chapter 3) mainly specify how annotators
are supposed to handle differences vs. the EDU
segmentation produced by a legacy system (Soricut
and Marcu, 2003).
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In this work, we address these challenges by pro-
viding more systematic SE segmentation guidelines
for both contemporary and historical varieties of
English and German. We thereby close the gap left
by previously undocumented approaches and gener-
alize the idea to new language variants. We further
conduct a small TAA study on SE segmentation of
these varieties based on the Corpus of Late Mod-
ern English Historiography (CLMEH (Claridge,
2025)) and the GiesKaNe corpus (Justus-Liebig-
Universitdt GieB3en, 2022). Lastly, we fine-tune
XLM-RoBERTa models for automatic SE segmen-
tation and evaluate their cross-variety generaliza-
tion abilities. Our automatic segmenter achieves a
boundary F1 of 0.90 on contemporary English, and
human annotators maintain substantial agreement
across all four varieties (75-84% exact matches),
demonstrating that the guidelines can be adapted
to suit cross-lingual and historical settings.

2 Background

We provide an overview of SE types and discuss the
broader research area of discourse segmentation.

2.1 Linguistic Background

Discourse modes (Smith, 2003) refer to different
text types (Werlich, 1989; Biber, 1989; Adam,
2011), which are characterized by clusters of lin-
guistic features. In Smith’s Narrative and Report
modes, for example, the reader perceived the dis-
course to move on predominantly via temporal re-
lations. By contrast, progression is perceived as
spatial in Description mode, like traversing through
a scene. In Information and Argument mode, the
discourse advances by focusing on different refer-
ents that are part of the domain of the discourse.

Discourse modes are not only distinguished by
their type of progression: they also favor different
distributions of SE types. SE types capture the as-
pectual form of (roughly) clauses. We illustrate and
describe the inventory of SE types as proposed in
prior work (Friedrich and Palmer, 2014b; Friedrich
et al., 2016) in Table 1.

According to Smith (2003), SE types are as-
signed to verb constellations, i.e., a verb and its
“primary referent” in the context of its arguments
and modifiers. A crucial step in SE segmentation
hence lies in determining what counts as a main
verb. Friedrich et al. (2016) flesh out three features
that help to distinguish SE types for new annotators
or to obtain partial information if not all features
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SE type Example

Eventualities

STATE The colonel owns the farm.
EVENT John won the race.
REPORT “...”, said Obama.
General Statives

GENERIC SENT. The lion has a bushy tail.

GENERALIZING SENT. Mary often fed the cat last year.

Abstract Entities

FACT I know that she refused the offer.
PROPOSITION 1 believe that she refused the offer.
QUESTION Who wants to come?
IMPERATIVE Hand me the pen!

Table 1: SE type inventory (Smith, 2003; Friedrich et al.,
2016; Friedrich and Palmer, 2014b).

can be determined. First, annotators determine
whether the main referent, in English typically the
subject of the main verb, is generic (Krifka et al.,
1995) or whether it refers to a particular individual
(see also Nedoluzhko, 2013; Friedrich and Pinkal,
2015b; Friedrich et al., 2015b). Generic main ref-
erents identify GENERIC SENTENCEs. Second,
the lexical aspectual class (Moens and Steedman,
1988; Klavans and Chodorow, 1992; Friedrich and
Palmer, 2014a) plays a role, e.g., for distinguishing
EVENTSs from STATEs. Third, if the main verb is
habitual, i.e., if it indicates a situation that hap-
pens regularly, the SE must be either a GENERIC
or a GENERALIZING SENTENCE (Vendler, 1957,
Mathew and Katz, 2009; Friedrich and Pinkal,
2015a). The full correspondence between the
lower-level aspectual features and SE types are
provided in Appendix B.

Challenges regarding SE boundary identification
intensify when working with historical language
varieties. Late Modern English (LModE; approxi-
mately 1700-1900) and New High German (NHG;
approximately 1650—1900) exhibit syntactic fea-
tures that complicate SE boundary identification.
LModE employs participial absolutes, reduced rel-
ative clauses, and infinitival purpose constructions
with less explicit subordination marking than con-
temporary varieties. NHG shows a less restricted
word order, particularly in verb positioning, when
compared to present day German and makes use
of participial clauses and final clause constructions
with damit which introduce new boundary cases.



2.2 Existing Discourse Segmentation
Guidelines

The first step when parsing text into discourse struc-
tures consists in determining which linguistic units
correspond to semantic units in the discourse. Sev-
eral frameworks have proposed different solutions
to this problem. The Linguistic Discourse Model
(Polanyi, 1995; Polanyi et al., 2004) defines Ba-
sic Discourse Units (BDUs) as segments with the
potential to establish anchor points for future at-
tachment, identifying syntactic constructions able
to carry the necessary semantic information. In
practice, BDUs are often rather small units, e.g. in
the following case:
(1) [Germany elected Merz] [chancellor].
This is more fine-grained than SE annotation, since
chancellor does not constitute a separate situation.
The Penn Discourse Treebank (PDTB) (Milt-
sakaki et al., 2004), distinguishes inter-sentential
and intra-sentential discourse relations between
segments called argument spans. The latter relate
subordinating clauses, complement clauses, free
to-infinitives, and nominalizations as well (Webber
et al., 2019), as illustrated in examples (2)-(4).
(2) [Treasurys opened lower] argi, [reacting
negatively to news]arag2
(3)... [a number of project veterans were on
hand to watch the launch]argy [to watch the
launch] ARG1
(4)... many are hoping [for major new
liberalizations]argy if [he is returned firmly
to power.]ArG1
Rhetorical Structure Theory (RST, Mann et al.,
1992; Carlson et al., 2001), on the other hand, de-
fines Elementary Discourse Units (EDUs) essen-
tially as clauses. Their size is in principle arbitrary,
but the units should have independent functional
integrity (Mann and Thompson, 1988). Clausal sub-
jects, complements and restrictive relative clauses
are considered as parts of the clause headed by
their governing verb. Applying this intuition consis-
tently at scale requires extensive rule sets motivated
by the inventory of discourse relations. For more
extended examples of EDUs as well as a Figure
comparing the alternative segmentation approaches
discussed in this section with SE segmentation see
Appendix A.

2.3 Automatic Discourse Segmentation

The first steps in neural approaches to automatic
discourse segmentation were taken by Wang et al.
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(2018) in NeuralEDUSeg, applying a BiLSTM-CRF
architecture and addressing data sparsity through
pre-trained word embeddings plus a restricted self-
attention mechanism. In the context of EDU seg-
mentation, the DISRPT shared tasks have driven
further progress on neural approaches. The 2019
winning system, ToNy (Muller et al., 2019), com-
bined a BiLSTM-CRF with multilingual BERT-based
sequence prediction across 15 corpora spanning
RST, SDRT and PDTB, outperforming prior mod-
els on nearly all languages. Next, Gessler et al.
(2021) extended ToNy by incorporating token-
level handcrafted features such as POS tags and
dependency relations. More recent winning sys-
tems at DISRPT 2023 by (Braud et al., 2023) and
2025 by (Lalitha Devi et al., 2025) build on us-
ing XLM-RoBERTa (Conneau et al., 2020). Braud
et al. (2023) additionally experiment with freez-
ing specific layers to separate morpho-syntactic
from semantic encoding. As a contrast, using a
generative language model, Nayak (2024) showed
that zero-shot prompting of GPT-3.5 turbo is still
not competitive with smaller pretrained language
models explicitly trained for segmentation. Fren-
zel et al. (2026) provide the most recent overview
on the development from rule-based systems to
neural approaches, and similarly adopt fine-tuning
XLM-RoBERTa as the segmentation model in their
approach on German data.

Previous methods for automatic SE segmenta-
tion (Friedrich, 2017) add a postprocessing step
to SPADE to convert RST EDUs to SE segments.
The segmenter of the discourse parser SPADE (Sori-
cut and Marcu, 2003) is based on a probabilistic
model learned from the RST Discourse Treebank.
For all words in the vocabulary, the probability for
inserting a boundary after a word w is estimated
from the treebank and depends on a lexicalized ver-
sion of the corresponding sentence’s syntactic tree
(Magerman, 1995).

3 Segmentation Guidelines for Situation
Entities

Smith (2003) suggests that SEs are introduced by
the clauses of a text, while noun phrases introduce
individuals (e.g., people, places, objects or ideas)
and tense and time adverbs introduce times. She
does not further specify which linguistic construc-
tion she considers to be a clause. Following the idea
that discourse segmentation depends on linguistic
units to which the target categories can meaning-



fully be assigned, in this work, we define and oper-
ationalize a segmentation scheme for SE types for
English and German.

3.1 Situation Segments

We now describe which syntactic units can be as-
signed SE types in English, i.e., which construc-
tions we assume to function as verb constellations.

Finite clauses such as Example (5) are the most
clear-cut case. The finite verb is the SE’s main verb,
its grammatical subject is the main referent. Earlier
work on SEs (Friedrich et al., 2016) is based on
Stanford dependencies (de Marneffe and Manning,
2008), which mark participles as dependents of the
finite auxilaries or modal verbs. In the more recent
Universal Dependencies framework (de Marneffe
et al., 2021), auxiliaries are dependents of the par-
ticiples because those carry the semantic meaning
of the verbs. In both the earlier work and our recent
extensions, the main verbs are marked on the same
spans as the participle.

(5) John  _ built ahouse.

Whales .. are  huge.

When the finite verb is an auxiliary, the main
verb for the purpose of SE annotation is still the
meaning-carrying verb even if this is non-finite (see
Example (6)).

(6) He .. may join  us later.

This . won’t help .
The segmentation rule also applies to expletive sen-
tences where “it” functions as an empty subject.

(7) It is raining.

It turned dark.

While there is no clear main referent in these
cases, it is typically still possible to decide whether
a statement is made about a class or kind (generic)
or not, as in the segments listed in (7).

Relative clauses clearly introduce SEs.

(8) (a) [My brother;], [who lives in Chicago,],

[is visiting this weekend].
(b) [The book;] [that fell down,] [was
mineq ].

As illustrated in example (8), SE segments are
not necessarily contiguous spans of text, which
makes them stand out compared to the discourse
segmentation schemes discussed in Section 2.2.
For practical reasons, we split the complete text
into segments, but not each of the segments will ul-
timately be assigned SE features. The noun phrases
“My brother” and “The book™ will simply be la-
beled with NO-SE, however, they syntactically
function as the subject and as the main referent
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of the matrix clauses. Annotators are instructed
to consider the underlying syntactic dependencies
when deciding on SE labels. We opted for this ap-
proach due to its simplicity during annotation and
also to emphasize that SE types capture the form
of linguistic realizations rather than more abstract
semantic notions as, e.g., in Abstract or Unified
Meaning Representations (Banarescu et al., 2013;
Gysel et al., 2021).

Participles are not considered to evoke SEs if
their use is purely adjectival as in “The dancing
girl.” The reasoning behind this is that we aim for a
granularity that roughly corresponds to clauses. By
contrast, participle clauses are also considered to be
segments, e.g., if they function as reduced relative
clauses (9) or participle clauses indicating temporal
(10) or causal (11) relations. As a general rule, pre-
posed participles without modifiers or compliments
tend to be read as adjectival and therefore do not
constitute their own segment whereas postponed
participles are rarely read in purely adjectival man-
ner and therefore invoke a separate situation.

(9)(a) [The man] [talking to John] [is my

brother].
(b) [The book] [written by Orwell] [is fa-
mous].

(10) (a) [Walking home], [I met Sarah].
(b) [Having finished], [I got up].

(11) (a) [The bomb exploded], [destroying the
bridge].

(b) [Loving her], [he proposed].

Our decision to treat participle clauses but not
participles in adjectival use as SEs is rooted in the
idea that they are more similar to the other types of
clauses we define. We acknowledge, however, that
this is not a clear-cut case.

Gerunds that are used as nouns, e.g., “running’
or “walking” in the full segment (12) are, analo-
gously to the BDU approach, not considered to
invoke their own SEs. These gerunds clearly refer
to concepts instead of situations.

(12) Running burns more calories than walking.

Asher (1993) investigates how eventualities
(states and events) and abstract entities (proposi-
tions, properties, states of affairs and facts) are
referred to in natural language. He provides an
inventory of sentential nominals, i.e., syntactic
structures whose meanings are correlated with sen-
tences: derived nominals (13), gerund phrases (14),
that-clauses (15), for-infinitival phrases (16), naked
infinitive phrases (3a) and noun phrases involving
common nouns that may combine with that-clauses
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or gerund phrases (17).

(13)(a) The army’s destruction of the city
(b) Franklin’s favorite invention

(14) (a) The mayor’s throwing of the pizza
(b) John’s hitting Bill
(c) The gathering of the pecans

(15) that Sam greeted Susan

(16) (a) For Kim to win was unexpected.

(b) John wanted for Mary to be chair.
(17) (a) Mary’s doubt that John was unhappy
(b) The fact that John was unhappy

(c) The letter explaining the situation

Some of these constructions such as (13a) or (15)
clearly refer to events while others may also refer
to objects (13b). Of the above sentential nominals,
we mark only that-clauses as SE segments. We do
not treat the rest of the above sentential nominals
as invoking SEs, but simply as part of the larger
situation segment in which they are embedded. We
decided not to mark them because the boundary
between event-denoting constructions (13a) on the
one hand and phrases denoting concrete (13b) or
abstract objects (17) on the other hand is not clear;
additional annotation guidelines would be neces-
sary.

Conjunctions and conditionals. When a clause
starts with a conjunction or a subordination, the
conjunction or subordination is segmented into the
same span as the clause that they introduce.

(18)(a) [I hate] [and love him].
(b) [I believe] [that she called him].
(c) [Ileft] [after I had called him].
(d) [She left] [because I had called him].
(e) [Ilike to sit] [where the sun shines].
() [Ilike to run] [if the sun shines].

Please note that our general segmentation de-
pends on whether aspectual features can be as-
signed to the verb construction expressed by a span
of text. It does not matter which role the sub-clause
plays in the argument/modifier structure of the em-
bedding verb, e.g., in (18b), the embedded segment
is a complement clause, while (18c) and (18d) are
adjunct clauses.

To-infinitives are not considered to introduce
SE segments (Friedrich et al., 2015b). In English,
to-infinitives can fulfill different functions. In (19a)
and (19b), the to-infinitives are predicative nom-
inalizations and refer to abstract concepts. To-
infinitives can also indicate purpose (19c) or func-
tion as adjectival or other complements as in (19d)
and (19e). By definition, we assume these cases to
be predicative uses rather segments that introduce
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their own situation entities.

(19) (a) [To travel alone can be exciting.]
(b) [My dream is to study abroad.]
(c) [She went to the library to study.]
(d) [They are happy to be here.]
(e) [He grew up to become a teacher.]

The core idea here is that SEs annotate the aspec-
tual forms as chosen by the writer. While this does
require semantic interpretations, we aim not to re-
formulate too much, as this introduces too many
degrees of freedom.”

3.2 Extension to German

In historical language data, sentence boundaries
cannot always be identified based on punctuation,
as this differs significantly from that of modern
English and German. In the case of the GiesKaNe
corpus, this problem was already resolved during
corpus creation, and sentence-level annotation, in
accordance with the annotation guidelines, does
not take place at the orthographic level. Sentences
are thus determined grammatically, not by punctu-
ation (Agel and Henning, 2023). German syntax
from the 17th to the 19th century also poses particu-
lar challenges for SE segmentation. The following
subsections describe the resulting specific adjust-
ments to the annotation scheme with regard to two
selected phenomena. As work continues with addi-
tional data, further phenomena may be identified.
Participle clauses. In contemporary German,
as in NHG, participles can be used in attributive
function, in which case they are not classified as
segments. In contrast to contemporary German, it
is much more common in NHG to have particip-
ial clauses where the finite auxiliary is missing,
also known as "auxiliary ellipsis" (Breitbarth, 2005;
Thomas, 2018). This is actually a phenomenon of
Early NHG, but its residual effects are still relevant
for NHG data. Participial clauses without finite
auxiliaries can be classified as segments, as has al-
ready been argued for English. In many cases, the
heuristics from English do not work due to the less
restricted word order (Agel, 2015, 2000) and/or the
missing finite verb in NHG. Even if parts of sen-
tences are recognizable as reduced relative clauses
(20a) or as clauses with auxiliary ellipsis (20b),
only in some cases does the corresponding word
order allow for segmentation in the NHG data.

%A special case where we allow minor hypothetic refor-
mulations are participle clauses, e.g. Sitting on the bench, 1
looked at the beach. — While I was sitting on the bench, 1
looked at the beach.



(20) (a) [So sieht man denn selbst so genan-
nte Gebildete, — subjektiv stumpf, objektiv
peinigend — ... die lieblichsten, [durch die
Natur vorgebildeten,] [durch die Kochkunst
veredelten Produkte] naturalistisch und roh
sich aneignen].? (Anthus, 1838)

(b) [Er erschiene unsidumig;] [und als Sie
sich mit ihm an ein Fenster gesteuret] / [fragte
Sie]* (Birken, 1652)

Final clause construction. To mark final clause
constructions in German, we follow Mavridou et al.
(2015). German provides the construction of final
clauses with “damit” or “so ... dass” (“such/so
that”), indicating a purpose or goal (21a) or an
actual event (21b).

(21)(a) [Erinnere mich nochmal,] [damit ich

piinktlich komme.]’
(b) [Da stopft Einer gedankenlos ... so viel
Brod in den Mund,] [daB} er unméglich den
spezifischen Geschmack irgend einer Speise
perzipiren kann.]® (Anthus, 1838)

As the subordinated clauses are final, we treat
them as separate segments containing the conjunc-
tions introducing the clause.

3.3 Extension to LModE

In addition to covering peculiarities of German
with regards to segmentation we further provide
a brief description of a special case arising when
annotating LModE.

Absolute constructions. One significant differ-
ence between LModE and Present Day English is
the higher frequency of use of the absolute con-
struction (Van De Pol and Petré, 2015), a common
boundary case. Example (22) begins with such a
construction.

(22) [The Parliament being met on the 23d Oc-
tober,] [his Majesty refer’d them to what he
had said to both Houses four Days before.]
(Boyer, 1702)

These constructions present their own SEs with-
out finite verb morphology or subordinating con-
junctions. Their syntactic independence suggests

3English: [Thus one sees even so-called educated people ,
— subjectively dull, objectively tormenting — ... appropriate
the loveliest products, [pre-formed by nature,] [refined by the
culinary arts ] naturalistically and crudely.] Note that in the
original, the descriptions of the products are preposed.

*English: [He appeared without delay;] [and when steered
herself with him to a window] / [she asked]

3 English: [Remind me again] [so that I arrive on time.]

®English: [There someone thoughtlessly stuffs so much
bread into their mouth with every bite] [that they cannot possi-
bly perceive the specific taste of any dish.]

separate segmentation, yet they can function as ad-
verbial modifiers of the main clause. The lack of
explicit conjunctions makes their relationship to the
main clause SE less transparent than in equivalent
finite subordinate clauses (When the parliament
had met...). These purpose constructions occupy
an intermediate position between arguments and
adjuncts. They describe potential or foundational
situations rather than actualized events, yet lack
the full clausal structure of that-complements or
so that result clauses. Despite this and due to their
syntactic independence they are marked as separate
segments in this project.

4 Annotation Study

In order to to extract relevant underspecified edge
cases, and to evaluate IAA as well as model per-
formance, we conducted a human annotation study
spanning four language varieties, contemporary
and historical English and German, using excerpts
from written corpora.

4.1 Data Sources

Four datasets are used for this annotation study,
corpus statistics including the number of annotated
tokens per variety can be found in Table 2.

The Corpus of English Historiography (CLMEH
(Claridge, 2025)) is used as the basis for segmenta-
tion of historical English text. For the manual an-
notation, two snippets from two different LModE
authors, Abel Boyer and Thomas Salmon, were
annotated. These texts were chosen since they are
among the earliest texts in the corpus (published in
1702 and 1736 respectively), and therefore serve as
a stress-test of the annotation guidelines.

The NHG data is a subset of the GiesKaNe Kor-
pus (Justus-Liebig-Universitit Gieen, 2022), sim-
ilarly consisting of early texts by Johann Joachim
Becher (1668) and Antonius Anthus (1838).

For modern German we use snippets from Ger-
man Wikipedia articles as well as four blog articles
downloaded from publicly available and CC-BY-
SA-licensed blogs as listed in DWDS (Barbaresi
and Wiirzner, 2014).

Lastly, to estimate human agreement for con-
temporary English, we also annotate present-day
English based on a subset of four files from the the
MASC+wiki dataset used in Friedrich (2017), one
travel blog, a news story, an email, and an English
Wikipedia page. Appendix C contains information
on the text sources including author names where
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available, as well as the year of publication for each
manually annotated document, Table 2 contains the
token counts per variety.

Language # # Avg. Max.
Variety Tokens Segs Tok/Seg Tok/Seg
Current E 3937 482 10.3 42
LModE 6,797 614 13.6 56
Current G 4751 444 12.6 64
NHG 5,666 617 11.4 67

Table 2: Volume of annotated data per language variety.

4.2 Inter-Annotator Agreement

We collect two independent human segmentation
annotations per language variety, which we call A
and B”. The human segmentation was performed
by five native German speakers as annotators, three
authors of this paper and two paid student annota-
tors. All annotators underwent several weeks of
specific and language-/variety-dependent segmen-
tation training. We evaluate annotation reliability
using exact span match agreement, computed as the
proportion of segments in a reference annotation
that are recovered with identical span boundaries
in the comparison annotation. Annotators were
trained jointly but annotated independently. Re-
sults can be found in Table 3.

Agreement is computed over span boundaries de-
rived from pre-tokenized BI representations using
the same tokenizer as for model training (see Sec-
tion 5). As the task is unitizing (segmentation with-
out labels) over continuous text, standard chance-
corrected measures such as Krippendorff’s oy are
not applicable (Artstein and Poesio, 2008). The
left column of Table 3 provides annotation statis-
tics and agreement scores across all four varieties.
Overall average agreement reaches 79.1%, with all
varieties falling within a narrow 5-point range, sup-
porting the general robustness and cross-linguistic
transferability of the guidelines. Contemporary En-
glish and Contemporary German show the largest
exact span match percentages — on average 81.4%
and 80.2% respectively. As expected, agreement
for historical variants is harder to achieve and sits
at 76.86% on average for NHG and 77.98% for
LModE.

To gain a better understanding of the root causes
of all disagreements, they were explored by one of

"Please note that the A and B labels do not always refer to
the same human annotators

the authors and manually assigned a disagreement
group and label.

A closer look at the inter-annotator disagree-
ment (see Figure 3 in Appendix C for an exact
breakdown disagreements) reveals that inconsisten-
cies concentrate in syntactic and discourse-related
phenomena. Across all four conditions, clause
missed — scenarios where a clause containing a
valid meaning-carrying verb was disregarded —
constitutes the single most frequent source of dis-
agreement. As explored above, the NHG condi-
tion narrowly shows the largest overall disagree-
ment counts, with particularly high occurrences of
clause missed disagreements and its sub-category
of missed relative clauses. We attribute this to phe-
nomena such as frequent (auxiliary) ellipses, long
sentences containing multiple clause chains that
are unusual to the modern annotator, and multi-
ple valid boundary placement options due to a less
restricted word order.® Current German disagree-
ments cluster around inlay and arbitrary boundary
placement since word order is less restricted lead-
ing to multiple valid splitting points within long
sentences. Current English exhibits elevated dis-
agreement for verbless and participle constructions
alongside arbitrary boundary decisions, pointing to
uncertainty in identifying implicit or non-canonical
clause structures. LModE shows a similar profile,
with persistent disagreement in clause missed and
verbless constructions, as well as the discourse-
adjacent category of absolute constructions’®. Or-
thographic disagreements remain rare across all
datasets. These findings suggest that disagreement
primarily arises from complex syntactic boundary
decisions and discourse-level interpretation, and
is amplified in historical data where structurally
ambiguous constructions are more frequent.

8See this excerpt from Anthus as an Example: Wie aber
die Gelehrten noch dar iiber schwitzen , zu bestimmen , wo
die Pflanze zu m Thier wird , wo die Grenzen des Pflanzen-
und Thierreiches fest zu stecken seien , eben so schwierig ist
es , zu bestimmen , welcher unteren Thierreihe man zuerst
die Fdhigkeit eines eigentlichen Essens zu zu gestehen hat.
English: But as the scholars still sweat over how to determine,
where the plant becomes the animal, where the borders of the
plant and animal kingdoms are to be placed, as hard is it, to
determine, to whom amongst the order of animals one should
first grant the property of a true food.

?See this excerpt from Boyer (LModE) as an example: On
the 29th of October 1689, came on the usual Solemnity of the
Lord Mayor of London, and Sir Thomas Pilkinton being con-
tinued for the Year 1690, and the King and Queen, the Prince
and Princess of Denmark, and both Houses of Parliament,
having been pleas’d to accept his Invitation to his Dinner,
their Majesties attended by their Royal Highnesses, [...].
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Inter-annotator agreement (exact match)

Model performance (exact match)

Variety Ann. Bvs. A Ann. A vs. B Model vs. Ann. A Model vs. Ann. B
Contemporary G 76.48+14.25 83.92+11.83 69.32+12.22 64.20+ 6.73
NHG 78.36+ 0.75 75.36+11.56 42.68+30.51 48.87+38.06
Contemporary E* 80.62+16.69 82.15+12.25 77.06+ 8.58 86.91+ 9.36
LModE 79.34+ 1.04 76.62+ 4.88 64.28+ 3.21 67.50+ 2.90

Table 3: Inter-annotator exact span match (%) per variety. Agreement is reported once with annotator A treated
as the reference (gold) annotation and once with annotator B treated as reference,i.e., the first column shows how
many of A’s annotations were exactly matched by B and the second column vice versa. Model performance as
exact span match (%) versus human annotator A and B. *As the model’s training set contains the test documents for
Contemporary English, we trained a separate model for this setting without these test documents in the training data.

5 Automatic Segmentation Model

We implement a new SE segmentation model
that does not rely on legacy systems, using about
40,000 labelled English SE segments provided by
Friedrich et al. (2016).'° The training data includes
texts from a variety of genres taken from the Man-
ually Annotated Subcorpus of the OANC (MASC)
(Ide et al., 2008) and Wikipedia. The original rule-
based segmentation model was based on a legacy
system (Soricut and Marcu, 2003) which itself had
been trained on only just over 7,000 sentences.
While we do not yet have sufficient training data
for German and historic English variants, we ap-
ply our model to these variants in a zero-shot way,
achieving promising results.

5.1 Modeling

XLM-RoBERTa (Conneau et al., 2020) has proven
itself a robust baseline for EDU segmentation not
only for English (Braud et al., 2023; Lalitha Devi
et al., 2025), but also for German data (Fren-
zel et al., 2026). Thus, we similarly treat seg-
mentation as a sequence tagging task and fine-
tune XLM-RoBERTa (Conneau et al., 2020), a mul-
tilingual transformer-based encoder model pro-
ducing contextualized token representations. We
preserve the predefined train-test splits on docu-
ment level and sample a development set from
the training split across documents, resulting in
a final train/dev/test ratio of 0.68/0.10/0.22. First,
we segment each document into sentences using
spaCy’s (Explosion Al, 2025) en_core_web_sm
pipeline and treat each sentence as an independent
input. ! To mark segment boundaries, we use

Ohttps://github.com/annefried/sitent

""This modular design ensures that, in future work, we can
train sentence segmenters using any sentence-segmented la-
beled data, which is important particularly for the historical
language variants, where training data is limited and conven-
tional tokenization may fail, allowing to fine-tune segmenters

Metric Avg. SD
BF1 90.5 0.1
B Precision 904 0.7
B Recall 90.6 0.8

Exact Match 74.3 0.3
WindowDiff 77 0.1

Table 4: Situation segmentation performance (detect-
ing start boundary tokens) on the SitEnt test set using
XLM-RoBERTa-large, averaged over 5 random seeds.
This test dataset had been single-annotated by Friedrich
et al. (2016); the type of data is most similar to Contem-
porary E, where human agreement reached up to 82.15
% exact match.

a BI sequence tagging scheme. Following com-
mon practice, we backpropagate the loss for each
first SentencePiece (Kudo and Richardson, 2018)
token corresponding to a spaCy token. We fine-
tune XLM-RoBERTa-1arge with a linear classifica-
tion head and a Conditional Random Field (CRF)
(Lafferty et al., 2001) decoding layer.

5.2 Evaluation Metrics

Next to precision, recall and F1 score, we also
report exact matches and WindowDiff (Pevzner
and Hearst, 2002) using the NLTK implementation
(Bird and Loper, 2004). WindowDiff evaluates seg-
mentation quality by sliding a fixed-size window
over both the reference and predicted boundary se-
quences and comparing the number of boundaries
within each window. Instead of requiring exact
boundary matches, it penalizes differences in local
boundary counts. See Appendix D for details on
hyperparameters and training procedure.

5.3 Experimental Results

Results for XLM-RoBERTa-1arge on the SitEnt test
set are reported in Table 4. The averaged re-
sults over five random seed runs show a well-

on smaller, sentence-aligned datasets.
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balanced trade-off between precision and recall,
with a slight tendency of the model to overpre-
dict segments. While Exact Match is consider-
ably lower than the boundary detection scores, the
low WindowDiff suggests that most errors stem
from minor boundary misalignments (e.g., slightly
shifted EDU boundaries or punctuation handling),
rather than complete segmentation failures.

In the next step, we apply our best performing
model on boundary F1 across the hyperparameter
grid to annotate the datasets described in Section 4.
Table 3 reports exact matches between the model
output and each of the two independent human
annotations per language variety. Exact match is
again calculated as in the IAA evaluation above.
For each document, the model annotation is com-
pared independently against each of the two human
annotations, yielding two exact match scores per
document.

5.4 Discussion of Computational Experiments

The results in Table 3 reflect the expected degrada-
tion in model performance the more the language
variety diverges from the model’s training domain
of contemporary English. On Contemporary E, the
model reaches mean exact match scores of 77.06%
(vs. Ann. A) and 86.91% (vs. Ann. B), approaching
human agreement levels IAA = 81.39%), proving
that the model captures segmentation patterns in
in-domain data reasonably well. It is much closer
to Ann. B who has been part of the training data
annotation. Applying the model cross-lingually
to Contemporary G reveals a substantial drop to
69.32/64.20%, despite human IAA remaining sta-
ble at 83.92%.

While human annotators remain highly consis-
tent in German, the model fails to fully transfer its
segmentation knowledge across languages. For the
historical varieties a similar pattern of degradation
becomes apparent. For LModE, the model achieves
64.28%/67.50%, compared to a human IAA of
79.34%/76.62%, reflecting a certain difficulty with
historical English. A low cross-document variabil-
ity (SD = 3.21/2.90) suggests that this difficulty
is consistent across texts. Contemporary G and
LModE show highly similar model performance
ranges, suggesting that cross-lingual variation in
contemporary German and diachronic variation in
Late Modern English impose a comparable level of
difficulty for the model. NHG represents the most
challenging setting for the model, combining cross-
lingual and temporal domain shift, leading to the

lowest exact match at 42.68/48.87%, against a hu-
man IAA of 78.36%/75.36. A high cross-document
variability (SD = 30.51/38.06) indicates a substan-
tial variation across the annotation of the two eval-
uated texts. While human annotators remain rela-
tively consistent, the model fails to recover more
than half of the same boundaries under this com-
bined condition.

6 Conclusion

We have presented principled SE segmentation
guidelines for contemporary and historical vari-
eties of English and German, filling a gap left
by prior work which relied largely on implicit or
underspecified segmentation criteria. Our inter-
annotator agreement study demonstrates substan-
tial and consistent human agreement across all lan-
guage varieties, with average exact match scores
ranging between 76.86% and 81.4%. This confirms
that the guidelines are, in principle, learnable and
robust even for syntactically challenging histori-
cal texts. Our new XLM-RoBERTa-based segmenter
achieves a boundary F1 of 90.5 on contemporary
English, matching human agreement on its training
domain. However, model performance drops sub-
stantially under cross-lingual and temporal domain
shift, most severely for historical German, where
exact match falls to 45.78%. Although the seg-
mentation task itself is consistent across varieties,
the bottleneck lies in the availability of in-domain
training data. We release our guidelines, annotated
data, and model code to support future work on
multilingual and diachronic discourse analysis.
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A Discourse Segmentation Guidelines in
Related Work

This section takes a closer look at related work
on discourse segmentation including more exten-
sive examples. In the Linguistic Discourse Model
(LDM; Polanyi (1995)), the atomic units of dis-
course are called Basic Discourse Units (BDUs);
they are segments that have the potential to estab-
lish an anchor point for future attachment of other
segments. Polanyi et al. (2004) start by defining
the semantic basis for functioning as a segment
and then identify syntactic constructions that are
able to carry the semantic information needed for
discourse segment status. They observe that in
written text, often a subsequent but not necessar-
ily adjacent segment continues the development
of material introduced in a sub-sentential, often
subordinate, clause. Example (23) shows an LDM
annotation which treats the post-modifier “bray-
ing” next door as a separate segment, as it can be
interpreted as “who was braying next door.”
(23) [The donkey [braying next door] was loud.]

Nominal gerunds “Singing” and nominalizations
“rationalization” are not always considered BDU
segments. However, Polanyi et al. consider the
nominal “the destruction of the old town hall” to be
a BDU. To the best of our knowledge, no guidelines
exist for distinguishing these cases.

Rhetorical Structure Theory (RST; Mann et al.
(1992), presents another approach to discourse seg-
mentation. Here, the segments are called Elemen-
tary Discourse Units (EDUs). EDUs are defined
essentially as clauses, but clausal subjects, comple-
ments and restrictive relative clauses are considered
as parts of the clause headed by their governing
verb. When building the RST Discourse Treebank,
Carlson et al. (2001) note that applying this intu-
itive notion is difficult when aiming for a large and
consistently annotated corpus. They develop an
extensive set of rules for identifying EDUs based
on syntactic constituents with the aim of obtain-
ing a balance between tagging granularity and the
ability to identify units consistently (Carlson and
Marcu, 2001). The rules are motivated by RST’s

inventory of discourse relations (schemas). For ex-
ample, while infinitival constructions are generally
not considered to constitute their own EDU, they
are if they introduce a purpose clause as in (24)
because the infinitival clause corresponds to the
satellite of a Purpose relation here. Prepositional
phrases with clausal objects (25) are EDUs, while
other non-finite clausal objects are not.

(24) [... officials at Southern Co. conspired to
cover up their accounting for spare parts] [to
evade federal income taxes.]

(25) [Canadian Utilities isn’t alone] [in exploring
power generation opportunities in Britain.]

For ease of comparison, we provide an overview
of the differences between SE segmentation and
other discourse segmentation schemes in Figure
2. A core difference is that SE segmentation is
motivated by the ability of assigning aspectual fea-
tures, i.e., situation entity types (Smith, 2003), to
a segment, while RST, LDM, and PDTB are more
concerned with whether and what discourse rela-
tions can be identified between segments. Segmen-
tation in the PDTB can be either finer-grained or
coarser-grained than SE segmentation; LDM and
RST apply either the same or a more fine-grained
segmentation as illustrated in Figure 2. Connec-
tives typically constitute a separate data type and
are not included in the arguments, while SE seg-
mentation performs an exhaustive text segmenta-
tion, simply grouping them with the clause they
introduce.

B Background on Linguistic Framework
and Annotation Guidelines

Table 5 shows the full inventory of SE types in-
cluding their description. SE annotation into these
classes is a downstream task building on SE seg-
menation. In a similar vein, Table 6 defines the
relationship between the main verb’s and the main
referent’s aspectual features and the SE type of the
entire segment.

C Manually Annotated Data

Table 7 shows the data source for each manually
annotated file as well as its publication year. Token
counts are available in Table 2. Figure 3 shows the
inter-annotator disagreement analysis across anno-
tation conditions and linguistic categories. Darker
cells indicate higher disagreement frequencies.
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SE type Description Example

Eventualities

STATE introduce properties The colonel owns the farm.
EVENT happenings John won the race.
REPORT for attribution “...7, said Obama.
General Statives

GENERIC SENTENCE generalizations over kinds The lion has a bushy tail.

GENERALIZING SENTENCE

habituals; generalizations over situations

Mary often fed the cat last year.

Abstract Entities

FacT clausal complements of verbs of knowledge I know that she refused the offer.
Proposition clausal complements of verbs of belief I believe that she refused the offer.
QUESTION Who wants to come?
IMPERATIVE Hand me the pen!

Table 5: Inventory of SE types, as adapted from Smith (2003) in previous work (Friedrich et al., 2016; Friedrich and

Palmer, 2014b).

SE type main referent | aspectual class | habituality
EVENT non-generic dynamic episodic
generic

STATE non-generic stative static

GENERIC SENTENCE generic dynamic habitual
stative static, habitual

GENERALIZING SENTENCE | non-generic dynamic habitual
stative

Table 6: SE types and their corresponding features, adapted from Friedrich (2017).

Variety Text Source Year
Email MASC 1993

Contemp. E* News WSJ0135 MASC >1990
p- Travelblog Dublin MASC <2008

Trees Wikipedia <2016

LModE Historiography - Boyer CLMEH 1702
Historiography - Salmon CLMEH 1736

bitblokes Blog 2023

phantanews Blog 2026

iphoneblog Blog 2025

Contemp. G i raturblog Blog 2017
Literatur Wikipedia 2026

Wald Wikipedia 2026

NHG Lecture - Anthus GiesKaNe 1838
Academic - Becher GiesKaNe 1668

Table 7: Text sources used in the annotation study.
*Contemporary E texts are excluded from model train-
ing.

D Computational Modeling

Training is performed using the AdamW optimizer
(Loshchilov and Hutter, 2019) with default hyper-
parameters 31 = 0.9, By = 0.999, ¢ = 1 x 1078,
a batch size of 64, a maximum of 20 epochs, and
early stopping after three non-improving epochs
based on the boundary (B) tag’s F1 score. A small

grid search is conducted over five random seeds,
learning rates (4e—5, Se—5), and weight decay val-
ues (0.001, 0.005) to select the best model. We
use linear learning rate decay with a 10% warmup
phase, gradient clipping with a maximum norm
of 1.0, and BF16 mixed precision training on four
NVIDIA H100 GPUs. The best individual run
reached an F1 of 90.65, converging after 8 epochs
with a learning rate of 4 x 10~ and weight decay
0.005, random seed 100.

WindowDiff We calculate the WindowDiff
(Pevzner and Hearst, 2002) using the NLTK im-
plementation (Bird and Loper, 2004) as follows:
Given a sentence of length N with reference bound-
aries r; and predicted boundaries h; (where r; = 1
if token ¢ starts a new segment, 0 otherwise), we:

1. Set the window size to

oo 3]

where B is the total number of reference
boundaries in the sentence.

2. Slide a window of size k across the sentence,
comparing the boundary count in each win-
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PDTB vs. SE:

PDTB vs. SE:

... | and many are hoping [ for major new liberalizations |srg2|se

[ if [ he is returned firmly to power. |arG1]se

[ [ Here in this new center for Japanese assembly plants just across the border from
San Diego, sk | turnover is dizzying, infrastructure shoddy, bureaucracy intense. |sg |
Even after-hours drag;|si | “karaoke” bars, |spT [ where Japanese revelers sing over
recorded music,|sg [ are prohibited by Mexico’s powerful musicians union. [sg Jarg2
[ Still, [ 20 Japanese companies, |sg: [ including giants such as Sanyo Industries Corp.,
Matsushita Electronics Components Corp. and Sony Corp. |sg

[ have set up shop in the state of Northern Baja California. |sg |arGi

vs. SE:
vs. SE:

[ [ California elected Schwarzenegger
[ | The donkey |sg+ | | braying next door |sg

governor .| se
[ was annoying. |sg

RST vs. SE:

[ [ The company announced |sg]gpuy [ [ that it will shut down its plant |sg]gpy [ [ and

dismiss several hundred employees. |se]epu

RST vs. SE:
employees. sk |epu

[ [ The company plans to shut down its plant |sg [ and dismiss several hunded

Figure 2: Comparison of SE segmentation to RST, LDM, and PDTB. { are examples of segments that are not
complete SEs on their own, but they also do not belong to the following situation (unless by coreference relations).
As illustrated in Figure 1, they can still contain main referents of other segments and hence be part of another

segment as defined by syntactic dependency structure.

dow:
1 N—k i+k—1 i+k—1
WD=——> 1 Z rj # Z h;
=1 Jj=t j=t

The score ranges from 0 (perfect match) to 1
(complete mismatch). Unlike exact match, Win-
dowDiff tolerates small boundary shifts: if a bound-
ary is off by one or two positions, only the windows
containing that region are penalized, not the entire
sentence.

We compute WindowDiff per sentence and aver-
age across all sentences with N > 2k + 1, where
M is the number of such sentences:

1 M
WDfinat = 77 WD,

s=1

E Additional Annotation Peculiarities
and Annotation Examples

E.1 Late Modern English

Relative clauses Segmentation decisions are af-
fected by variation in relative clause formation that
can be observed in Late Modern English. The use
of which for human antecedents is declining in this
period and zero relatives are used more commonly
in their place (Denison, 1999), which creates am-
biguity in identifying clause boundaries. Exam-
ples (26a) and (26b), taken from Stubbs (1891),

illustrate this variation. Example (26b) shows the
special case of reduced relative clauses in the past
tense as discussed in the general guidelines for En-
glish.

(26) (a) [The Saxons, Angles, and Jutes,][ al-
though speaking the same language,][ wor-
shipping the same gods][ and using the same
laws,][ had no political unity like the Franks
of Clovis;]

(b) [the Saxons in Germany were still
a pure nationality,][unconquered by the
Franks,][untainted by Roman manners,][ and
still heathen.]
Since the Late Modern English period covers an on-
going usage change with regards to relative clauses
and their positions, the guideline for using pre-
position or post-position to approximate adjectival
use cannot be relied upon. Segmentation, instead,
is based on the annotators perception given the
larger semantic embedding.

E.2 Late Modern English

Figure 4 reveals how he model treats an entire sen-
tence as a single segment, failing to introduce a
boundary at the transition to the main clause. This
error highlights a limitation of the model in han-
dling subordination structures, particularly in his-
torical German, where clause boundaries may be
less clearly signaled by punctuation or conjunc-
tions. Whilst humans reliably segment along clause
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Figure 3: Inter-annotator disagreement analysis across annotation conditions and linguistic categories. Darker cells
indicate higher disagreement frequencies.

boundaries, the model under-segments here. Fig-
ure 5 shows one further NHG example that illus-
trates a genuinely non-trivial case due to ellipses
and multiple coordinated and subordinated struc-
tures where inter annotator differences can be seen
as valid alternative annotations.

E.3 Contemporary German

Figure 6 illustrates a case of annotator segmenta-
tion disagreement involving the German coordinat-
ing conjunction “und.” Annotator 1 and the model
introduce a boundary at the conjunction, treating
the coordinated clauses as separate SEs, whereas
Annotator 2 merges the coordinated clauses into
a single segment. The example highlights a lin-
guistically motivated source of variability in SE
annotation: coordinated clauses can plausibly be
interpreted either as independent segments or as a
unified discourse unit.
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Token DaB3 bei den Pflanzen von keinem eigentlichen Essen
English That in the plants of no actual food
Model B I I I I I I I
Annotator 1 B I I I I I I I
Annotator 2 B 1 I I I I I I
Token die Rede sein kann , wird sich aus
English the talk be can , will itself from
Model I I I I I I I I
Annotator 1 I I I | I B 1 I
Annotator 2 I I I I I B I I

Token dem Begriffe des Essens spiter ergeben

English the concept of eating later result

Model I I I I I I I

Annotator 1 1 1 1 1 1 I 1

Annotator 2 I I I I I I I

Figure 4: Example of segmentation disagreement on a subordinated clause. The model treats the entire sentence as
a single segment, while human annotators introduce a segment boundary at the main clause (“wird”).

Token [...] sehen wir auf jener ersten Stufe Wesen , welche , mit
English , we see on that first level beings R which R with
Model I 1 I I | I I I 1 B 1 I
Annotator 1 I 1 I I I | I I I B 1 I
Annotator 2 I 1 1 I I I 1 I 1 B 1 I
Token Ausnahme Salzes und Wassers s weder eBbar sind noch essen ;
English exception salt and water s neither edible are nor eat ;
Model 1 I 1 1 1 I 1 1 1 1 I
Annotator 1 I 1 I 1 I I 1 I 1 I I
Annotator 2 1 1 1 1 1 | 1 1 1 1 |
Token auf der zweiten eBbare s aber nicht essende Wesen auf der
English on the second edible , but not eating beings ; on the
Model I I I I I I I | I I I I
Annotator 1 B 1 1 1 1 1 1 1 1 1 1 1
Annotator 2 1 1 I 1 1 1 1 1 1 1 I 1
Token dritten Stufe endlich Wesen R welche essen und gegessen werden
English third level finally beings , which eat and are eaten become
Model I I 1 1 I I 1 1 I 1 1
Annotator 1 | | 1 I I B 1 B I 1 I
Annotator 2 I 1 1 | 1 1 1 1 1 1 |

Figure 5: Example of segmentation disagreement in a complex sentence with multiple coordinated and subordinated

structures.
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Token Die App unterstiitzt natiirliche Spracheingabe
English The App SUpports natural speech recognition
Model B I I I I
Annotator 1 B I 1 I I
Annotator 2 B I I I I

Token und bietet intelligente Vorschlige

English and offers intelligent suggestions

Model B | I

Annotator 1 B I I

Annotator 2 I I I

Figure 6: Example of segmentation disagreement on a coordinated clause. Annotator 1 and the model introduce a
new segment boundary at “und”, while Annotator 2 treats the entire sentence as a single segment.
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