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Abstract. We investigate how state-of-the-art Large Language Models
(LLMs) can unlock new knowledge from the Cyfrowa Biblioteka Drukéw
Ulotnych (CBDU)—a digital collection of early-modern Polish ephemeral
prints. Our end-to-end pipeline compares three transcription approaches:
pure OCR, LLM-based post-correction, and multimodal models. The re-
sulting transcriptions then serve as input for our two main contributions:
the automatic extraction of bibliographic metadata and the generation of
expert-style historical commentaries. Experiments show a leading multi-
modal model excels, reducing transcription CER from 33% to 9%, while
achieving high Fl-scores for publication place (0.85) and date (0.71),
and a 2.31/3 mean score for commentaries. We conclude that large mul-
timodal models can serve as effective “digital archivists”, enriching his-
torical collections with structured metadata and contextual analysis.

Keywords: digital library - middle Polish - Large Language Models

1 Introduction

The Digital Library of Polish and Poland-related Ephemeral Prints from the
16th, 17th and 18th Centuries (Polish: Cyfrowa Biblioteka Drukéw Ulotnych
polskich i Polski dotyczqcych z XVI, XVII i XVIII wieku, abbreviated CBDU!
[6,12]) contains approximately 2 000 Polish and Poland-related ephemeral prints
(short, disposable, irregular pre-press documents), written in Polish and 10 other
languages? and dated between 1501 and 1729. The CBDU was manually created
in 2009 and has been intensively used by lexicographers [1], corpus linguists [7],
media scholars [10], or even developers of text recognition solutions [8].

This library’s foundation is a three-volume bibliography by Zawadzki [15—
17], a former curator and head of the Microfilm Collection Department at the
National Library of Poland. He catalogued and described all surviving items
bibliographically and microfilmed many of them. Zawadzki created bibliographic
descriptions of the prints containing extensive metadata such as the print title
(in modern transcription), issue date and place, printer name, format, volume
size, information on bibliographical sources and an exact description of the title

! https://cbdu.ijp.pan.pl/
2 German, Italian, French, Latin, Swedish, Spanish, Dutch, Czech, English and Danish.
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page with line breaks, font names, illustrations etc (see Fig. 1). A small number
of prints have been also analysed from a historical perspective to provide context
for the events they describe.

1569

70. Krotka historia o zwyciestwie kréla francuskiego nad sakramentarzami 13 marca 1569.
[Krakow, Mikotaj Scharffenberger, po 21 IIT 1569]. 8°. Knlb. 8, sygn. A—B*.

E. XVIII 213. PK. 636, W. 2534,
LAl [Tytul, frakt,:] Krotka historia o || Zwycigstwie Krold Fran- || cuskiego / ndd Sdkriamen- ||
| [szwab. ] tarzmi | ktorych glowa j nawyzBym || Hetmdnem byl Ksiaze de Conde / || w tey bitwie zdbity
Trzynastego || dnid / MieSiacd Mdrcd. || Roku 1569. || [dwa ozdobniki] || [drzeweryt: oboz wojskowy,
w glebi miasto otoczone murami] ||

| Zawiera: ,,Psalm 32, Tekst.
i Relacja o klesce hugonotéw pod Jarnac 13 II1 1569,

Egz.: PAN Koérn. Cim. O 177
Mikrofilm: BN Mf. 32749

Fig.1. Description of a sample print from Zawadzki’s bibliography (see also
https://cbdu.ijppan.pl/id/eprint/700/).

When no exact information on metadata such as the publication date was
available, it was often reconstructed by looking at the last dated event described
in the print. The fact that this type of data has been inferred (rather than
being present directly in the document) is indicated by placing the values in
square brackets. Fig. 2 illustrates this reconstruction process. The print whose
bibliographic description is shown in Fig. 1 contains no publication date, but
the title page describes an event (the French king’s victory over the Huguenots,
French Protestants) dated 13 March 1569 so the print must have been published
no earlier than that. However, page 11 of the print contains information about
another victory achieved by the same king on 21 March, meaning the publication
date was eventually determined to be "after 21 March 1569”.

! | | ¢ieffroo ndo fec nie 23jacielmi ota3y
&rOtﬁ{E‘ﬁouao - mal| onid [2). TMarca]w Uliescie
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w tey Bitwie 3abity Tesynaftego | 16 pomoc Ksiazeciy }Eo‘nbemq/‘
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Fig. 2. Fragments of pages 1 and 11 of print 70 illustrating the process of date recon-
struction.
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In this paper, we aim to address the following research question: how effec-
tively can modern AI solutions (in this case, multimodal and non-multimodal
large language models) be used to automatically process scanned items and dis-
cover information relevant to a particular digital library? This can be broken
down into three types of task: 1) processing source text; 2) extracting metadata
such as publication place or date, either directly from the text or by reasoning
through the whole text; and 3) generating descriptions based on the printed text,
such as historical comments. The quality of the first two tasks can be evaluated
using simple comparisons, whereas the third task requires more sophisticated
methods, such as using LLMs as judges. For our case study, we will use CBDU
as a source of manually created evaluation data for all three tasks.

2 LLM-powered Processing Pipeline

LLMs can offer unprecedented advancements in processing of historical data,
starting from multimodal OCR, through post-correction to Named Entity Recog-
nition [5], just to name a few. In CBDU such models were also previously used for
various tasks, including machine translation of Latin interjections with GPT-3
[13] or intralingual diachronic translation of middle-Polish texts into contempo-
rary Polish with GPT-3.5 [9].

Traditional OCR solutions based on deep learning can be applied to historical
documents, but achieving high recognition accuracy requires model tuning and
large datasets [14]. These approaches are multi-step processes where each step
can significantly impact the final result. Modern OCR pipelines typically consist
of several key stages:

1. Preprocessing, where images are enhanced through noise reduction, con-
trast adjustment, and deskewing to improve text clarity;

2. Text detection and segmentation, where deep learning models identify
text regions and separate individual text lines;

3. Text recognition, where convolutional neural networks (CNNs) combined
with recurrent neural networks (RNNs) or transformer architectures like
TrOCR [11] extract character sequences from segmented text regions; and

4. Post-processing, where language models and statistical methods correct
recognition errors and improve accuracy.

Recent investigations into using LLMs (Large Language Models) for improv-
ing OCR recognition have demonstrated substantial ability to recognize text
in historical documents [4,5, 14|, though evaluations have primarily used small
datasets [5] and not on Polish documents. Multimodal LLMs have shown partic-
ular promise in document understanding tasks, offering capabilities that extend
beyond traditional OCR to include semantic understanding and contextual anal-
ysis.

The use of Large Language Models for OCR recognition and post-processing
represents a particularly promising approach for processing historical Polish
texts.
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2.1 Text Transcription

To transcribe the historical Polish prints we used three strategies: Tesseract 5.5.1
with a Polish language model served as a purely optical-character-recognition
baseline; the Tesseract output was post-processed with a text-only LLM pipeline
combining Llama-3.3-70B and C4AI Command-A [2]; and a multimodal pipeline
in which Llama-4-Scout-17B and Gemini 2.5 Pro [3] processed both the OCR
text and the corresponding page image.

For each LLM-based approach we designed a dedicated prompt that asked
the model to return two complementary outputs: (i) a diplomatic transcription
that faithfully preserves the original spelling, punctuation and line breaks, with
uncertain characters marked in square brackets; and (ii) a modern transcription
normalised to contemporary Polish orthography.

While the diplomatic version is essential for detailed philological study, the
modern transcription is what truly opens the collection to readers. It enables full-
text search with current spelling, feeds later NLP steps such as tokenisers and
name-entity recognisers trained on modern Polish, and makes the text instantly
readable for historians, linguists and the wider public who are not familiar with
early-modern spelling. Creating this reader-friendly version often requires slow
manual post-correction, but current LLMs can now produce it off the shelf,
removing a long-standing bottleneck in digital workflows.

The models were required to respond with a valid JSON object containing
only these two fields. The complete prompts used for both text-only and multi-
modal transcription can be found in Appendix 4.

While we do not formally evaluate the quality of the modern transcription,
it is a critical intermediate step. By harmonising archaic spellings and normal-
ising grammar to contemporary standards, this output provides a cleaner, more
consistent input for the downstream metadata extraction and commentary gen-
eration tasks, thereby reducing the risk of error propagation.

2.2 Metadata Discovery

Metadata extraction is a crucial step in digital libraries, as it provides structured
information about the documents that can be used for search, analysis and dis-
covery. In this study we explored how modern Large Language Models (LLMs)
can be employed to automatically extract such metadata for the CBDU collec-
tion. We focused on three key fields: publisher name, place of publication, and
date of publication. For the date, we required the models to return values in the
canonical format [after DD roman-month YYYY]; when an explicit publication
date was absent, the earliest date mentioned in the text had to be returned,
enclosed in square brackets to mark the inherent uncertainty. We follow the con-
vention introduced in Zawadzki’s bibliography, where square brackets enclose
any part of the date that has been inferred rather than explicitly found in the
print. The Polish particle po (“after”) precedes the reference day and month;
typical cases include [po 3 II] 1586 (where the year is known but the day and
month are inferred from the text), 3 II 1586, [1610], and [po 2 X 1581].
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Using the modern transcription from the previous stage as input, we eval-
uated three state-of-the-art LLMs: two text-only engines (C4AI Command-A
and Llama-3.3-70B) and one multimodal system (Gemini 2.5 Pro). The full
metadata-extraction prompt is provided in Appendix 4.

2.3 Generation of Historical Commentaries

Historical commentaries greatly enhance the value of a digital library by situat-
ing each print in its proper temporal and geographical context and by identifying
the key actors and events it describes. The creation of comprehensive historical
commentaries is a resource-intensive process, demanding both extensive exper-
tise from trained historians and considerable time commitment. We therefore
investigated the use of Large Language Models (LLMs) to automate the task,
framing commentary generation as a specialised form of abstractive summari-
sation that benefits from the extensive historical knowledge embedded in con-
temporary models. Two prompting strategies were devised: a zero-shot prompt
that requires no in-context examples, and a five-shot prompt that provides the
model with five reference commentaries for additional guidance. The full text of
both prompts can be found in Appendix 4.

As input to the language model we supplied the modern transcription gener-
ated in the previous stage. Because this version is normalised to contemporary
Polish, it provides a substantially cleaner signal than the raw diplomatic tran-
scription. Feeding the LLM with such linguistically harmonised text reduces the
cognitive load required to interpret archaic spellings, thereby enabling the model
to focus on extracting historical facts and narrative coherence.

3 Evaluation

3.1 Text Transcription

We assessed the quality of automatic transcriptions on a representative subset
of 229 Polish ephemeral prints for which human—annotated diplomatic tran-
scriptions were available. Performance was measured with two standard OCR
metrics: Character Error Rate (CER) and Word Error Rate (WER). Both met-
rics are calculated after normalising the reference and hypothesis strings by (1)
removing hyphenated line breaks, (2) stripping superfluous newlines, and (3) col-
lapsing multiple spaces into one. For WER we additionally lowercase all tokens
and remove punctuation.

The results in Table 1 show that the purely optical baseline (Tesseract)
achieves a CER of ~ 33% and an extremely high WER, of 79%, reflecting the
well-known limitations of out-of-the-box OCR on early-modern Polish. Surpris-
ingly, post-processing the Tesseract output with text-only large language mod-
els (C4AI Command-A and Llama-3.3-70B) provides almost no improvement,
indicating that language-model inflation of errors may offset any contextual cor-
rection gains. Introducing image context in multimodal pipelines substantially
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Table 1. Transcription accuracy on 229 Polish prints (lower values are better).

System CER (%) WER (%)
Pure Tesseract 5.5.1 32.93 79.22
Tesseract + C4AI Command-A (text-only) 33.24 79.12
Tesseract + Llama-3.3-70B (text-only) 33.93 80.18
Tesseract + Llama-4-Scout-17B (multimodal) — 29.41 73.47
Tesseract + Gemini 2.5 Pro (multimodal) 8.89 27.23

improves recognition. Llama-4-Scout-17B reduces both CER by over three per-
centage points and WER by nearly six percentage points over Tesseract, while
Gemini 2.5 Pro cuts the character error rate by a factor of nearly four and more
than halves the word error rate. These results underscore the importance of
visual grounding for reading degraded historical prints and highlight that very
large multimodal language models like Gemini demonstrate strong capabilities
for error correction in low-resource, early-modern Polish settings.

3.2 Metadata Discovery

To quantify how accurately large language models can extract bibliographic
metadata from early-modern Polish prints, we evaluated three systems—LLAMA-
3.3, C4AI Command-A, and Gemini 2.5 Pro on a curated subset of 313 CBDU
documents. Only items that already contained at least one of the three target
fields (publisher name, place of publication, date of publication) in the ground-
truth metadata were included (publisher = 56 documents, place = 205, date
= 182). For every field we computed Precision, Recall and F'1-score under two
matching regimes: Strict comparison, which counts a prediction as correct only
when it reproduces the ground-truth value exactly and distinguishes between
values literally present in the text and those deduced on the basis of the text.
Relaxed comparison, which ignores that distinction and accepts either form as
correct. All metrics were averaged over the set of documents that contain a gold
value for the respective field. We do not count false positives for documents
where the ground-truth field is empty, as the reference bibliography is known to
be incomplete. Penalising a model for extracting a value absent from the ground
truth would unfairly punish it for discovering information potentially missed
during the original manual annotation.

The results presented in Table 2 reveal three clear trends. First, Gemini
2.5 Pro is the strongest overall performer. Across both matching regimes, it
achieves near-perfect recall on publication dates (=~ 99%) and delivers the highest
precision, resulting in the best Fl-scores for every field. This suggests a clear
advantage for larger models when parsing noisy OCR from historical Polish
documents.

Second, the matching regime primarily affects date extraction. Relaxed com-
parison boosts Fl-scores by 6-9 points across all systems, indicating that many
errors stem from differences in data extraction confidence levels rather than ac-
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Table 2. Field-level metadata extraction accuracy (higher is better).

Model Comp. Field Precision Recall F1 Docs
Llama-3.3-70B Strict  Date of publication  0.169 0.086 0.114 182
Place of publication  0.791 0.727 0.758 205
Publisher 0.583 0.512 0.546 56
Relaxed Date of publication 0.292 0.140 0.189 182
Place of publication  0.823 0.734 0.776 205
Publisher 0.583 0.512 0.546 56
C4AI Command-A Strict  Date of publication  0.198 0.282 0.233 182
Place of publication 0.851 0.516 0.642 205
Publisher 0.704 0.396 0.507 56
Relaxed Date of publication 0.298 0.371 0.330 182
Place of publication 0.868 0.521 0.651 205
Publisher 0.704 0.396 0.507 56
Gemini 2.5 Pro Strict  Date of publication  0.448 0.988 0.616 182
Place of publication  0.837 0.847 0.842 205
Publisher 0.771 0.563 0.651 56
Relaxed Date of publication 0.553  0.990 0.709 182
Place of publication  0.854 0.849 0.852 205
Publisher 0.771 0.563 0.651 56

tual incorrect values. Publisher and place metrics are mostly unaffected due to
less ambiguity in the ground truth.

Third, the text-only models show complementary strengths. C4AT Command-
A achieves higher precision on place and publisher extraction, while Llama-3.3-
70B has stronger recall, leading to better Fl-scores for those fields. For dates,
C4AI-Command-A is superior. These diverse error profiles suggest that an en-
semble strategy could be effective, especially for the low-resource publisher and
date fields where no single model excels at both precision and recall.

Overall, this study confirms that modern LLMs can recover bibliographic
metadata from early-modern Polish prints with promising accuracy. However,
future work will require targeted methods to normalise date formats and disam-
biguate publisher names.

3.3 Generation of Historical Commentaries

To quantify the quality of the automatically generated historical commentaries
we evaluated 93 prints for which expert gold-standard commentaries are avail-
able. Following the LLM-as-a-judge paradigm [18], we asked gpt-40-2024-05-13
(knowledge cut-off: June 2024) to assign an ordinal score to each system output
by comparing it with the ground truth according to the rubric: 1 — no overlap-
ping historical information (or wrong language); 2 — partial overlap (more than
half of the relevant facts); 3 — high similarity (> 90% of the facts). The full
prompt can be found in Appendix 4. The evaluation was carried out in a point-
wise manner, i.e. each candidate commentary was judged independently without
exposing the model to alternative hypotheses.
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Table 3. Detailed breakdown of historical-commentary quality. Counts denote how
many of the 93 test prints were assigned a given judge score. Higher mean values are
better.

Engine Prompting Mean #1 #2 #3
Gemini 2.5 Pro zero-shot 2.258 8 53 32
Gemini 2.5 Pro few-shot 2.312 9 46 38

C4AI Command-A zero-shot 1.978 15 65 13
C4AI Command-A few-shot 2.097 12 60 21
Llama-3.3-70B zero-shot 1.892 24 55 14
Llama-3.3-70B few-shot 1.946 18 62 13

The results in Table 3 reveal four clear trends. Gemini 2.5 Pro consistently
outperforms the other engines, indicating that larger models translate their su-
perior language understanding into higher factual coverage when generating his-
torical summaries. Providing few-shot examples yields a modest but systematic
improvement for every engine (0.05-0.12 absolute points), confirming that in-
context examples help steer the models towards the desired factual structure.
Smaller models (C4AI Command-A, Llama-3.3-70B) lag behind Gemini by about
0.2-0.4 points, suggesting that they struggle to capture subtle historical details
present in early-modern Polish prints. Overall, the evaluation supports the use
of advanced LLMs with few-shot prompting when high-precision historical com-
mentary is required. Notably, Gemini also exhibits the lowest occurrence of low-
quality outputs: only 8/93 commentaries (8.6 %) are scored 1 in the zero-shot
condition and 9/93 (9.7 %) in the few-shot variant, whereas competing systems
range between 13-26 %. At the same time, few-shot training boosts Gemini’s
share of perfect commentaries (score 3) from 34 % to 41 %, underscoring its ca-
pacity to translate minimal guidance into substantial quality gains.

4 Conclusions and Future Work

Our study demonstrated that multimodal LLMs can effectively process and
enhance historical prints by improving transcription, normalizing archaic text,
and generating expert-quality historical commentaries. Compared to traditional
OCR and text-only LLMs, multimodal approaches significantly reduce errors
and produce more comprehensive factual coverage, emphasizing the importance
of visual context. These findings suggest that advanced LLMs can act as "digi-
tal archivists," streamlining labor-intensive archival tasks while enriching digital
collections with accessible transcriptions and contextual insights.

This work paves the way for two future scenarios. First, LLMs can be used to
supplement existing digital libraries like CBDU by generating structured meta-
data and contextual information—such as relationships between items—that
were beyond the scope of the original project. A more general application in-
volves using a multimodal LLM as a self-contained system to create a digital
library from scratch, automating the entire archival workflow from scanned im-
age to a living, searchable knowledge base.
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Appendix A: LLM Prompts

A.1 Text-only (non-multimodal) pipeline

You are an expert historian and philologist specialised in early-modern
printed sources. I will provide you with 1) the raw OCR-recognised

text of a single page (which can contain errors and uses historical
orthography) .

Sources are in Polish language.

Please analyse input and return *only* a valid JSON object with

two properties:

- "diplomatic_transcription" - a faithful, line-break preserving
transcription that imitates the original spelling and punctuation
as closely as possible; use square brackets [] to mark uncertain
characters.

- "modern_transcription" - the same text normalised to contemporary
orthography and punctuation (expand contractions, modernise
letters, correct obvious typos, but keep the semantics).

Do not wrap the JSON in Markdown fences; output plain JSON only.

A.2 Multimodal pipeline

You are an expert historian and philologist specialised in early-modern
printed sources. I will provide you with 1) the raw OCR-recognised

text of a single page (which can contain errors and uses historical
orthography) and 2) the scan of that very page as an image.

Sources are in Polish language.

Please analyse both inputs and return *only* a valid JSON object with
two properties:

- "diplomatic_transcription" - a faithful, line-break preserving
transcription that imitates the original spelling and punctuation
as closely as possible; use square brackets [] to mark uncertain
characters.
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- "modern_transcription" - the same text normalised to contemporary
orthography and punctuation (expand contractions, modernise
letters, correct obvious typos, but keep the semantics).

Do not wrap the JSON in Markdown fences; output plain JSON only.

A.3 Historical commentary prompts

O-shot Prompt:

You are an expert historical analyst. Your task is to extract a concise
— historical commentary from the following Polish-language old print
— text. Focus on identifying and clearly describing the following key
— elements:

Period of Time When did the event or situation described take place?
— (Provide specific years or general historical period if not

< explicitly stated.)

Place Where did the event occur? (Indicate the city, region, or
< country.)

Event What is the main historical event or development described in the
<~ print?

Main Participants Who were the key individuals, social groups, or
— institutions involved?

Write the commentary in an informative, academic tone, suitable for
— historical research or archival documentation.

Important: The original text is written in Polish. Interpret accordingly.
Important: Provide additional historical context for the events described
— 1in the text.

The output text should be short, no more than 10 sentences.

Input (Polish old print text):

VERY IMPORTANT: keep the output text as one CONTINUQUS text in POLISH
— LANGUAGE.

{INPUT_TEXT}

5-shot Prompt:

You are an expert historical analyst. Your task is to extract a concise
— historical commentary from the following Polish-language old print
— text. Focus on identifying and clearly describing the following key
— elements:
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Period of Time When did the event or situation described take place?
— (Provide specific years or general historical period if not
— explicitly stated.)

Place Where did the event occur? (Indicate the city, region, or
< country.)

Event What is the main historical event or development described in the
— print?

Main Participants Who were the key individuals, social groups, or
— 1institutions involved?

Write the commentary in an informative, academic tone, suitable for
— historical research or archival documentation.

Important: The original text is written in Polish. Interpret accordingly.
Important: Provide additional historical context for the events described
— 1in the text.

The output text should be short, no more than 10 sentences.

Take the below examples of historical commentaries as a reference:
<example 1>

<example 2>

<example 3>

<example 4>

<example 5>

VERY IMPORTANT: keep the output text as one CONTINUOUS text in POLISH
— LANGUAGE.

Input (Polish old print text):

{INPUT_TEXT}

A.4 Metadata extraction prompt

You are an expert bibliographer and historian specializing in
— early-modern printed sources. Your task is to extract key publication
— metadata from the following Polish-language old print text.

Please analyze the text and extract the following information:
1. *xPublisher Name** - The name of the person, institution, or company

— responsible for publishing the work. If the publisher's name is not
< mentioned in the text, leave the field blank.
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2. *xPlace of Publication** - The city, town, or location where the work
— was published. If the place of publication is not mentioned in the

— text, leave the field blank.

3. *xDate of Publication** - The date when the work was published, in the
— format [after DD roman-month YYYY]. If no exact publication date is
— given in the text, use the earliest date mentioned as the publication
< date. Enclose any uncertain part of the date in square brackets [ ].

Important guidelines:

- Look for explicit statements about publication details in the text

- Consider historical context and common publication practices of the
— period

- If information is not explicitly stated, indicate "Not specified" or
< "Unknown"

- For dates, provide the most specific information available (year,

<> approximate period, etc.)

- For places, provide the most specific location mentioned

- For publishers, include full names when available

Output your findings in the following JSON format:

{

"publisher": "Name of the publisher or 'Not specified'",

"place_of_publication": "City/town where published or 'Not

— specified'",

"date_of_publication": "Year or date when published or 'Not

— specified'",

"year": "Year of events described in the print or 'Not specified'"
}

Do not wrap the JSON in markdown fences; output plain JSON only.
OUTPUT OTHER THEN JSON WILL CAUSE TOTAL SYSTEM FAILURE!

Input (Polish old print text):

{INPUT_TEXT}

A.5 Historical commentary judging prompt

Compare the two historical commentaries provided below. The first is the
— ground truth, and the second is the automatically extracted version.
— Your task is to evaluate how much historical information from the

— ground truth is present in the automatic extraction.

Use the following 3-point scale for your judgment:
1. No common information The automatic extraction contains none of the

— historical information found in the ground truth. Returns true if the
— extracted commentary is in a language other than Polish.
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2. Partial information The automatic extraction includes more than half
— of the historical information from the ground truth.

3. High similarity The automatic extraction contains more than 907 of
— the historical information found in the ground truth.

The commentaries are written in Polish.
Extracted Commentary:

{EXTRACTED}

Ground Truth Commentary:

{GROUND_TRUTH}

Justification:

Final score: <score number 1-3>



