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ABSTRACT

Historical texts are an important source to understand historical
events and societal developments. In traditional literary studies,
such documents are analyzed using close reading, which is tedious
and time-consuming for large text corpora. Thus, computational
literary scholars have adopted and developed automated and quanti-
tative methods that complement and contribute to insights of close
reading. In this case study, we show that text complexity measures
are meaningful additions to these methods. Specifically, we apply
interpretable measures of reading ease and of syntactic and lexical
richness to historical texts and show that the obtained quantitative
results are consistent with findings from close reading.
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1 INTRODUCTION

Digital humanists use a set of methodologies for distant reading and
use them to complement traditional literary studies of individual
texts with investigations of entire corpora. Typical methodologies
are topic modeling [3, 16], sentiment analysis [19], stylometry [1],
and network analysis [14, 21]. The selection of methods and statis-
tical quantities is guided by the nature of the historical text corpus
under investigation, which is often multi-lingual and contains in-
consistent or outdated orthography. Thus, the methods and quanti-
ties of choice are characterized by robustness and interpretability,
rather than by their performance on (modern) text benchmarks.
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In this case study, we investigate the analysis of text complexity
as yet another possible methodology for distant reading. Text com-
plexity measures have been used to date works [20], for authorship
attribution [17], and for the analysis of pulp fiction [10, 11]. We
selected and investigated three statistical quantities that are simple
to compute and interpret: (1) the Flesch reading ease; (2) syntactic
complexity, measured by the normalized perplexity of the sequence
of part-of-speech (PoS) tags; and (3) lexical richness, measured by a
normalized type-token-ratio (T'TR). We apply these quantities to a
multi-lingual corpus of periodicals of the journalistic genre of the
“Spectators” [5] and test hypotheses regarding the complexity of
translations, the impact of topical focus, and how text complexity
of individual authors changed over time. These hypotheses are mo-
tivated from literary studies and targeted at individual periodicals;
as such, one cannot expect that the observed phenomena (e.g., that
some author’s texts become more complex over time) generalize to
other authors or periodicals, let alone to other journalistic genres.
Within the narrow scope of the hypotheses, however, the obtained
quantitative results are in line with insights from literary studies.
This suggests that the considered quantities are valid additions to
the panoply of digital humanities methodologies.

2 CORPUS DESCRIPTION

Table 1: Summary of the used subset of the corpus.

Language Periodicals Issues  Words Unique Words

French 25 1,735 4,052,733 87,686
Italian 13 1,348 3,254,453 125,807
Spanish 23 688 2,037,764 89,782

The “Spectators” originated in 18th century England and quickly
spread and carried ideas of the Enlightenment all over Europe.
These essayistic periodicals feature a variety of narrative forms
such as letters, tales, examples, metaphorical frames, etc. [4, §20]
and ask questions concerning morale, virtue, as well as changes in
society. They comment on literature, art, culture, history, economics,
religion, and other aspects of private and public life.

Our data is part of a digital edition [5] containing roughly 4,000
TEI-annotated! issues in six languages. We focus on the corpora

!Guidelines for Electronic Text Encoding and Interchange. http://www.tei-c.org/P5/
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of French, Italian, and Spanish texts, which contain 61 periodicals,
more than 3,500 issues, and 9 million words (cf. Table 1). Our hy-
potheses in Section 4 focus on selected periodicals of these corpora.

3 COMPUTATION OF TEXT COMPLEXITY

Flesch Reading Ease. The Flesch reading ease [8] is computed
from a document’s average sentence length and the average length
of words in syllables, i.e.,

Syl

N
FRE=C; —-Cy— — C3— 1
1-Cg -G (1)

where S, N, and Syl are the numbers of sentences, words, and
syllables in the document, and where C; through Cs are language-
dependent constants. High values result from short sentences and/or
short words, and thus indicate higher readability.

We computed the Flesch reading ease using the textstat library,
which implements the formula with constants for French [12], Span-
ish [6], and Italian [9]. We removed all sentences with a length less
than four words using nltk, as these most probably account for
sequences of abbreviations or sentence fragments in our corpus.

PoS Information Rate. [23] proposed the PoS information rate
(PoS-IR) as a measure of syntactic complexity. If p; is the PoS tag
of the i-th token in a document with N* tokens, then the PoS-IR is
computed as the ratio between the PoS trigram perplexity

Z*ﬁ Zﬁ; log, P(pilpi-1.pi-2) (2a)
and the PoS unigram perplexity
Z—ﬁ SN log, P(pi) (2b)

where P(p;) and P(p;i|pi—1, pi-2) are the empirical probabilities
(within the considered periodical) of PoS tag p; and of PoS tag
pi following a sequence of PoS tags p;—1 and p;—». This ratio can
be shown to be an estimate of 27! (Pi:Pi-1.Pi-2) Easily predictable
sequences of PoS tags have high I(P;; P;—1, Pi—2) and low PoS-IR.
Thus, high PoS-IR indicates a rich syntactic structure.

We used TreeTagger? to obtain sequences of PoS tags. To miti-
gate finite sample effects, we reduced the number of PoS tags via
grouping as indicted in Table 2 (e.g., we grouped all declensions of
verbs). Instead of 33, 39, and 67 tags we thus only considered 15,
18, and 20 tag groups for French, Italian, and Spanish, respectively.

Normalized Type-Token-Ratio ATTR.. The TTR of a document
with N words is the ratio N, /N, where Ny, is the number of unique
words in the document. Heaps’ law states that the TTR depends on
the document length via N, ~ kN%, where k and @ < 1 depend on
the corpus. Several variations have been proposed in the literature
that remove the dependence on N, e.g., by computing the TTR
on text segments of fixed length [15]. We normalized the TTR
computed on a document by the TTR expected for a document
of this size, where this expectation is computed using Heaps’ law.
Positive values indicate a small vocabulary compared to the corpus.

Specifically, we computed the expected TTR of an issue of length
N as follows: In a first step, we determined the parameters k® and
a® by minimizing the sum of |N,, — kN%|, summed over all issues
of a given language. Then, for a concrete issue of length N, the

Zhttps://www.cis.Imu.de/~schmid/tools/TreeTagger/
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Table 2: Groups of PoS tags considered for the computation
of the PoS information rate.

Language  Grouped  Original

DET Tags begin with DET
VER Tags begin with VER
French PRO Tags begin with PRO
PRP Tags begin with PRP
PUN Tags begin with PUN
DET Tags begin with DET
Ttalian PRO Tags begin with PRO
PRE Tags begin with PRE
VER Tags begin with VER
CON]J ’CC’, "CCAD’, 'CCNEG’,

’CQUE’, "CSUBF’, "CSUBI’, "CSUBX’
NOUN 'NC’, 'NMEA’, 'NP’, ’NMON’
Spanish PRO 'DM’,INT’, 'PPC’, 'PPO’, 'PPX’, 'REL’

PUN ’CM’, "COLON’, 'DOTS’, 'SEMICOLON’

PAL "PAL’, "PDEL’

SYM ’QT’, 'BACKSLASH’, 'SLASH’ 'DASH’, ’ALFS’,
"CODE’, 'FO’,'NEG’, 'PERCT’, 'UMMX’, 'RP’, 'LP’

VER Tags begin with V

normalized TTR is defined as ATTR = (k*N®" — N,)/N. This
definition has some advantage over approaches working with test
segments of fixed length, as they underestimate the lexical richness
if different segments have different vocabulary (e.g., due to a topic
shift). Our normalized TTR considers the document as a whole, but
requires a larger corpus for computation.

4 HYPOTHESES

Our first hypothesis was generated during exploratory data analysis
of the Italian corpus. It appeared that Gazzetta urbana veneta (An-
tonio Piazza, 1787-1798) has a comparatively large vocabulary and,
at the same time, short sentences. In contrast, we noticed longer
sentences in La Spettatrice (1752), the anonymous Italian transla-
tion of Eliza Haywood’s The Female Spectator (1744-1746). These
two periodicals thus appear as outliers, and we want to determine
whether the observed differences are statistically significant.

Second, we perform a longitudinal study of three French peri-
odicals of Jean-Frangois de Bastide, which were published subse-
quently between 1758-1761. Our aim is to determine whether the
text complexity of this author changed over time.

Third, many of the periodicals in our corpus are translations and
adaptations of previously published periodicals. Of particular inter-
est is thus the scenario where an author of periodicals also acted as
translator of a different periodical, and the question whether the
text complexities of translations and original works. To this end, we
investigate the French periodicals of Justus van Effen. Besides pub-
lishing three periodicals between 1711 and 1725, he also translated
Addison and Steele’s The Guardian (1713) from English to French in
1723. Our third hypothesis is that this translation has significantly
different text complexity than van Effen’s original works.

Finally, we hypothesize that periodicals with a strong topical fo-
cus on science and (male) education exhibit higher text complexities
than periodicals focusing on images of women and men, deemed as
examples worthy of imitation, as these latter periodicals should be
accessible to women and men alike. To test this last hypothesis, we
consider two Spanish periodicals, the anonymously published EI
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Regarion general (1803-04) for the former and Beatriz Cienfuegos’
La Pensadora Gaditana (1763-64) for the latter category.

5 RESULTS AND INTERPRETATION

To assess the text complexity of a given periodical, we computed
the quantities described in Section 3 for each issue.> The means
and standard deviations of these quantities are provided in Table 3.
If we make statements regarding whether a periodical is more or
less complex than another w.r.t. a text complexity measure, we
accompany these statements with the p-values of a one-tailed, two-
sample Mann-Whitney-U test performed using scipy. We call a
difference significant if the p-value is below 0.05.

Gazzetta urbana veneta vs. La Spettatrice. As expected, Gazzetta
urbana veneta has a higher Flesch reading ease (p ~ 5 - 107°) than
La Spettatrice. Flesch reading ease depends strongly on sentence
lengths, cf. (1), and close reading showed that La Spettatrice con-
tains long sentences that are often segmented using semi-colons. In
contrast, Gazzetta has a lively style characterized by short sentences
and dialogues. Furthermore, the final sections in issues of Gazzetta
contain notes on theatre plays and other announcements, which are
often formulated as short sentences or sentence fragments. Finally,
in Gazzetta, names are often abbreviated with a period, which may
induce the sentence splitter to create shorter sentences. Surpris-
ingly, La Gazzetta appears to have a more complicated grammatical
structure, as suggested by a larger PoS-IR (p = 0.00065). We cur-
rently do not have an explanation for this, and future work will be
needed to investigate this apparent conflict.

Our statistical analysis confirmed that Gazzetta has indeed a
larger vocabulary (p ~ 3 - 107°). Gazzetta’s broader topic coverage
contributes to this rich vocabulary as much as its topical focus on
theatre, literature, and arts, which introduces many named entities
that are interpreted as unique words. In contrast, La Spettatrice has
a more narrow focus and contains only few named entities.

Longitudinal Study: de Bastide. In the longitudinal study of de
Bastide’s periodicals, Table 3 suggests that text complexity in-
creased along all dimensions: By using longer sentences, a larger
vocabulary, and a richer grammatical structure, de Bastide trained
his readers in developing a more sophisticated style and in express-
ing themselves more eloquently.

However, only the changes in the Flesch reading ease are sig-
nificant, with the decrease between Le Nouveau Spectateur and Le
Monde comme il est being smaller (p ~ 0.014) than the subsequent
decrease to Le Monde (p ~ 4 - 107°). Increases in vocabulary size
(p > 0.1) were not significant. Regarding grammatical richness
Le Monde comme il est has a significantly higher PoS-IR than Le
Nouveau Spectateur at p =~ 0.0016.

We confirmed using both close reading and LDA-based topic
modeling that the significant change in the Flesch reading ease is
not confounded by a change in topical focus. Indeed, the manual
annotation reveals a focus on the idea of man, the image of women,
and love. Similarly, topic modeling discovers a strong focus on
romantic feelings and relationships in all three periodicals. This co-
incides with the fact that de Bastide contributed to the propagation

3Program code for these experiments is available at https://github.com/
distantspectators/DiSpecs/tree/master/text_complexity.
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of the concept of tender love, which surfaced at the beginning of
the second half of the 18th century [7].

Complexity of Translations: van Effen. To investigate whether
the complexity of a translation differs from the complexity of an
original contribution, we compared the three French periodicals of
Justus van Effen (Le Misantrope, La Bagatelle, Le Nouveau Spectateur
francais) with van Effen’s translation of The Guardian, entitled Le
Mentor moderne. Our findings indicate that this translation has
indeed higher complexity w.r.t. Flesch reading ease (p < 3 - 107'2)
and lexical richness (p ~ 0.07 for La Bagatelle, p ~ 0.004 for Le
Misantrope, and p ~ 4 - 107° for Le Nouveau Spectateur francais).
Results regarding grammatical structure are inconsistent, with Le
Mentor moderne being syntactically more complex than Le Nouveau
Spectateur frangais and Le Misantrope (p < 0.035), but less complex
than La Bagatelle (p ~ 2.5 - 107°).

These results are in line with previous findings. Translated texts
were found to have longer sentences [22] and more subordinate
clauses [13], thus potentially a more complicated grammatical struc-
ture. Furthermore, text complexity was shown to change only lit-
tle during translations [2], indicating that the complexity of The
Guardian may have had a strong impact. Finally, we assume that
van Effen used a distinct vocabulary to translate aspects of the Eng-
lish reality of life that differ from that of the European mainland,
thus contributing to Le Mentor moderne’s lexical richness.

Science vs. Image of (Wo)Men. We finally consider the text com-
plexities of El Regarién general and La Pensadora Gaditana. The
topical foci of these two periodicals are vastly different: While El
Regarién mainly covers topics such as theatre, literature, arts, man-
ners and customs, science, and education, La Pensadora focuses on
the image of women and men and on morale. As with other period-
icals, the issues depicting images of women and men were intended
to provide role models for the public. Since there is such a high
number of them in La Pensadora, we assume that this periodical
has lower text complexity than EI Regarion.

Our results reveal that, contrary to expectation, the texts in La
Pensadora have lower Flesch reading ease (p < 3-1071) and a richer
vocabulary (p = 0.00015), while only their grammatical structure is
simpler (p ~ 7 - 1078). One may argue that topics of high semantic
complexity were transported with texts of low complexity. Prelimi-
nary analyses towards this explanation, however, do not confirm
this assumption. An explanation may lie in the writing styles of
El Reganién and La Pensadora. Indeed, the former prefers a direct
communication and lacks text elements such as narratives, which
are more common in La Pensadora. In any case, the statistically
significant differences between these periodicals and their nearly
orthogonal coverage of topics merit closer investigation.

6 DISCUSSION AND LIMITATIONS

We investigated a set of hypotheses about 18th century Spectator
periodicals using three quantities that measure orthogonal dimen-
sions of text complexity: the Flesch reading ease as an indicator
of the lengths of sentences and words; the PoS-IR as a measure of
the grammatical complexity of the text; and the normalized TTR as
a document length-independent measure for lexical richness. We
selected these three quantities for their key strengths, namely i)
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Table 3: Text complexity measure of considered periodicals, as means and standard deviations over all issues of a periodical.

Arrows indicate in which direction complexity increases.

Periodical Author Date no. issues avg. length (words) Flesch | ATTR | PoS-IR T

La Spettatrice [Translation] Anon. 1752 7 12276  40.3(6.2)  0.038 (0.018)  0.138 (0.033)
Gazzetta urbana veneta Piazza 1787-98 245 3888 64.7(7.4)  -0.057 (0.021) 0.147 (0.005)
Le Nouveau Spectateur de Bastide ~ 1758-60 135 3354 67.2(23.6) 0.013 (0.033)  0.156 (0.022)
Le Monde comme il est de Bastide 1760 61 1763  67.1(7.0)  0.006 (0.02) 0.162 (0.008)
Le Monde de Bastide ~ 1760-61 34 3126 58.8(9.8)  0.005(0.035)  0.162 (0.026)
Le Misantrope vanEffen  1711-12 95 2472 69.7(6.5)  0.001 (0.024)  0.159 (0.012)
La Bagatelle vanEffen  1718-19 103 1444 70.0 (7.0)  -0.003 (0.021) 0.168 (0.007)
Le Nouveau Spectateur francais van Effen 1723-25 56 2278 73.6(10.3) 0.044 (0.055)  0.16 (0.016)
Le Mentor moderne [Translation] van Effen 1723 146 1741 62.0(7.4)  -0.006 (0.02)  0.164 (0.008)
La Pensadora Gaditana Cienfuegos 1763-64 52 3155 25.8(16.4) -0.005(0.013) 0.148 (0.003)
El Regafién general Anon. 1803-04 130 2993  43.8 (14.3) 0.007 (0.024)  0.152 (0.005)

their applicability and transferability to multiple languages, ii) their ACKNOWLEDGMENTS

ease of implementation without the need of dictionaries, and iii)
the fact that they are interpretable.

Our results show that significant differences can occur between
consecutively published periodicals of the same author, which is in
line with the findings of [20]. Further, we have evidence that the
complexity measures are influenced by the topical focus, cf. [10],
and the usage of certain narrative forms (short dialogues, fables,
etc.). We finally found that a translated text significantly differed
from other, original texts of the translator, cf. [13, 22].

Considered separately, each complexity measure has its limita-
tions. Shallow measures, such as the average number of words per
sentence, have been criticized as poor measures of readability [18].
The PoS-IR depends on the performance of the tree tagger and,
due to finite sample effects, on the size of the tag sets. Finally, the
normalized TTR requires the documents under consideration to
be part of a larger corpus to fit Heaps’ law. The computation of
all complexity measures is further complicated when considering
historical texts, as they often have inconsistent orthography and
outdated grammar, which affects vocabulary size or confuses sen-
tence and syllable splitters. Finally, the considered measures can
only account for a small subset of text properties that affect how
complex a text is perceived by the reader.

Considered as a whole, however, we have seen that these text
complexity measures often paint a consistent picture, thus reinforce
each other and partly mitigate their individual weaknesses. We
have shown that their application to historical texts is robust due
to their simplicity, and that the obtained quantitative results are
in line or can be explained with existing knowledge in literary
studies (with the usual risks of post-hoc theorizing). Furthermore,
investigating “outliers” in terms of these text complexity measures,
such as Gazzetta urbana veneta and La Spettatrice, can yield novel
insights that may have so far been overlooked with close reading.
Thus, we believe that analyzing text complexity, instantiated by the
considered quantities, is a valid methodology for exploration and
hypothesis testing in the digital literary studies.
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