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Abstract: Literary texts offer a wealth of unstructured data that can be harnessed for data-driven text
analysis through Natural Language Processing (NLP). Named Entity Recognition and Classification
(NER) is a crucial initial step in this process, enabling the automatic identification of entities such as
persons, organizations, locations, and dates. However, NER faces significant challenges, particularly
with historical texts in low-resource languages like Latin and Ancient Greek, due to limited annotated
corpora and the dynamic nature of language. This paper explores the evolution of NER from simple
extraction to semantics-aware entity disambiguation and linking, highlighting the importance of multi-
layer annotation systems to enhance data quality and model accuracy. The interdisciplinary Daidalos
project aims to bridge the gap between Digital Humanities and Classical Studies by providing an NLP
infrastructure that supports various data-driven research methods, among others NER. One of the pro-
ject’s case studies demonstrates the potential of NER in Classical literary studies; this is accompanied
by proposals on other NER related literary research questions, e.g. on authorship attribution and ste-
reotyping. Additionally, the paper offers some thoughts about teaching NER, presenting a framework
to assess the required level of digital literacies when working on a specific research question. Finally, it
discusses the implications of generative Al and Large Language Models (LLM) on NER and NLP in
Classics, emphasizing the challenges for independent research posed by the high costs and limited
transparency of LLMs.

Introduction!

Literary texts provide a lot of unstructured data that needs to be extracted and structured, so that a
computer can support a data-driven text analysis (Natural Language Processing, NLP). Therefore,
automatic taggers search, retrieve and explore the information in a given text corpus and annotate the
text accordingly. One of the first and most crucial processing steps in doing so is the extraction tech-
nique Named Entity (NE)* Recognition and Classification (NER for short). This method enables the
automatic identification of entities in texts, entities being for the most part categorised as follows: per-
son, organisation, location and date. This is an essential part of question answering, media monitoring,
and opinion mining, however it also helps with machine translation, text summarisation, and text clas-
sification.’ It might additionally be useful for subsequent Information Extraction (IE) tasks like Rela-

1 Acknowledgements: This work is part of a project funded by the German Research Foundation (project no. 518919950)
and led by Andrea Beyer, Malte Dreyer, and Anke Liideling.

2 Ehrmann et al. (2021), 5: “[...] named entities correspond to different types of lexical units, mostly proper names and
definite descriptions, which, in a given discourse and application context, autonomously refer to a predefined set of entit-
ies of interest. There is no strict definition of named entities, but only a set of linguistic and application-related criteria
which, eventually, compose a heterogeneous set of units.” For further discussion see Ehrmann (2008).

3 Ehrmann et al. (2021), 2.
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tion Extraction and Entity Linking* as well as for Topic Classification, Event Timelines, Network Ana-
lysis and various other analysis techniques.” Thus, NER has also undergone an evolution by shifting its
focus from the mere extraction of information, i.e. the detection and classification of NE, to a more se-
mantics-aware viewpoint, i.e. entity disambiguation and linking, “which can support the cross-linking

of multilingual and heterogeneous collections based on authority files and knowledge bases”.°

Essentially, NER is a sequence-labelling task that is enriched with features at three levels: the morpho-
logical level (words, e.g. Roma, Zeus, Galli), contextual level (close context or sentences, e.g. C.
lulius Caesar, consulibus M. Tullio Cicerone et C. Antonio Hybrida), and text level (document, e.g. C.
Plinius Traiano Imperatori). Developed NER Systems are evaluated in terms of Precision (P), Recall
(R) and F-measure (F-score, the harmonic mean of P and R) as well as more fine-grained evaluation
metrics.” Additionally, the accuracy of NER results is dependent on which resource methods have been
used, as well as the inherent challenges that certain research areas may pose, such in the case of Latin
and Ancient Greek; here, difficulties may emerge due to the significant changes in the use of these lan-
guages over time, as well as the long transmission history of Latin and Ancient Greek texts.

Resource Types

In order to develop NER systems four types of resources exist:®

* Typologies: Typologies define a semantic framework for the entities under consideration.
They constitute the source of annotation guidelines.

* Lexicons and knowledge bases: On the one hand, information about NE can be of lexical
nature given verbatim in a textual unit. By using look-up procedures in lexicons, the NE
might be extracted. On the other hand, information about NE can be encyclopaedic in nature,
i.e. non-linguistic information on referred entities. For extracting this kind of information,
knowledge bases like Wikipedia or Wikidata are widely used.

*  Word embeddings and language models: Word embeddings are dense, low-dimensional vec-
tors that are acquired from the distribution of words in continuous texts and represent the
meaning of words. Their ability to be obtained self-supervised, i.e. from unlabelled data, is a
major benefit that makes the shift from feature engineering to feature learning possible.

* Corpora: These can consist of labelled and/or unlabelled textual data. Unlabelled texts are
used to train language models and embeddings, while labelled corpora are utilised as a learn-
ing base or as a point of reference for evaluation purposes.’

Low resources are one major problem for research communities working with historical texts and lan-
guages, because these communities are rather small and underfinanced. Therefore, they lack the power
to significantly improve the unsatisfying situation.

4  Fengetal. (2018),4071.
5 Chastang et al. (2021).

6  Ehrmann et al. (2021), 3. Other NE-related specific research directions are temporal information processing and geopar-
sing: Ehrmann et al. (2021), 5.

7  Ehrmann et al. (2021), 6-7.
8  Ehrmann et al. (2021), 7-8.

9  E.g. Latin NER with literary texts (1* century BC — 2™ century AD), 7.175 NE: Person, Location, Group. See Erdmann
etal. (2016).
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Methods

The engineering of NER systems is performed by four families of algorithms: '

Description

Example

Constraints

Lexicon-based approaches

NE are detected by comparing
a dictionary with the list of]
words in the selected corpus.
These look-up procedures work|
better for historical data, be-
cause the lexicons do not re-
quire constant updating and
careful maintenance to stay ac-
curate and effective.

Do-
main: state (papyri,
4C-1C BC, lan-
guages: Egyptian,
Ancient Greek, Latin,
cf. Broux / Depauw

Trismegistos,

[2015]);  Pleiades;
Lexicon of Greek
Personal Names;

Prosopographia Im-
perii Romani.

Resources might not be available
(digital, open access) nor well-
maintained (updated databases).
The complexity of NE is a problem
in itself related to the ambiguity of
names (e.g. father and son: same
name, different person), spelling
variation (e.g. Caius or Gaius), ab-
breviations (e.g. C./ G., SPOR),
patronyms (e.g. Pelopides — “des-
cendants of Pelops”), and met-
onyms (e.g. Tonans — Jupiter). It is
almost impossible to include all po-
tential NEs. Chastang et al. (2021),
9: “Training a dictionary-based re-
cognition model against a list of
names can lead to a high ratio of
recognition for a particular corpus,
but the model is often not robust
when applied to unseen texts or dif-
ferent types of data.”

Rule-based approaches

NE rules are manually crafted
by a developer or linguist on
the basis of regularities (pat-
terns) observed in the data, e.g.
derivates for ancestry (-ides).
Rule-based approaches have
the advantage of not requiring
training data and of being eas-
ily interpretable. In contrast,
their design needs time and ex-
pertise and is thus costly.
Chastang et al. (2021), 9: “[...]
rule-based models [...] show a
valid global recall, but a slight
tendency to poor precision-ra-
tio on unseen texts.”

10Ca-
tion nAmed-entity re-
cognition method for
Latin tExt”
(LOCALE); for An-
cient Greek no ex-

“ruLe-based

ample.

Morphological analysis (stemming,
lemmatisation) might be useful for
applying the rules, but this comes
with a certain percentage of errors.

10 Chastang et al. (2021); Ehrmann et al. (2021), 8-10.
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These approaches are also
called feature-based, because
they use labelled data and learn
from it to recognise patterns for|
applying them on unlabelled
data. Due to their capacity to
take into account the neigh-
bouring tokens, conditional
random fields (CRF) proved
particularly ~ well-suited
NER tagging and became the
standard for feature-based NER
systems.

for|

Machine-learning (ML) based approaches

Classical Language
Tool Kit (CLTK);,
CRF. Domain: news
(medieval  charters,
10C-13C, cf. Aguilar
et al. [2016]); Do-
literature
(Classical texts, 1C
BC-2C, cf. Erdmann
et al. [2016], Beers-
mans et al. [2023];
Domain: literature
(Herodotus, cf. Pal-
ladino et al. [2020]).

main:

The ML algorithms require a lot of
labelled data which
scarce. Besides, in order to resolve
ambiguities, a deep understanding
of the context (sentences, para-
graphs, document) is necessary,
something which is a challenge for
a rather simple ML algorithm.

is usually

DL systems use artificial neural
networks with multiple pro-
cessing layers, which is why
they are called neural-based ap-
proaches. On the basis of word
embeddings, DL models the se-
mantic and syntactic relation-
ship between various words by
learning representations of the
given data (corpus) with mul-
tiple levels of abstraction. The
key benefit of neural networks
is their ability to automatically

Deep learning (DL) approaches

learn input representations in-
stead of relying on manually
elaborated features — whether|
or not the input is topic-specific
or rather general.

Latin BERT (trained
on 640 million tokens
spanning 22 centur-
ies, cf. Bamman /
Burns  [2020]);Lat-
inCy; Gre(BERT|T)A,
PHIL(BERT\T)A;

AG BERT hypopt re
duced NER; grc-ner-
bert;
flair_grc_bert_ner

Deep learning models “frequently
operate as opaque ‘black boxes’
with limited transparency in their
decision-making processes” (Sank-
arapu et al. [2024], 1).

Tab. 1: Methods of Named Entity Recognition (NER).

Challenges of NE Recognition and Classification

Generally, NER on historical documents, particularly those that are written in low-resource languages
like Latin and Ancient Greek, faces considerable challenges due to a lack of resources, in particular the
documentation on high-quality annotated datasets.'' The lack of resources for Latin and Ancient Greek
summarised by Burns (2019), is still valid:

“[...] named entity recognition (NER), or the systematic tagging of words in texts by category
(so, Roma as a “location” or Zmkpdrng as a “person”) is not well-supported by standalone tools.
With respect to Greek and Latin, a lack of annotated texts and robust language models underlies
the problem.”"?

11  Beersmans et al. (2023).
12 Burns (2019), 168.
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Even though the Al-driven development in the last few years has brought some advances relating to
the models and evaluation procedures, the overall trend has not changed, particularly concerning an-
notated corpora.

Apart from the quality of data and methods there are challenges inherent to language corpora which
contain texts from different genres, places, and eras. Although the Latin and Ancient Greek texts be -
long mostly to literature and use standardised, formal language, the dynamics of language might cause
some troubles extracting and labelling NE correctly. These errors can be attributed to problems related
to normalisation, genre-specifics, ambiguity, and multi-word expressions:

* Normalisation: Without normalising NE to a common standard, circumstances such as
spelling variations and slightly different naming conventions may produce multiple results
for the same NE, e.g. C. Iulius Caesar and G. lulius Caesar, parvum and paruum.

* Genre specifics: Poetic texts in particular provide stylistic or rhetorical expressions like para-
phrases, metaphors and metonymies, which obfuscate the NE for a non-expert like a standard
automatic NER-tagger, e.g. urbs instead of Rome, fonans instead of Jupiter, Dis instead of
Pluto.

* Ambiguity: Some of the naming conventions of antiquity like homonyms between father and
son are very challenging for automatic NER taggers because they do not ‘understand’ the
concept of one name and two referents, i.e. they were not trained to distinguish multiple
homonymous referents. Similarly, this applies to adjectives, e.g. romanus meaning Roman
(adjective, no NE) or Roman (noun, NE: person). In both examples, a NER tagger is prone to
make mistakes in the classification process, e.g. identifying too many or too few entities.

*  Multi-word expressions: Occurrences of multi-word expressions (‘composed entities’) come
with different challenges. Firstly, they consist of more than one word with different linguistic
construction possibilities like vallum Hadriani, consulibus M. Tullio Cicerone et C. Antonio
Hybrida, P. Lentulus Sura, P. et Ser. Sullae Ser. Filii. Secondly, they might occur as discon-
tinuous text spans like rebus Sancti Vincentii Matiscensis. Thirdly, they might be nested into
each other or might overlap like Guillelmus de Sancti Stephano de Ponte. In every case they
are highly complex and therefore mostly not recognised correctly, i.e. the NE will probably
be identified only partially and often not correctly classified.

Approaches to enhance NER results

As mentioned above, to gain better results it is necessary to increase the quantity of data for training
and evaluation purposes as well as to improve the quality of this data. By providing more annotated
texts of different genres and eras the issue of quantity could be addressed, but without more sophistic-
ated annotations the aforementioned challenges would be almost the same. Thus, the quality of data
and consequently of the models needs to be enhanced. Accordingly, it is suggested to enhance the an-
notations by introducing a so-called multi-layer annotation system; this allows researchers to make ex-
plicit annotations in cases of uncertainty and to reveal the distinction in complexity between manual
and automatic annotation through one layer of automatic annotation and multiple layers for manual
ones.” Most notable is the latter functionality, which offers insights into the contrast between a
broader automatic approach and a more subtle manual approach. Based on these multi-layer annota-
tions, NER taggers using a DL approach could learn to recognise patterns of fuzzy multi-word expres-
sions, extract them in their entirety as one NE, and classify the NE accurately.

13 Chastang et al. (2021).
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Application of NER in Classics

As part of the Humanities and inter alia concerned with literary studies, modern Classical Studies has
intersections with the Digital Humanities (DH) and with the Computational Literary Studies (CLS).
Nowadays, digital research and teaching methods enrich the established methodology and offer new
perspectives on the interaction with Latin and Ancient Greek texts. This encompasses all main areas of
German Classical Studies: editions, translations, commentaries, interpretations, didactics. However,
there is still a huge knowledge gap between the people who develop new resources and tools and the
people who might use them for their research and teaching. This gap is two-sided: On the one hand,
‘traditional’ researchers and teachers lack a sufficient level of digital literacies'* for fully exploiting the
provided tools and methods. On the other hand, specialists for computational methods are often not
sufficiently acquainted with the domain-specific needs and research interests — occasionally, they are
not even familiar with the Classical languages or literary studies. Thus, matching the research interests
and goals of both perspectives sometimes seems impossible. This marks an exciting starting point for
the Daidalos project, which aims to develop an NLP research infrastructure for different competency
levels.

Daidalos: Key Goals and Features

The interdisciplinary Daidalos project” intends to bring computational and traditional approaches
closer together by providing an NLP infrastructure which offers a software-as-a-service for NLP meth-
ods like NER, word embeddings, or sentiment analysis. Additionally, Daidalos includes working in re-
search tandems, offering material for further education, and consulting researchers or research groups
on third-party funding or more generally on research questions appropriate to digital methods. There-
fore, Daidalos has the following goals and features:

* Bridging the Gap between DH and CLS on one side and German (!) Classical Studies on the
other side by working in so-called research tandems for a better understanding of what liter-
ary researchers need and want.'

¢ No-code and low-code access for various data-driven research methods and data visualisa-
tions."”

* Reuse of existing resources and literature overview on application possibilities.

* Systematic Evaluation Framework for NLP Models and Datasets in Latin and Ancient Greek:
SEFLAG."

14 This term sums up different technology-driven literacies, i.e. digital literacy, data literacy, and Al literacy. A domain-spe-
cific and case-sensitive theoretical model and framework has been designed as part of the Daidalos project. See Beyer
(2026).

15 https://daidalos-projekt.de (last access 11.07.2025). The Daidalos Project (2023-2026) is funded by the German Re-
search Foundation. Project number: 518919950. Daidalos is on GitLab (https://scm.cms.hu-berlin.de/daidalos/daidalos-
platform [last access 11.07.2025]) and Zenodo (https://zenodo.org/communities/daidalos/ [last access 11.07.2025]).

16 Beyer / Schulz (2023a) and (2024).
17 Beyer / Schulz (2023b).
18 Schulz / Deichsler (2024).
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Feature Already implemented Planned
Corpus of Latin and An- | Perseus via Perseids APl Integration of other digital cor-
cient Greek texts pora like LASLA, MODQ
NLP methods and | Pre-processing, word embeddings, | Part-of-Speech, topic model-
visualisation NER, sentiment analysis ling, fine-tuning of parameters
Workshop material (Hosted on GitLab:) Jupyter Note- | Integration via JupyterLite for

books on Markdown/JN, data pre- | low-code access and increased
processing, word embeddings, sen- | flexibility during research
timent analysis, NER

SEFLAG NER, lemmatisation, dependency | Expanding, web integration
parsing

Databases Small documentation on resources | Research literature, Al tools

User-friendly functionality Text upload, result download

Identity Access Manage- Settings, own corpus

ment

Tab. 2: Overview on features of the Daidalos NLP research infrastructure.

The Daidalos project will apply for a second funding period, in which, amongst other things, the fur-
ther development of domain-specific NLP methods shall be addressed.

NER - Underrated for Literary Studies in the Classics?

The methods of information retrieval (IR) and linguistics share a common fate in (traditional) literary
studies in (German) Classics. Although they might be called the foundation (‘ground truth’) of any
qualitative analysis — in the form of an interpretation of a passage or a text, they are often not expli-
citly mentioned or are even despised because of their data-driven approaches. Nevertheless, of course,
they are used by philologists to analyse text patterns and extract information from texts about e.g.
people, author, or historical context. That being said, the key challenge for establishing data-driven
methods in the community of practice of Classical philologists is rather a question of awareness, " both
of methodology and methodological competence. For this reason, Daidalos has introduced the so-
called research tandems. Both partners know the domain, but they apply different methods for solving
their research questions — close reading vs. distant reading.”

In one of these case studies, NER is part of a workflow to find answers to the underlying research
question: How can ‘gaps’ in historiographical texts be found using digital methods?*' For modelling
reasons this question is reduced to a manually analysed example: Can the absence of the historical
event ‘Conference of Luca’ in Cassius Dio’s Roman History be detected with digital methods??* The

19 De Carvalho-Filho et al. (2020).
20 Schubert (2015).

21 This research question addresses the problem whether an omission is based on a source problem or is intentionally done
as part of a conscious decision (literary function).

22 The Conference of Luca was held 56 BC by the triumvirs Caesar, Pompey, and Crassus. It is mentioned by Cicero, Plu-
tarch, Velleius Paterculus, Suetonius, and Appian. In contrast, Cassius Dio does not refer to it.
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test corpus consisted of nine references, both in Latin and Ancient Greek texts.” Thus, two language
specific NER taggers were applied (see tab. 3).

Transition-based Parser

Latin Ancient Greek
Model Name la_core_web Ig UGARIT/flair_grc bert _ner
Publication Burns, 2023 Yousef et al., 2023
NLP Software | spaCy Flair NLP
Architecture floret vectors BERT (transformer) vectors

long short-term memory network

conditional random field

Training Data

Caesar, Ovid, Pliny (Elder & Younger)

Homer, Herodotus, Athenaeus

Tagset

persons, locations

persons, locations, peoples

Tab. 3: Reuse of resources in Daidalos: NER taggers for Latin and Ancient Greek.

As it is shown in fig. 1, it was possible to find the passage containing the conference of Luca through
visualising the NE.** Nevertheless, there was also one false positive (Plut. Caes. 21, 4) that could be
explained by the literary scholar, but proved what is generally accepted about NLP tasks: having a hu-
man in the loop is essential for evaluating the results. In relation to the research request, the results
were good enough for a proof-of-concept state, esp. because the known gap (Cass. Dio 39, 24-36)

stayed blank.

TNV OALV. 00 yap pHOVOV Ol TOG GpXaC

&vnyopeUovTo, Kai mav Enpattov 0 Thv
Suvapy alEelv EpeAAev, GAANG Kai TV

Mopurnioc PER TE Ko
Ao PER O TAG

kai Neémweg PER O TAG

EMPAVESTATWY AVEPAV Kal PeyioTwV ol TAgloTOL

ouvRABovV TIPOG QUTOV EiG - .

Kpdoocog PER Kai

aveumnatog, MOTe PABOOUXOUG HEV EKATOV EIKOOL
YEVEDBQL, oUYKANTIKOUG &€ TAgiovag i SloKooioug.

BouAnv &8¢ Bepevol diekpiBnoayv £mi TOUTOLG: E6€EL

TIOPAYYEANOVTEG EKEIVY XPWUEVOL XOPNY® Kol TOIG
mop' €Keivou Xpripaot lapBeipovieg TOV SApov

text passage found by Luca

Cic. fam. 1,9,9
£Keivou Suet. lul. 24

Plut. Caes. 21,2

Plut. Caes. 21,3

Plut. Caes. 21,4

Plut. Pomp. 51,3

Plut. Crass. 14,1

Plut. Crass. 14,5

Plut. Cat. min. 41,1

Cass. Dio 39,24-36

Vell. 2,46,1-2

App. civ. 217,63

found by proper names false positive

only Pompeius & Crassus
only Pompeius & Crassus
only Pompeius & Crassus

Fig. 1. Left: Example (Plut. Caes. 21) of NER visualisation with Daidalos; Right: Overall evaluation of NER

23
41,1-2; App. Civ. 2,17; Vell. 2,46,1-2.

24

results for the test corpus.

tagger is a proof-of-concept for finding specific passages without knowing all NEs.

Beyer: Daidalos

Cass. Dio 39,24-36; Cic. Fam. 1,9,8-9; Suet. Iul. 24,1; Plut. Caes. 21; Plut. Pomp. 51; Plut. Crass. 14-15; Plut. Cat. min.

If someone already knows all NEs beforehand, he/she could use regular expressions as well. However, using the NER-
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Based on these findings, the research tandem decided to continue further with a combination of NER
and sentiment analysis to test a second hypothesis®* that explains why Cassius Dio might not have
mentioned the conference of Luca. The first findings are encouraging, namely that the polarity of the
Cassius Dio passage is slightly more negative than any of the others.?® Thus, the test corpus for this
analysis is going to be expanded to the whole work of Cassius Dio, in order to evaluate whether the
workflow ‘NER and sentiment analysis’ paves the way sufficiently to tackle the overall research ques-
tion, i.e. finding omissions in historiographical Latin and Ancient Greek literature.

Obviously, the presented case study is just one possible application of NER in Classics. Inherently,
NER techniques support complex information extraction and classification in corpora too big to read
in the provided amount of time (cf. distant reading). This way, they enable literary scholars to visualise
frequencies, sequences, recurrent patterns, and hot spots to gain systematic and replicable insights into
specifically assembled corpora. Such being the case, some other potential literary use cases are out-
lined below:

Authorship Attribution
* Corpus: Ps.-Sallust, Invectiva in M. Tullium Ciceronem.

* Background: By now, most researchers agree that this speech is an example of a declamatio
of the late Augustan era, but esp. in Germany some researchers still try to attribute it to Sal-
lust.

* Research question: If the speech is situated in 54 BC, do the timeline and chronology of ap-
pearing persons match this date? What evidence is there for a terminus post quem?

* Requirements: Digitised Text and a knowledge base of events and persons up to 54 BC.
Relationship of Title Heroes and Protagonists
* Corpus: Sallust, Bellum Catilinae & Bellum Iugurthinum.

* Background: Both monographs are named after one person (Catilina & Iugurtha) exemplary
for the danger they posed to Rome. However, there are other main characters (Caesar &
Cato; Marius & Sulla) who drive on the events.

* Research question: How is the relationship between eponymous hero and protagonists
weighted? How similar are the two monographs in this respect to each other?

* Requirements: In addition to NER, social network analysis is required.
Time as a Device for Framing
* Corpus: e.g. Cicero, De Amicitia, Tusculanes; Plato, Protagoras, Politeia.

* Background: In antiquity, the genre dialogus is common to ‘teach’ philosophy. Some are ex-
plicitly set in the past, others span multiple days in a row.

25 Cassius Dio attributes early on a negative relationship between Pompey and Caesar, which might be the reason for
Luca’s ‘gap’. If so, this should be reflected by the (latent) emotions/moods in the text, i.e. more negative polarity in Cas-
sius Dio than in the other passages of the test corpus.

26 The sentiment analysis for both languages is a challenge in it-self, esp. for comparable resources and models. Regard -
less, this NLP task is introduced in this paper only for the reason of demonstrating a pipeline in which NER is one of the
first steps to discover new insights in the classical-philological literary studies.
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* Research question: How is time used in the dialogi? Do references to time statements fit the
fictitious frame of a dialogue? How do time statements support the narration? What can be
inferred about the meaning of time in literature of the same era?

* Requirements: <DATE> annotation in a training corpus and a newly trained model.
Stereotypes of Organisations or People over Time
* Corpus: Historiographical texts from 100 BC to 300 AD.

* Background: Different political systems and becoming an empire may have had an influence
on Latin literature and the ideas conveyed by the historiographical works.

* Research question: How do political organisations and their representatives evolve over
time? Are the descriptions rather like stereotypes in the beginning? Do they evolve into ste-
reotypes? Are certain peoples more prone to be stereotyped than others?

* Requirements: <ORG> and <PEOPLE> annotation in a training corpus and a newly trained
model. In addition to NER, social network analysis and word embeddings are recommended.

These examples are only thought experiments, of course, and each idea would need more considera-
tion before being applied in literary research. But they hint at the potential value of an IR method like
NER in Classical literary studies, if both types of researchers work together on research questions.

NER as Part of Teaching Digital Literacies

As shown above, it is worth knowing how to use NER in the Classical Studies, but the majority of re -
searchers are lacking the necessary skills. Above all, this poses a challenge for the future of Classics in
itself, because the researchers are also teachers. So, if the researchers are too unskilled in digital re-
search methods, they will not or cannot teach in a way that enables students to acquire a certain level
of digital literacies. Consequently, future researchers and teachers will still have the same problem
they face right now. That is why the Daidalos project has also developed a framework for describing
domain-specific and use-case-sensitive levels of three digital literacies, i.e. digital literacy, data liter-
acy, and Al literacy,”” which are aggregated as digital literacies. This framework is used to define what
is needed for accomplishing digital-based research. Thus, it helps in providing support to literary
scholars, and in developing learning material like the curated Jupyter Notebooks.

For example, in the case study presented above, the literary scholar did not know anything about NER
(which was expected), but lacked also ‘basic’ knowledge about file formats or even the term ‘annota-
tion” (which was unexpected, see tab. 4). For one thing, why should a literary scholar be expected to
know about annotations? On the other hand, these expectations are reasonable from the view of those
researchers who are accustomed to NLP and surrounded by digital devices and data-driven ap-
proaches. In fact, both ‘sides’ would be right in their own perspective, illustrating the aforementioned
two types of researchers who have difficulties to understand each other. For that reason, although it is
hard work to adapt the framework for each case study, it has proven very useful for communication
and collaboration in the research tandems.

27 There is an abundance of literature on each of the mentioned literacies and some more that might also be part of the di-
gital literacies framework, e.g. media literacy or information literacy. However, deploying NLP services boils down to
the fact that the focus is set on Al and supportive competences related to data and general digital abilities.
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Dimension Get to know Acquire Deepen Create
Al literacy NER concepts, e.g.| Comparing NER | Evaluating NER er- | Refining NER
taggers, model cards,| taggers and | rors systematically | taggers through
datasheets results feedback
Data literacy Knowledge about an-| Annotating a | Using a multi-layer | Creating annota-
notations in general | test corpus annotation scheme | tion guidelines
Digital literacy |Difference DOCX &| Converting Identifying  chal- | Modifying TXT
TXT DOCX to TXT | lenges for pre-pro- | depending  on
cessing in TXT the use case

Tab 4: Domain-specific and use-case-sensitive framework to describe the needed level of digital literacies
for working on an NER task. Not all characteristics need to be acquired for accomplishing a task, but the
full overview breaks down the complex requirements into learnable modules.

Obviously, the framework might also be applied to teaching and could facilitate setting the goals of
tasks, courses or curricula by structuring explicitly the needed skills. Even if it is mostly not necessary
to acquire the full pattern of digital literacies for the selected use case, providing a variety of frame-
works for different use cases in Latin and Ancient Greek philology might make it easier for tradition-
ally trained scholars to get an idea of what level of digital literacies is required to apply digital re-
search methods. Consequently, it would be possible to address this need and create learning units with
authentic research questions, in order to improve digital literacies in Classics and therefore break the
vicious circle of lacking digital competence.

Generative Al and the Future of NER and NLP in Classics

Finally, it is necessary to talk about the implications of the frantic development of generative Al re-
lated to NLP tasks and Classics as well. Some people might ask why they should bother to acquire di-
gital literacies, if they just as well could use an Al chatbot, i.e. a Large Language Model (LLM)* with
a graphical user interface. This opens up a discussion that not only concerns the quality of these mod -
els and further technology advancements, but also core values of research like autonomy, replicability,
transparency, and openness: In a nutshell, what we can do and what we should do.

Getting back to NER, there is some evidence that LLMs, namely the GPT models, can be deployable
for NER tasks (Wang et al. 2023). Although the “intrinsic gap between the two tasks of NER and
LLMs”? and “the hallucination issue, where LLMs have a strong inclination to over-confidently label
NULL inputs as entities™ still exist, the researchers showed that using in-context learning — primarily
few-shot prompting — combined with a self-verification process of the LLMs is especially beneficial

9931 Con_

“in the low-resource scenario [...] when the amount of training data is extremely scarce
sequently, this paper indicates that, by prompting, it is possible to structure unstructured data and pro-

cess this data in such a way and with such results that are comparable to what specialised taggers

28 As mentioned above, deep learning approaches are being tested and adapted right now for Latin and Ancient Greek.
Thus, LLMs are already being applied. In contrast to this meaning, in the following context, the term LLM is related to
foundation models that are domain-unspecific and accessed through a chatbot interface by prompting a question or task
in the natural language of the user.

29 Wang et al. (2023), 1: “NER is a sequence labeling task in nature, where the model needs to assign an entity-type label to
each token within a sentence, while LLMs are formalized under a text generation task.”

30 Wang et al. (2023), 2.
31 Wangetal. (2023), 11.
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would do. Nevertheless, it should be added that, in the light of the evolution of LLMs to Large Action
Models (LAM), these findings might soon be outdated. With the arrival of agents®’, a task could be
broken up into a lot of individual actions and binary decisions which follow an even better workflow
than the prompt engineering so far. Accordingly, the need for training models or curating resources
could be reduced, especially for low-resource languages like Latin and Ancient Greek, though, in fact,
nobody can really make an accurate estimation for the future.

Despite this, a much more intricate problem is involved when talking about LLMs — in particular
LAMs — or Al-driven technology in general. As it is known,* the costs for training a LLM, but also for
fine-tuning, applying techniques like retrieval-augmented generation (RAG) and low-rank adaptation
(LoRA), and for operating the LLMs are extremely high. Thus, the usage of LLMs creates new bound -
aries, because only global private players are able to finance the ‘whole Al ecosystem’ so far. This
ever-growing dependency on a non-scientific, profit-oriented community comes with crucial draw-
backs for an independent research community:

* reduced accessibility due to high prices, costly infrastructure and lack of data privacy,
» restricted replicability due to a lack of openness of models and training data,
* unclear biases due to training the models on the whole internet,

* limited or no transparency at all due to privately owned solutions and the DL approach.

Under these conditions, small domains like Classics have an even harder time working autonomously
with digital-based research methods. This means that abstaining from ‘buying’ seemingly easy access
to LLMs, and keeping instead to the old-fashioned NLP approaches might be the only salubrious solu-
tion yet. Consequently, researchers still need to learn about NER as an NLP task and become digitally
literate.

32 Xietal. (2023), 1: “Al agents are artificial entities that sense their environment, make decisions, and take actions.”

33 Maslej et al. (2024).
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Online Sources

https://pleiades.stoa.org/places (last access 11.07.2025).

https://www.lgpn.ox.ac.uk/ (last access 11.07.2025).
https://pir.bbaw.de/ (last access 11.07.2025).

https://trismegistos.org (last access 11.07.2025).

https://github.com/Ivona221/LOCALE (last access 11.07.2025).

http://cltk.org/ (last access 11.07.2025).
http://daidalos-projekt.de (last access 11.07.2025).
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Fig. 1. Left: Example (Plut. Caes. 21) of NER visualisation with Daidalos; Right: Overall evaluation
of NER results for the test corpus.
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