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The paper provides a computational analysis of sPeriodika, a historical corpus
of Slovenian periodicals spanning from 1771 to 1914. The authors focus on
ten prominent newspapers within the corpus, employing keyword analysis, word
frequency counts, and concordance analysis to characterise the content and his-
torical development of the Slovenian language. The study describes newspa-
per characteristics through computational methods, relating the findings to the
post-1848 period of intense nation-building. Additionally, it addresses the chal-
lenges posed by low-quality OCR (Optical Character Recognition) in historical
documents. The results are threefold: 1) a quantitative description of the se-
lected newspapers, 2) insights into the historical progression of the Slovenian
language, 3) analysis of the nature of OCR errors within the corpus. The key-
word analysis reveals specific thematic orientations of the newspapers, such
as agriculture, pedagogy, feuilletons, and advertising. It also underscores the
newspapers’ roles in nation-building. The study contributes to the field of digi-
tal humanities by demonstrating how computational tools can unlock historical
insights from digitised textual data, despite the limitations of OCR technology.

Keywords: historical periodicals, keyword analysis, OCR errors, corpus linguistics

1 INTRODUCTION

The last decade saw a significant increase in academic research on historical
newspaper processing (Ehrmann et al., 2023). The applications range from
digitisation efforts and corpora production to computational analysis and the
development of new methods.

sPeriodika (Dobrani¢ et al., 2023) is a recently published corpus of historical
Slovenian periodicals from 1771 to 1914. The corpus is extremely extensive
and is based on the OCR-ed periodicals from the dLib digital library, maintained
by the National and University Library of Slovenia (for the history of digital edi-
tions of periodicals, see (Eiselt, 2015)). It features some of the most important
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periodicals of the time, contributing to increased literacy and nation-building
in Slovenia (Amon, 2008; Dovic¢, 2006).

The paper is a corpus linguistic study as proposed in the original paper by Do-
brani¢ et al. (2024). We selected the ten most prominent news- papers, those
with the highest number of publications. We provide a basic computational
overview of the corpus to characterise its content. Given that the OCR quality
of the corpus is low (yet on par with similar historical OCR-ed newspapers,
(Kettunen & Paakkonen, 2016)), we were interested in whether we can
extract meaningful newspaper characteristics using keyword analysis, word
frequencies, and concordances. The results are threefold. We provide an
overall quantitative-based description of the newspapers, give insight into the
historical development of the Slovenian language, and present an overview of
OCR errors. By providing an overview of the corpus that would take incredibly
long to complete in the absence of digitisation and annotation, we argue that
annotated historical editions are extremely valuable for the Slovenian research
community.

The paper is structured as follows. First, we present related work on historical
newspaper analysis and the historical context of the selected journals. Second,
we describe the corpus and the selected subset of ten periodicals. We char-
acterise the newspapers with keyword analysis, which shows the specifics of
each newspaper, and the list of most frequent nouns, which shows the general
orientation of the newspaper. We compare the periodicals in terms of their
thematic, regional, and religious orientation. Third, we critically evaluate the
results and suggest potential post-processing of the published corpus based
on the keyword analysis. In conclusion, we sum up the findings and present
the options for future research.

2 RELATED WORK

Historical newspapers are used extensively in digital humanities, mostly due
to contemporary digitisation efforts, accessible interfaces for content explo-
ration (Ehrmann et al., 2019), and open repositories. The studies range from
diachronic and comparative analyses to discourse studies, with concept shift
analysis being the most prominent.
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Comparative studies focus on cross-country comparisons (Mayer et al., 2022)
or exploring regional differences (Park & Cordell, 2023). Diachronic studies
often focus on concepts shifts (Marjanen et al.,, 2020; Pivovarova et al.,
2019; Verheul et al., 2022), semantic change (Pedrazzini & McGillivray, 2022),
or topic shift over time (Marjanen et al.,, 2021). Another branch of studies
en-tails a more content-oriented approach, focusing on the emergence of
public discourses (Marjanen et al.,, 2019) or nation-building vocabularies
(Hengchen et al.,, 2021; Schoots, 2023). Some studies also focus on
multilingualism (Marjanen et al., 2019; Mayer et al., 2022), a common trait of
historical news-papers that makes comparative analysis particularly
challenging.

Outside of digital humanities, Slovenian historical newspapers are a popular
research topic. The overwhelming share of the studies focus on the nation-
building processes, particularly after the 1848 March Revolution! (Stergar,
1977). The most comprehensive study is done by Smilja Amon, who presents
an overview of Slovenian journalistic efforts (Amon, 2008). Ljubljanski zvon it-
self provides a great overview of the newspapers in 1885 (Anonymous, 1885).
It lists 34 papers published in Slovenian, with a description, editor, publisher,
and price. The final overview found 8 political papers, 3 political-economic, 4
economic, 4 religious, 4 legal, 2 pedagogical, 5 literary, 1 political-literary, and
3 humorous-satirical.

Other studies primarily focus on Kmetijske in rokodelske novice (Mihelic,
1948), which pioneered journalism in the Slovenian language.? Linguistic anal-
yses are similarly popular. Only a few studies focus on content analysis and
comparison. One such study is done by Stepec (1987), who analyses reporting
on crime in Slovenec and Slovenski narod. Stepec ascertains that the
conservative Slovenec leaves the reporting on crime primarily to the liberal
Slovenski narod, as they see the reporting on crime as un-Catholic and not
serv-ing any purpose. Other research on historical newspapers focused on the
lan-guage question in Slovenski pravnik (Zorn, 1987), news about Istria
(Marusi¢, 2007), fashion in women’s journals (Ilich, 1999), and social-

democrat period-icals (Kermavner, 1962).

1The period before the 1848 March Revolution is typically referred to as pre-March or Vormérz. In

the paper, we refer to the subsequent period as post-March.
2The first Slovenian-language periodical was Lublanske novize by Valentin Vodnik in 1797, but they

were short-lived.
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3 SPERIODIKA

sPeriodika (Dobranic¢ et al., 2023) is a corpus of Slovenian historical newspa-
pers from the 18th, 19th and 20th century. The corpus was created by Do-
brani¢ et al. (Dobrani¢ et al., 2024). As stated by the authors, the basis are
the OCR-ed data produced by different technologies in varying periods by the
National and University Library of Slovenia, upon which they performed addi-
tional cleaning and preprocessing. It is available on the CLARIN.SI repository
and in the noSketch Engine concordancer.

3.1 Description

There are 216 newspapers in the sPeriodika corpus with varying number of
publications (max 28406, min 1). The total number of publications is 148457.
As there is a significant long tail in the distribution of publications per newspa-
per, we decided to analyse the ten newspapers with the highest sum of pub-
lications, which represents 78% of the corpus. We decided on such metric to
capture the periodicals with the largest national presence and a sufficient time
span (Figure 1). Table 1 shows the ten selected newspapers with the number
and share of publications (rounded to two decimal points). The papers’ titles
carry meaning, which broadly defines their content: Agricultural and Artisan
News (Kmetijske in rokodelske novice), Slovenian holder® (Slovenski gospo-
dar), Teacher’s Companion® (U¢iteljski tovari$), Slovenian Nation (Slovenski
narod), Home and World (Dom in svet), The Slovenian (Slovenec), Unity (Edi-
nost), The Ljubljana Bell (Ljubljanski zvon), (Kinder)garten (Vertec), So¢a.®

3.2 Keyword comparison

We used noSketch Engine to extract keywords for all ten periodicals. We com-
pared them to the entire corpus, meaning we extracted words (lemmas as ex-
tracted by noSketch) that are highly represented and thus statistically signifi-
cant for a given subcorpus. Lemmatization was done with the CLASSLA-Stanza

3Gospodar can mean a holder, a lord, a master.

4Tovari§ can mean a companion or a comrade. The newspaper became related to politics only after
1900.

5Soca is a river in Western Slovenia.
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Newspaper no. of publications | % publications | no. of tokens
Kmetijske in rokodelske novice (KRN) 28406 19 29,834,568
Slovenski gospodar (SG) 16009 11 22,602,374
Uciteljski tovaris (UT) 15674 11 24,337,225

Slovenski narod (SN) 14039 9 183,294,799
Dom in svet (Ljubljana) (DS) 11073 7 32,326,449

Slovenec (1873) (SVN) 10897 7 137,506,802
Edinost (Trst) (ED) 8371 6 98,274,429
Ljubljanski zvon (LZ) 3923 3 15,590,800
Vertec (1871) (VT) 3515 2 3,170,465
Soca (SC) 3367 2 38,879,707

Table 1: Newspapers with the highest number of publications in the sPeriodika corpus.

Publication Years of Newspapers

Kmetijske in |
rokodelske novice

Slovenski
gospodar

Uciteljski
tovaris

Slovenski

narod

Dom in svet

(Ljubljana)

Slovenec (1873)

Edinost (Trst)

Ljubljanski zvon

Vertec (1871)

Soca

1850 1860

Figure 1: Publication years for the ten selected periodicals.
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pipeline, as reported in the original sPeriodika paper (Dobrani¢ et al., 2024).
The keyness score, upon which the keywords are identified in noSketch, is com-
puted with a simple maths method (Kilgarriff, 2009) and a smoothing param-
eter N=1 (default).

The formula for the keyness score, also known as "simple maths” (Kilgarriff,
2009), is as follows:

fp mrmfaucx +N
-ﬁ? mrmref+ N

where fpim,.,z,,.; 1S the normalised (per million) frequency of the word in the
focus corpus, fpm,.,. is the normalised (per million) frequency of the word in
the reference corpus, and N is the smoothing parameter.

We analyse the top hundred words and present the first ten in Table 2. We omit
the obvious OCR errors because we want to demonstrate the key content of the
periodical, not the accidental errors. We report the number of OCR errors (per
cent of errors in 100 hits) in the final row.

Kmetijske in rokodelske novice is true to its name. It discusses agricultural
topics (kmetovavec, Zlahen,® Zebec”) and regional news (Kranjska). It was the
first full-fledged Slovenian language newspaper, and as such, it contains cer-
tain archaic words more than the other newspapers (onidan, en malo). The
remaining words cover diverse categories, from newspaper sections (novicar)
and finances (dnar) to news on Russia (rusovski) and national enlightenment
topics (Citavnica).8 Keyword analysis testifies to the wide variety of topics the
newspaper covered and its longstanding central role in the cultural life of Slove-
nians in that period (Stergar, 1977).

Slovenski gospodar is the first paper in the list heavily affected by errors in OCR
(94 %). The 94 % error rate refers to the keyword analysis results, not the en-
tire periodical content. Inspection in a concordancer reveals that, typically,
the letter n is transcribed as a (sloveaski —> slovenski, aas§ —> na$, aemski —>
nemski) and v as 7 (pra7). Other keywords reveal that mistaking ¢ for 6 is also
common. There are also mentions of Stajerc, which is a misliteration of Stajerc.

67lahen means noble and refers to different breeds, from cattle and bulls to fruit trees.

7Zebec is an archaic word for Zrebec and means stallion.

8”Citavnica” was more frequent in the earlier editions of KRN, where it was later substituted with
“Citalnica”.
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It sometimes means a person from the Styria region, but most commonly, it
refers to the Stajerc periodical, published between 1900 and 1918. The tone
is very derogatory since Slovenski gospodar was a pro-Catholic and conserva-
tive periodical, while étajerc was a more progressive pro-German newspaper
(extensively described in (Jezernik, 2022). The few relevant keywords refer
to fairs (sermon), happen (izgoditi), golden coin (fl), school union (Sulverein),
people (Dr Franc Radaj, MP; Franc Kosar), esteemed (vi¢, velecastiti), and posi-
linemec (a mocking expression for pro-German Slovenians).

Uciteljski tovari$ is also true to its name. Most keywords refer to pedagogy
(zavezin,? konvikt, X0 uditeljstvo, uciteljski, lehrerbund, pedagoski,koleginja,
ljudski). There is a political aspect to the debate with continuous mentions
of ”"Slomskar”, which refers to the competing ”"Slomsek Union”, a union of
Catholic teachers. As for "tovariSica” (comrade, colleague, teacher), it is un-
clear whether the word has a political connotation or not, even from collo-
cations. However, the two references to female colleagues (tovarisica and
koleginja) are highly represented in Uciteljski tovaris, indicating the periodical
perhaps treated female colleagues with a higher degree of equality. The peri-
odical does have a much higher frequency of mentions of the two words relative
to the general corpus. However, collocations do not reveal any special differ-
ences in context. Uciteljski tovaris also has a high degree of German loanwords
(Lehrerbund, Lehrer, Volkschule, Lehrerschaft, Gesuche, Vorgeschriebenen)
and mentions of people ((VZrnagoj,11 Jelenc, Maier, Strmsek, Rezek, PoZegar,
Gangl).

Keyword analysis of Slovenski narod reveals many specific sections from the
newspaper. The newspaper regularly published train schedules for Austrian
railways (amstetten, pontabel, selzthal), reports from the Vienna stock ex-
change (prior oblig.), meteorological reports (wind directions), and specific
advertisements (Moll Seidlitz powder, Revaliescere du Barry, Berger Kotran
soap). Some words refer to the leading paragraph in the paper, which gave in-
structions for submissions to the paper (izvoti,1? &etiristopne). There are a few
OCR errors characteristic of the Slovenski narod, perhaps due to the font choice

9Zaveza refers to the Association of Austrian Yugoslav Teaching Unions.
10Konvikt is an educational facility with a full board, mostly for priests.
11Fran Crnagoj was a teacher and businessman.

12This is a wrong lemma of ’izvole’, which means ’should it please them’.
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(tudi, tud,*® ¢el'*) Some of the results might be the result of over-correction,
as Dobranic et al. (Dobranic et al., 2024) report statistic-based joining of split
words (Trammwaydrust, Strazatoplice).

Dom in svet (Ljubljana) is heavily literary and art-oriented. The periodical is
characterised by the names of fictional characters (bodriski nadknez Gotsalk,
Viljenica, Virida, Maruska, Ancka) or authors (Podgori¢an) of stories the pa-
per continually published. Much of their news mentions art pieces (spominiki,
bilina, pasionski) and references publications (a text on cuneiform memorials,
written by F. Sedej and published in the same newspaper). The most surprising
is the heavy influence of the Slavic art world on the paper. Dom in svet regu-
larly writes biographies of Central, Eastern, and Southern Slavic authors, and
lists Slavic publications (especially in Russian, Serbian, and Croatian).

Similarly to Slovenski narod, keyword analysis of Slovenec revels specific sec-
tions of the newspaper, for example, reports from the Vienna stock exchange
(vravnaven, salmov, dunavski, napoleondor, napoleond,!®, waldsteinov), me-
teorology report, and a feuilleton Pismo Boltatovega Pepeta,'® written in a di-
alect (gespud, tku, kokr). There are some recurring advertisements, for exam-
ple, for the Mercur Exchange Limited Company (kurzen), glass-making work-
shop, and an oil paint store. Several keywords refer to South-Eastern Europe
(Croatia, Hungary, Bulgaria), slightly denoting the political orientation of the
periodical. However, we expected a much higher ratio of political keywords
due to the newspaper’s importance in the Slovenian political space. Many key-
words stem from the newspaper’s header, where practical information on the
subscription and distribution of the periodical was given. However, other pe-
riodicals, such as Slovenski narod, Slovenski gospodar, Edinost and Soca, also
had a substantial header. The high prevalence of header words is perhaps due
to the linguistic specifics of Slovenec’s header.

Edinost (Trst), a paper published by the Slovenes in Italy, specifically Trieste,
contains many marketing-related words. Many of them refer to streets or lo-
cations of business (barriera, nuova, vecchia, piazza, galatti), specifically, 68
%. Most are Italian street names, but there are also mentions of Istrian towns

13Both versions of tudi, meaning also.

14Correctly celo or &elo, meaning even or forehead.

15Both terms are literal transcription of napoléon d’or, a gold coin from France.
16 A pseudonym for Srecko Magoli¢ (Steska & Stele, 2013).
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(Pula, Rovinj). Edinost covered the Istrian region until 1902 when the Polit-
ical Society of Croats and Slovenians in Istria was formed (Darovec, 2023,
66). When mentioning the Primorska region, mentions relate mostly to the
weather forecast and the journal’s subtitle (Glasilo politiénega drustva "Edi-
nost” za Primorsko). There are also mentions of currencies (nv€ is an abbrevia-
tion for "novcic”, acoinat 1/100 of “goldinar”) and advertisement space (inser-
atni refers to the newspaper’s department for advertisement). Advertisement
space is characterised by recurring ads for coffee (kava Santos good average),
health services (izdiranje, plombiranje, ambulatorij), and food items (pekarna,
butejka). Like other periodicals of the time, Edinost regularly published train
schedules. "Medpostaja” and ”"Pula” are mostly used in the context of railway
schedules, similar to Slovenski narod, but focused on Italian railways. Railway
schedule news items show that the paper is very practical; it offers advertis-
ing space for local businesses and gives information on transportation. Many
periodicals of the time had similar information (e.g. Slovenski narod).

Ljubljanski zvon was the leading literary publication of the time. Most of the top
ten keywords contain references to literary characters (gojko, samorad, trenk,
abadon, zdenka.). 29 % of keyword results are character names, highlighting
the literary nature of the periodical. However, not all content was fictional.
There are references to Slovniski razgovori (Grammatical discussions), where
the periodical published lectures on proper Slovenian spelling and grammar
(sedanijik, sgl, miklosich, dovrsnik), and Strekelj’s Jezikoslovne mrvice (Linguis-
tic nuggets), where the author was explaining the grammatical composition,
meaning, and origin of certain words (subst). Many keywords are OCR errors,
namely 36 %. The keyword issue with Ljubljanski zvon is somewhat particu-
lar. It is not only that, similarly to Slovenski gospodar, the top keywords are
incorrectly transcribed (OCR-ed) words. The errors are linked intimately to the
literary nature of the periodical. It is the only periodical selected for analysis
that consistently uses diacritics on vowels. Diacritics are uncommon in Slove-
nian, but in the specific newspaper, it was likely used to stress the rhythm and
correct pronunciation of the word. However, this stylistic choice causes issues
for the OCR model.
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Vertec (1871) contains many stories and is, thus, similar to Dom in svet and
Ljubljanski zvon, characterised by literary characters (Marijca, Marijec,”
Katarinka, Ivanek). The ratio of literary character mentions in keyword results
is 38 %. Unlike in other periodicals, the names are predominantly diminutives,
reflecting the newspaper’s orientation towards the youth. However, some-
times, a name refers not to a literary character but to a real person. The peri-
odical listed the authors of correct solutions for its puzzles by name and loca-
tion. Other keywords are bucolic, family- or nature-oriented (dedek, sestrica,
ptiCica, Emrlj, lisica). OCR error rate for this periodical is fairly high, at 36 %.

Soca published several translated works, including Alexandre Dumas’ Three
Musketeers (Athos, Porthos, Artagnan, Aramis) and Count Monte Cristo (Ville-
fort), Henryk Sienkiewicz’s Quo Vadis? (Vinicij) and The Knights of the Cross
(Zbisek), and Maxim Gorky’s Foma Gordeyev. The keywords, in total, include
23 % of character names. There are some regional specialities in the news-
paper, for example, the word "nunc”, which in the Gorizia dialect refers to an
older familiar man. The regional character is also reflected in the mentions of
local political figures, such as Alojzij Pajer-Monriva, a pro-Italian lawyer and
politician, and Ivan Berbug, a political and co-editor of Soca. A fun finding is
the keyword ”prismojenec”.1® "Prismojenec” is a nickname for Primorski list, a
conservative periodical standing in opposition to Soca, similar to how Slovenski
gospodar stood in opposition to Stajerc. So¢a, on the other hand, was content-
wise more similar to Slovenec (Marusi¢, 2005, 326). The periodical contains 53
% OCR errors, making it one of the most difficult periodicals to analyse. A typ-
ical OCR error for this specific periodical is the omittance of the caron (uze,*’
dezelni, drzaven, goriski, u2e). Moreover, the periodical has low-quality im-
ages, making OCR errors even more likely.

3.3 Characterisation by nouns

To further characterise the periodicals, we retrieved lists of the most frequent
nouns for each journal from the noSketch Engine 3. While keywords describe
the particularities of each journal compared to the entire corpus, they are often
skewed towards OCR errors and coincidental recurring feuilleton full of literary

17Marijec is an erroneous lemma for the word Marijca
18prismojenec in Slovenian means a wacko.
190riginally uze.
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characters. To better understand the general nature of each journal, we ob-
served the most frequent nouns. We decided on nouns to avoid having too
many stopwords in the results. Nouns are, generally, a good indicator of the
content.

It turned out, nouns were not very informative. All periodicals contain words
pertaining to the journalistic form, i.e. dates and place names. Some re-
sults are OCR errors, which are the most frequent in Slovenski narod, Edinost,
and Soca. It is expected the OCR error rate to drop, since we only asked for
CLASSLA-identified nouns. However, Edinost was the only periodical where
the error rate increased significantly. The newspaper is so highly characterised
by place names and advertisements, that they overtook OCR errors in keyword
analysis results. The errors in noun results are comparable to other periodi-
cals. Errors aside, the most frequent 100 nouns reveal a general orientation of
each newspaper.

Kmetijske in rokodelske novice prominently features the words country
(dezela) and city (mesto), showing the newspaper’s focus on the city and
countryside relations. It contains references to politics (zbor, vlada, odbor,
poslanec) and to national identity (narod, beseda, jezik). Due to its popu-
larity, the periodical became a central publication for the Slovenian national
movement (Dovi¢, 2023). Slovenski gospodar similarly references politics
(zbor, drustvo, poslanec, volitev, okraj) and city-countryside relations while
also showing its religious orientation (cerkev, nedelja). U iteljski tovaris is
highly focused on pedagogy (Sola, ucitelj, uciteljstvo, otrok, uciteljica, knjiga,
ucenec), with some organisational words inbetween (drustvo, svet, zbor, od-
bor). Vertec is also domain-specific, generally focusing on family (mati, oce,
otrok) and storytelling (Clovek, bog, Cas, mesto, hisa). Slovenski narod, while
littered with single letter "nouns” (i.e. errors), appears as a mostly political
periodical (narod, zbor, vlada, Dunaj, Slovenec, stranka). Slovenec is another
politically oriented periodical (vlada, mesto, drustvo, zbor, narod). Dom in svet
is more contemplative, mostly discussing the position of the man in the world
(human, time, work, life, world, heart), with literary (knjiga, pisatelj, pesem,
jezik) and religious emphasis (cerkev, bog, dusa). Ljubljanski zvon is similarly
contemplative but with much greater literary emphasis (knjiga, Clovek, beseda,
Zivljenje, delo, jezik, srce, narod) and a lack of religious themes. Regional iden-
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tity is stressed in Edinost (Trieste being highly ranked) and Soc¢a (Gorizia). Both
periodicals show political/national orientation (drustvo, narod, vlada).

Kmetijske in rokodelske novice, Slovenski narod, Uciteljski tovaris, Slovenec,
and Ljubljanski zvon also frequently mention Ljubljana, showing their central
geographical orientation. Conversely, Slovenski gospodar mentions Maribor
instead, revealing its focus on the Styrian readers.

Strong nation-building forces in Slovenia defined the late 19th and early 20th
centuries. The media landscape of the time greatly contributed to forming and
expanding ideas of national identity, Slovenian culture, and political emanci-
pation (Amon, 2008). Digitised editions of historical papers enable observing,
comparing, and quantifying nation-building discourses. Below, we provide a
quick glimpse into two nation-building aspects of Slovenian historical news-
papers: the emergence of the ethnonym Slovenian and a comparison of post-
March revolution discourses in Kmetijske in rokodelske novice.

7 of 10 periodicals have the word Slovenian (Slovenec) among the top 30 most
frequent nouns. Uponinspection, the word Slovenian appeared only after 1843
when Bleiweis’s Kmetijske in rokodelske novice was first published. The lack
of the ethnonym ”Slovenian” before 1843 can be partially attributed to many
periodicals before this year being in German due to the strict pre-March censor-
ship (Dovi¢, 2006). However, as Dovi¢ argues (Dovi¢, 2023), Novice pioneered
the ethnonym Slovenia and Slovenians into Slovenian periodicals of the post-
March period.

We examined collocations for the word Slovenec to determine whether the
mentions mostly refer to the periodical Slovenec or the ethnonym. The most
frequent collocates are Croats, Carinthian, and Trieste.? References to the pe-
riodical come in at fourth place, where the collocation is the quotation mark.
Thus, mentions of the periodical appear in quotations, while the ethnonym ap-
pears without them.

2035 an adjective for the Slovenes in
Italy.
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4 DISCUSSION

We characterised the periodicals using two keyword analysis approaches, one
with lemmas and one with nouns. This portrays a landscape of periodical at the
turn of the 19th century, and supplements previous manual analysis of Slove-
nian newspapers. Periodicals are typically characterised by their proclaimed
focus (KRN, UcCiteljski tovaris), feuilletons and advertisements (Dom in svet,
Slovenski narod itd.), or, alas, their OCR errors (Slovenski gospodar).

The identified importance of feuilletons and advertisements aligns with the
previous research on historical Slovenian periodicals. Feuilletons, a part of a
newspaper devoted to fiction, played an important role in the development of
the Slovenian prose (Dovi¢, 2006). Feuilletons were the first public venue for
Slovenian authors to publish their work and reach a wider audience. Of course,
keyword analysis only pointed to specific literary characters, which is expected
as the technique determines words that appear uniquely in the subset. Thus,
one cannot say that keyword analysis pinpointed the importance of feuilleton
—the discovery was incidental.

On the other hand, the importance of advertising space was better charac-
terised by the method. The ratio of editorial to advertisement space was at 4:1
in the late 19th century (Dovi¢, 2006), making advertising space an extremely
relevant part of the newspaper. While some keywords point to specific adver-
tisers, they also point to the general advertising language (inseraten, nvc).

Keyword analysis reveals that the periodicals were published when the stan-
dard Slovenian language was still being formed. Many papers are characterised
by their specific writing of standard Slovenian words. Almost every periodical
has a set of words that characterise their approach to Slovenian spelling. For
example, Kmetijske in rokoldelske novice writes nograd for vinograd (vineyard)
and berz for brz (as soon as). Slovenski narod writes denes for danes (today)
and sklenica for steklenica (bottle). Edinost writes menenje for mnenje (opin-
ion), zvrsetek for konec (end), and Znjo/Znjimi for z njo/z njimi (with her, with
them). Vertec writes otiti for oditi (leave), vzpomlad for spomladi (in spring),
and reksi for je rekel/rekla (said). Even Ljubljanski zvon, which was at the fore-
front of gramamtical efforts at the time, contains words that are considered
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archaic in modern Slovenian, i.e. obsezati for obsegati (to cover), zanimljiv for
zanimiv (interesting), smijati for smejati (to laugh).

Finally, some periodicals have too many OCR errors to properly characterise
them by content (Slovenski gospodar, partially Soca). OCR errors were calcu-
lated on keyword analysis results, which provide the 100 most characteristic
keywords for a given subcorpus. Out of these, we manually labelled OCR er-
rors and summed them. We considered a lack of carons an OCR error since the
word without carons is counted as distinct from the word with a caron (drzaven
vs drzaven) or can mean a different word altogether (Celo/celo). Percentages
are reported for total OCR results. There were, in total, 1000 keyword results,
which contained 266 errors. Note that periodicals were digitised using differ-
ent OCR models, thus leading to periodical-specific errors.

Some OCR errors are recurring and reflect an underlying weakness of OCR
models. The most common errors (24 %) are the letters n, s, or § transcribed
as a. The errors are most common in Slovenski gopodar, the periodical most
affected by OCR errors. The second most common error (21 %) is the lack
of diacritics (stajerski, drzaven), while in the third place (9 %) are diacritics
transcribed as numbers, specifically 6, 7 or 2 (doméyv, reké, uzé, u2e, pra7).
Diacritics are often also transcribed as d (takdj). The preceding letter n often
means the word begins with quotation marks (nkaj, nne, njaz). Conflation is
very common, with ¢ and e (oee, uz¢), i and | (ijubi, nefranklran), c and e (Mari-
jea, evetice), and u and n (néenki) conflated.

Diacritics and carons pose a particular problem in the transcription of sPeri-
odika. Here is an example from Ljubljanski zvon, the only periodical that regu-
larly uses diacritics on vowels to denote word stress (Vertec uses them occa-
sionally):

1. Takd kri¢dlo vse je gbri ndme. (original)
2. Takd kric¢dlo vse je géri ndme. (transcript)

3. ‘'ma krimu’ vse ie gori "Am, (tesseract)

The mistakes visually make sense. ¢ and 4 are transcribed as d (or occasionally
6), 0 as 6, a also as 3, é as C. Nevertheless, issues with transcription limit the
semantic analysis of significant keywords.
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gospodjo staro ckonomiZne Sole naravnost trde, da vse-
gn tegn Gorica ne potrebuje ; drugi zopet pravijo, da bi
moralo &taredinggyo predloziti natwnéne naérte mm_h del.
Kar so tite , jim moramo naravnost povedati, da
pryié okoliséin dobro ne poznajo, drugit i stojé na jako
ozkem stalisén gledd narodnega lacstva i tretjic,
da ne #elé Goriei takega napredka, knkorsnrza zasluzi
zbog svaje maravne krasote in klimatiénega predstva.—
Zahtev druzih pa me moremo prav razwmeti, ker‘ zna-
no nam je, da so drugs mesta, no dosti veéa od Gorice,
kontrahirala velika posojila samo za ozaljSanje in luk-
sus in vendar jim nij bilo potreba predlagati dez. od-
borom natanénili naértov, kateri uze sami na sebi toli-
ko stanejo, da jih ne bo nohaden varéen gos!ml:\r d-.\!
poprej iadelati, dokler nijma popolne gotovosti, da dobi
potrebnega denara.

Figure 2: A section of the Soca newspaper, with a poor scan quality.

Vertec has specific OCR errors. While not exclusive to this periodical, Vertec
suffers strongly from character conflation. Characters and character sets m,
u, and ru are often wrongly transcribed. The errors stem from character (set)
similarity; thus, mis transcribed as ra, ni, orin. U is transcribed as ii, and ru as
ni or m. Vis often transcribed asr, 6 as d or 6.

Slovenec and Edinost have a different problem. In Slovenec, 29 % of keywords
refer to the newspaper’s header. In Edinost, 68 % of keywords refer to Italian
street names. These results do not tell much about the content besides a heavy
influence of specific periodical sections. There are better techniques than key-
word analysis to determine the journal’s content in both cases.

For periodicals with frequent errors in the top keywords, we compared the
frequencies of wrongly ORC-ed words to their original form. The erroneous
"sloveaski” appears 1,855 times in the corpus, while the correct version
"slovenski” appears 45,759. The top keywords cannot be analysed seman-
tically, as all occurrences of the wrong word should be first converted to the
correct form. However, the error is significantly more frequent in Slovenski
gospodar compared to any other periodical. The discrepancy in frequencies
means the error word characterises this particular journal and could be used as
a part of post-processing. In other words, such erroneous words could be sub-
sequently corrected in the selected publication. As Strange et al. demonstrate
(Strange et al., 2014), OCR correction can be crucial for certain text analysis
techniques, such as keyword analysis (and less for others).

Alternatively, the error rate could indicate candidate journals for re-scanning.
Certain scans are already of poor quality or were among the first periodicals
OCR-ed. Contemporary OCR solutions could provide a much better result than
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the existing version. However, scanning the entire corpus again is tedious and
unnecessary. Thus, having a list of candidate periodicals for re-scanning is
a good way forward. Based on our results, Slovenski gospodar and Soca (2)
would benefit from both re-scanning and a modern OCR transcript, while Ljubl-
janski zvon would benefit only from an OCR (scans are already good).

However, contemporary state-of-the-art large language models (LLMs) can al-
ready achieve incredible transcription accuracy. Here is a GPT4-o0 transcrip-
tion of Figure 2: "gospodo staro ekonomicne sole nezavnost trde, da vsega tega
Gorica ne potrebuje; drugi zopet pravijo, da bi moralo staresinstvo predloZiti
natéene nacrte novih del. Kar se ti¢e prvih, jim moramo naravnost povedati, da
prvic okolisin dobro ne poznajo, drugi¢ da stojé na jako ozkem stalis¢u glede
narodnega gospodarstva in tretjic, da ne Zelé Gorici takega napredka, kako-
rSnega zasluzi zaradi svoje naravne krasote in klimaticnega precistva. Zahtev
drugih pa ne moremo prav razumeti, kar znano nam je, da so druga mesta, no
dosti veca od Gorice, kontrahirala velika posojila samo za ozaljSanje in luksus
in vendar jim ni bilo potrebno predlagati deZ. odboru natancnih nacrtov, kateri
Ze sami na sebi toliko stanjo, da jih ne bo nobeden varcéen gospodar dal poprej
izdelati, dokler njim popolne gotovosti, da dobi potrebnega denarja.”

The capabilities of LLMs and large multimodal models (LMMs) can overcome
poor scan quality almost out-of-the-box. They outperform modern OCR so-
lutions in post-OCR correction (Thomas et al., 2024) and in direct OCR (Liu
et al., 2024), even for complex compositions such as old Chinese newspa-
per clippings (Chow, 2024). This opens up exciting venues for historical re-
search (Garcia & Weilbach, 2023), especially in addressing corpora quality
(OCR), but also for content summaries, event detection, trend analysis, and
semantic search.

5 CONCLUSION

Keyword analysis reveals several aspects of the periodicals. Some papers
are characterised by their general content, such as agriculture (Kmetijske in
rokodelske novice) or pedagogy (UCiteljski tovaris). Some are characterised
by the recurring feuilletons they publish (Dom in svet, Slovenec, Vertec, Soca).
Others still are characterised by their advertising space (Slovenski Narod, Edi-
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nost). Slovenski gospodar, unfortunately, contains too many OCR errors for
keyword analysis to reveal meaningful insights. Consistent OCR errors in the
periodicals could be addressed in post-processing.

We substantiated the results with the most frequent nouns to alleviate the is-
sues with keyword analysis. Many newspapers of the time focused on Slove-
nian nation-building, either through reports on (inter)national relations, dis-
cussions of politics, or debates on the role of the language (Kmetijske in
rokodelske novice, Slovenski gospodar, Slovenski narod, Slovenec, Edinost and
Soca)Among these, city vs countryside relations are a prominent topic (Kmeti-
jske in rokodelske novice, Slovenski gospodar). UCljski tovariand Vertec
are domain-specific, rarely discussing topics outside their proclaimed focus.
Slovenski gospodar and Dom in svet reveal the highest religious orientation.
However, many periodicals of the time discussed the role of religion in nation-
building.

The computational overview provides several opportunities for further analy-
sis. For example, one could comparatively analyse the first two Slovenian daily
papers, the liberal Slovenski narod and the conservative Slovenec. A similar
comparative analysis could be applied to Edinost and Socathe two periodicals
of Slovenes in Italy, analysing their overlap and divergences (especially consid-
ering their merger intentions). A much more demanding research could con-
sider analysing differences in advertisements, given that they feature promi-
nently even in keyword analysis. The task is complex because it is extremely
difficult to set the boundaries of individual advertisements. The problem could
be approached by treating periodicals as images (van Galen, 2023) and using
neighbour search to find similar a dvertisements. LLMs can be used for all of
the above tasks, which shows how this technology will revolutionise historical
research in the future, especially when dealing with lower-quality corpora.
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KORPUSNO-JEZIKOSLOVNA ANALIZA KORPUSA SPERI-
ODIKA

Prispevek predstavi racunsko analizo sPeriodika, zgodovinskega korpusa
sloven-skih periodi¢nih publikacij od leta 1771 do 1914. Avtorica se osredotoCi
na de-set pomembnih ¢asopisov iz korpusa, pri Cemeuporabi analizo klju¢nih
besed, Stetje pogostosti besed in konkordancno analizo za karakterizacijo
vsebine in zgodovinskega razvoja slovenskega jezika. Studija opisuje znagilnosti
Casopisov z racunalniskimi metodami ter ugotovitve povezje z obdobjem
intenzivnega ob-likovanja naroda po marcni revoluciji leta 1848. Poleg tega
obravnava izzive, ki jih povzroca slaba kakovost opti¢nega prepoznavanja
znakov (OCR) v zgodovin-skih dokumentih. Rezultati so trojni: 1) kvantitativni
opis izbranih ¢asopisov, 2) vpogled v zgodovinski razvoj slovenskega jezika, 3)
analiza narave napak OCR v korpusu. Analiza klju¢nih besed razkriva specificne
tematske usmer-itve ¢asopisov, kot so kmetijstvo, pedagogika, podlistki in
oglasevanije. Prav tako poudarja vlogo ¢asopisov pri oblikovanju naroda. Studija
prispeva k po-dro¢ju digitalne humanistike s prikazom, kako lahko ra¢unalniska
orodja odkri-jejo zgodovinske vpoglede iz digitaliziranih besedilnih podatkov,
kljub omejitvam tehnologije OCR.

Keywords: zgodovinski Casopisi, analiza klju¢nih besed, OCR napake, korpusno
jezikoslovje
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