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Abstract. Seneca’s authorship of Octavia and Hercules Oetaeus is disputed.
This study employs established computational stylometry methods based on
character n-gram frequencies to investigate this case. Based on a Principal
Component Analysis (PCA) of stylistic similarities within the Senecan corpus,
Octavia and Phoenissae emerge as outliers, while Hercules Oetaeus only stands
out when the text is split in half. Subsequently, applying Bootstrap Consensus
Trees (BCT) to a corpus of distractor texts, both disputed plays align with the
Senecan cluster/branch. The General Impostors method confidently reports
Seneca as the author of the disputed plays under various scenarios. However,
upon closer examination of text segments, indications of mixed authorship arise.
Based on computational stylometry, it appears that the disputed plays were in
large part, but not wholly, written by Seneca.

1. Introduction 1

Computational stylometry is a quantitative text analysis method mostly concerned with 2

authorship attribution and authorship verification problems. Authorship attribution 3

involves identifying the most likely author of a disputed document from a give set 4

of candidates (Koppel et al. 2007, 1261). Authorship verification concerns the ques- 5

tion of whether an author wrote a disputed document (Koppel et al. 2007, 1261;Juola 6

2015, i106). The verification task is more challenging than the attribution task, because 7

the verification task involves determining whether an observed similarity in style is 8

sufficient to verify authorship, while the attribution task merely involves picking the 9

most similar author from the given candidates (Potha and E. Stamatatos 2017, 138). It is 10

important to also note that the authorship verification typically involves both close-set 11

and open-set scenarios. In the close-set scenario, the suspected author is one of the 12

candidates provided, whereas in the open-set scenario, the true author may not be 13

among the known candidates. 14

The main assumption behind computational stylometry is that certain words are chosen 15

unconsciously by the writer, which form a unique, individual fingerprint of an author 16

(Evert et al. 2017, ii4). Since these words are predominantly function words that are 17

used in a way that is hard for the author to control, imitating someone else’s writing style 18

is difficult for an impostor. In other words, there is an “immutable signal that authors 19

1

co
nf
er
en
ce
ve
rs
io
n

https://doi.org/10.26083/tuprints-00027394
https://doi.org/10.26083/tuprints-00027394
https://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0001-6809-3635
https://orcid.org/0000-0002-4545-1548
https://ror.org/02e24yw40
https://ror.org/012p63287


A Stylometric Analysis of Seneca’s disputed plays

emit involuntarily” (Päpcke et al. 2022, 1). The utility of function words in traditional 20

and computation stylometric studies can be condensed into four points: richer dataset 21

because of their high frequency, closeness of the set since function words are limited 22

and fixed, content-independent, and, as mentioned above, unconscious use of them due 23

to their high frequency (Kestemont 2014, 60; Beullens et al. 2024, 393–394). 24

The aim of this article is to examine whether Seneca the Younger wrote Octavia and/or 25

Hercules Oetaeus (henceforward: Oct. and H.O., respectively), since they are both 26

tragedies of which a plethora of literary scholars have raised concerns about their 27

attribution to Seneca. We aim to contribute to the debate on Seneca’s disputed texts 28

by applying a variety of computational stylistic methods and testing several different 29

scenarios. We do this using the Stylo software, an R-package created and developed by 30

Eder et al. (2016). 31

The ensuing sections of this study are organized as follows. Initially, a concise litera- 32

ture review is provided addressing Oct. and H.O. (Section 2). Subsequently, Section 3 33

outlines the rationale for selecting a specific set of impostor texts and acknowledges 34

potential limitations associated with the limited transmission of ancient texts and dif- 35

ferences in genre and meter. Section 4 delves into the preprocessing steps and features 36

employed in the study, while also offering a brief explanation of each method utilized 37

in the primary analysis. Section 5 provides a validation of the methods on texts with 38

known authorship. Section 6 presents the main results for the disputed texts and en- 39

gages in a discussion of these findings. Finally we present our conclusions concerning 40

the findings and outline ideas for future research (Section 7). 41

2. Literature Review 42

2.1 Non-quantitative Approaches 43

The disputed texts considered in this article, Oct. and H.O., are Latin tragedies; Oct. 44

is the only fabula praetexta (i.e., an ancient Roman tragedy that has a Roman historical 45

subject) that survived until today from the corpus of Latin dramas (Ferri 2003, 1), 46

whereas H.O. is a fabula crepidata, an ancient Roman tragedy with a Greek subject 1. 47

A lot of arguments have been made over the years by literary scholars to support the 48

idea that Seneca’s stylus could not have written O. According to Philp (1968, 151–153), 49

the principal manuscript traditions for the Senecan tragedies are the traditions E and A 50

as well as some excerpts and fragments. The A recension is the only one that transmits 51

Oct. (Philp 1968, 151; Seneca 2008, 78). Based on the fact that the interest for Senecan 52

tragedies increased at the beginning of the thirteenth century, there is the hypothesis 53

that Oct. was included in the A recension at this time (Gahan 1985; Ferri 2014, 525). 54

Moreover, in both recensions, the texts are given in a different order (Marti 1945, 220).2 55

According to Ferri (2003, 31), the resemblance that Oct. bears with the other Senecan 56

1. It should be noted that extant fabulae crepidatae are attributed to Seneca’s stylus.
2. Manuscript tradition E saves the Senecan plays with the following order: Hercules (Furens), Troades,
Phoenissae, Medea, Phaedra, Oedipus, Agamemnon, Thyestes, Hercules (Oetaeus); Octavia is omitted in tradition E.
Manuscript tradition A gives the Senecan plays with the following order: Hercules furens, Thyestes, Thebais,
Hippolytus, Oedipus, Troades Medea, Agamemnon, Octavia, Hercules Oetaeus. The order of the plays and their
names follow Philp (1968, 151).
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plays and the fact that Seneca “participates” as a persona in the play might have been 57

the reason for classifying Oct. as a Senecan play. 58

Concerning the stylistic aspect of O, the same words are repeated a lot, and some 59

poetic phrases seem artificial rather than the inspiration of the author; in other words, 60

a weakening of the literary power is observed (Herington 1961, 24). Even though in 61

the original Senecan plays the rhetorical style of Ovid was a major influence, the author 62

of Oct. seems not to care about this aspect (Michalopoulos 2020). Moreover, Carbone 63

(1977, 56) argues that it had been impossible for Seneca to know details about events 64

that took place after his death with such great precision (e.g., the death of emperor 65

Nero). Poe (1989, 435) suggests that Oct. is not Seneca’s genuine work, but the product 66

of an imitator with limited literary experience and low levels of creativity when it comes 67

to the provision of conclusions among the scenes. 68

HO also raises some concerns about the attribution of its authorship. As Marshall 69

(2014, 40) points out, referring to Nisbet, the play follows a different approach of play- 70

writing. For example, the length of this tragedy is twice as long as Seneca’s other plays, 71

which makes it the longest extant drama to survive from antiquity (Boyle 2009, 220; Star 72

2015, 255). 73

However, it has been also argued that Oct. and H.O. indeed carry the authorial fin- 74

gerprint of Seneca. Concerning O, in lines 619–621, Agrippina lists some traditional 75

punishments in an effort to predict the tyrant’s (i.e., Nero’s) imminent death (Seneca, 76

Oct. 619–621). In this passage, the demise of Nero appears to be foretold what seems 77

to rule out Seneca as an author. However, some scholars argue that the description 78

of the punishments is not even close to what actually happened to Nero (i.e., suicide) 79

and that it should not be taken as a prophecy that requires knowledge of the historical 80

event of the death of Nero, since the punishments described represent common and 81

mythological punishments (Pease 1920, 390–391). 82

Furthermore, Pease (1920, 390) supports the idea that the public circulation of Oct. is a 83

posthumous event, and that Seneca entrusted the manuscript of the play to friends in 84

order to be published after the death of Nero. This argument – merely a speculation 85

since no additional evidence exists – can explain the inconsistencies in the text which 86

scholars used to argue that Oct. is not a Senecan play. If we follow the line of thought of 87

this argument, someone could hypothesize that Seneca is the author of the play but an 88

editor or a ghost author added or edited some segments of O. 89

With respect to H.O., the argument of the late composition is also used in support of 90

the H.O. as a genuine Senecan play (Rozelaar, 1985; Nisbet 1995, p. 209–212; as cited in 91

Marshall 2014, 40). If H.O. was one of the last tragedies written by Seneca the Younger 92

before his death, this could explain the haste and the anomalies, which might have 93

caused the sheer length of the play in its current form. 94

2.2 Quantitative Approaches 95

There is a plethora of papers that apply computational stylistics to Latin texts, therefore 96

the study of the authorial fingerprint of ancient Latin texts is not something new (e.g., 97

Kestemont et al. 2016; Stover et al. 2016; Stover and Kestemont 2016). However, the 98

number of such papers that consider Senecan texts is much smaller, and more so those 99
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that actually consider the authenticity of the two disputed Senecan plays, Oct. and H.O. 100
per se. 101

Brofos et al. use a machine learning model trained to recognize texts as Senecan or 102

not, namely a “one-class SVM (i.e., Support Vector Machine) with functional n-gram 103

probability features”3. Themodel predicts thatOct. andH.O.were not written by Seneca 104

the Younger (Brofos et al. 2014, 8–9). However, their model also makes, as expected, 105

many misclassifications; it classifies some Senecan texts as non-Senecan, and when the 106

model is augmented with prose texts in addition to tragedies, other authors are also 107

classified as Senecan (Brofos et al. 2014, 9). 108

Nolden (2019) examines the authorship ofOct. andH.O.with a variety of computational 109

stylistics techniques. Nolden (2019) starts with the hypothesis that Oct. and H.O. were 110

probably not written by Seneca, and evaluates various methods in this light, including 111

type-token ratio, compressibility, and dimensionality reduction. The results present 112

a mixed picture: some methods point to a high similarity between all the ten plays 113

attributed to Seneca (including the disputed ones), while other methods point to H.O., 114

but also Phoenissae, as outliers. However, Phoenissae is considered Senecan, so this casts 115

doubt on whether these methods are reliable. In the end, no strong conclusions can 116

be drawn as the differences are small and it is not certain whether the mixed results 117

should be explained as unsuitability of particular methods, or uncertainty of Seneca’s 118

authorship. 119

Lastly, it is worth mentioning the paper by Cantaluppi and Passarotti (2015). Even 120

though the main aim of their paper is to cluster the works of Seneca and to show that 121

certain statistical methods can be effective at detecting the genre of the text, their insights 122

are useful for some of the limitations of the methods used in authorship attribution 123

studies and in the current study as well (e.g., Principal Component Analysis). For 124

instance, they perform their analysis using the full size of the text and as they show the 125

Principal Component Analysis method can be affected by the topic and the genre of the 126

text (see the clustering and the words that appear next to the filenames in Cantaluppi 127

and Passarotti 2015). 128

2.3 Literature Review Conclusion 129

In conclusion, “the language and style of these two tragedies [Oct. and H.O.], how- 130

ever, are identical to the language and style of the others; that is why the discussion 131

of whether these two tragedies are genuine has not yet ceased” (Marshall 2014, 74). 132

Moreover, both of the disputed plays can be considered tricky cases because of the 133

small number of extant Roman tragedies and the fact that Oct. has no equivalent extant 134

tragedy in its genre. Previous computational approaches seem to hastily design the 135

experiments by not taking into account multiple variables connected to the texts per se or 136

by considering these works as non-Senecan and focusing on the evaluation of authorship 137

attribution/verificationmethods and software. Trying to fill this research gap, this paper 138

takes into account as many variables as possible, validates the computational methods 139

3. An SVM is a supervised learning algorithm used for classification and regression tasks. It draws a line or a
plane that maximizes the space between the data points, in our case the texts. It works both in linear (data
points can be separated by a straight line) and non-linear (data points cannot be separated by a straight line)
high-dimensional environents.
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1 110
17

Ovid’s death

Manilius’ flourish(c.)

1 25

50

Phaedrus’ death (c.)

65

Seneca’s and Lucan’s deaths

68

Nero’s assassination (68)

62

Persius’ death

96

Statius’ death

102

Silius’ death (c.)
90

Flaccus’ death(c.)

Figure 1: A timeline of the authors used in the dataset, centered around Nero’s assassination,
Seneca’s suicide and Lucan’s death. The two extremes in our corpus are Ovid and Silius
Italicus.

before it applies them to texts and uses the evaluated methods to contribute and shed 140

new light on the arguments surrounding the authorship of the disputed tragedies. The 141

main research question will be as follows: Were Oct. and H.O. written by Seneca the 142

Younger or are they, at least in their present form, the product of an imitator or mixed 143

authorship? 144

3. Dataset 145

The main dataset employed in this study comprises distractor authors and verse texts 146

that slightly precede and follow the era of Seneca the Younger (c. 4 BCE–65 CE). In the 147

context of computational stylometric approaches, a distractor author, or “impostor”, is 148

utilized for comparison with a disputed text. For clarity, consider a text X attributed 149

to author A, with distractor authors B, C, and D, known not to be the author of X. 150

The soundness of a stylometric method is affirmed by observing significantly higher 151

similarity between X and other texts by A compared to B, C, and D, confirming A as 152

the probable true author or vice versa. In our analysis of Seneca, the dataset includes 153

authors such as Ovid, Manilius, Phaedrus, Persius, Lucan, Valerius Flaccus, Statius, and 154

Silius Italicus (see Table 1). These authors, broadly associated with the literature of the 155

early empire, that wrote within the first century of the Common Era (refer to Figure 1).4 156

In Scenario 5 presented in Table 4 we augment the dataset used by Kestemont et al. 157

Kestemont et al. (2016) with our main corpus (see Table 1, therefore we consider of 158

importance explaining what are the authors and the texts that populate this dataset, as 159

well its main genre. Kestemont’s dataset contains 1850 non-overlapping slices of 1000 160

tokens (for our analysis we split further these texts into non-overlapping slices of 500 161

tokens). The authors and the text present in the dataset are the following: Res Gestae 162

A Fine Corneli Taciti by Ammianus Marcellinus (4th century AD), Orationum Ciceronis 163

Quinque Enarratio by Quintus Asconius Pedianus (c. 9 B.C.E. - c. 76 C.E.), Noctes Atticae 164

by Aulus Gellius (c. 125 C.E. - after 180), Declamationes by Calpurnius Flaccus (2nd 165

century C.E.), Academica, Laelius de Amicitia, Pro Archia, Brutus, Pro Caecina, Pro Caelio, 166

Cato Maior de Senectute, De Divinatione, De Fato, De Finibus, Pro Milone, De Natura Deorum, 167

De Officiis, De Optimo Genere Oratorum, Orator, De Oratore, Paradoxa Stoicorum, In Pisonem, 168

De Re Publica, Topica, Tusculanae Disputationes byM. Tullius Cicero (106 B.C.E. - 43 B.C.E.), 169

4. Karakasis (2018) suggests Titus Calpurnius Siculus’s connection to the reign of Nero, placing him within
the Neronian literature. Due to the ongoing debate on Siculus’s inclusion in this category, we exclude him
from our dataset.
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Historiarum Alexandri Magni Libri Qui Supersunt by Quintus Curtius Rufus (1st century 170

C.E.), Breviarium Historiae Romanae by Eutropius (4th century C.E.), Festi Breviarium 171

Rerum Gestarum Populi Romani by Rufius Festus (c. 370 C.E.), Epitome De T. Livio Bellorum 172

Omnium Annorum DCC Libri Duo by Florus (2nd century C.E.), Historia Apollonii Regis 173

Tyri by unknown, Fabulae by G. Julius Hyginus (c. 64 B.C.E. - 17 C.E.), Ab Urbe Condita 174

Libri by Titus Livius (59 B.C.E. - 17 C.E.), Liber Memorialis by Lucius Ampelius (c. 2nd 175

century C.E.), Commentarii in Somnium Scipionis by Macrobius (flourished 400 C.E.), 176

Octavius by M. Minucius Felix (c. 250 C.E.), Panegyricus Constantino Augusto Dictus by 177

Nazarius (c. 4th century C.E.), Epistularum Libri Decem, and Panegyricus by Pliny the 178

Younger (61-2 C.E. - c. 113 C.E.), De Chorographia by Pomponius Mela (flourished c. 179

43 C.E.), Commentariolum Petitionis by Quintus Tullius Cicero (102 B.C.E. - 43 B.C.E.), 180

Declamationes Maiores, and Institutiones by Quintilian (35 C.E. - after 96 C.E.), Bellum 181

Catilinae, Epistola ad Caesarem I & II, Bellum Iugurthinum by Sallustius (c. 86 B.C.E. - 35/4 182

B.C.E.), De Beneficiis, De Brevitate Vitae, De Clementia, De Consolatione, Epistulae Morales 183

Ad Lucilium, De Vita Beata, De Ira, Quaestiones Naturales, De Otio, De Providentia, and De 184

Tranquilitate Animi by Seneca the Younger (c. 4 B.C.E. - 65 C.E.), Controversiae by Seneca 185

the Elder (c. 55 B.C.E. - 39 C.E.), De Vitis Caesarum-Augustus, De Vitis Caesarum-Gaius, 186

De Vitis Caesarum-Divus Claudius,De Vitis Caesarum-Domotianus,De Vitis Caesarum-Galba, 187

De Vitis Caesarum-Divus Iulius, De Vitis Caesarum-Nero, De Vitis Caesarum-Otho, De Vitis 188

Caesarum-Tiberius, De Vitis Caesarum-Tiberius, De Vitis-Caesaris-Titus, De Vitis Caesarum- 189

Divus Vespasianus, De Vitis Caesarum-Vitellius by Suetonius (c. 69 C.E. - after 122 C.E.), 190

Agricola, Annales, Historiae, Dialogus De Oratoribus by Tacitus (56 C.E. - c. 120 C.E.), 191

Factorum Et Dictorum Memorabilium Libri Novem by Valerius Maximus (flourished 30 192

C.E.), De Lingua Latina, Rerum Rusticarum De Agri Cultura by Varro (116 B.C.E. - 27 193

B.C.E.), Historiae Romanae by Velleius Paterculus (c. 19 B.C.E. - after 30 C.E.). Their 194

dataset has mostly historiographical texts since in their paper they compare their corpus 195

with Caesar’s writings and it covers a huge time span (from the 4th century B.C.E. up 196

to the 4th century C.E.). 197

In authorship verification, the challenge of text and author selection inevitably involves 198

some arbitrary or imperfect choices. This section aims to transparently justify our choices. 199

Following Grieve (2007, 255), texts, disputed or not, are inherently tied to their historical 200

era. Consequently, the dataset is designed to narrow the temporal scope, ensuring 201

a more focused linguistic comparison. However, we should highlight two important 202

aspects that complicate the corpus selection. 203

First, besides the Senecan tragedies, there are no other extant Roman tragedies. Therefore, 204

expanding the timeline is difficult in our case without at the same time increasing 205

the linguistic variation and adding many different genres. Thus, our focus is to run 206

most of the experiments using texts that temporarilly are located relatively close to 207

Seneca’s the Younger era and of the same kind (in verse) 5. Second, there is the issue of 208

the varying meter across the texts (e.g., iambic vs hexametric), which constrains the 209

vocabulary available to the author. For computational stylometry, different vocabulary 210

means different features, and therefore dissimilarity between texts. While we cannot 211

completely resolve this issue, we believe that we can limit its influence by considering 212

patterns of frequent character sequences rather than whole words (see subsection 4.1). 213

5. We do test one scenario where we add historiographical texts in prose that span from the 4th century B.C.E
up to the 4th century of C.E (see the description above about Kestemont’s dataset (Kestemont et al. 2016)).
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In addition to that, prior work on cross-genre and cross-topic stylometry has shown 214

empirically that character-based authorship attribution is robust to such variation (e.g., 215

P. D. Stamatatos et al. 2013, 343). It may be that this robustness also applies to the 216

genre and meter variation in our case. On the other hand, it must be noted that since 217

the disputed plays are compared to Senecan texts in the same genre and meter, while 218

the imposter texts are in a different genre and meter, the likelihood of attributing the 219

disputed plays to Seneca may be increased. 220

Table 1 provides a complete list of authors and texts included in the dataset variations 221

used for each experiment. All works, with the exceptioin of Manilius’s Astronomica, 222

were obtained from the Perseus Digital Library (Perseus Digital Library 2024) 6 because 223

the latter was unavailable from the primary source. Thus, Astronomica was sourced 224

from The Latin Library (The Latin Library 2024) 7. 225

4. Feature Selection and Methods 226

The dataset was preprocessed and analyzed using the R package Stylo (Eder et al. 2016) 227

and The Classical Language Toolkit (CLTK)(Johnson et al. 2021). 228

4.1 Preprocessing and Feature Selection 229

Texts were initially tokenized with consideration for the non-differentiation of the 230

letters “v” and “u” in certain text editions. To ensure orthographic consistency, “v” 231

was uniformly converted to “u” where applicable. Pronoun-culling (i.e., eliminating 232

personal pronouns from the text) was then applied to automatically remove frequency 233

information primarily associated with personal pronouns. This step aims to mitigate 234

the impact of genre, topic, author’s gender, and narrative perspective on the analysis 235

(Hoover 2004, 480; Newman et al. n.d., 233; Kestemont et al. 2015, 206). Given the 236

varied meter of the texts, even within works by the same author, this approach reduces 237

the “noise” in texts due to the topic or the gender of the author. Both orthographic 238

normalization and pronoun-culling followed the predefined steps of Stylo (Eder et al. 239

2016, 110), with details on the pronoun-culling process outlined in Table 3. 240

The extraction of relevant features involves character 4-grams in our study, a choice 241

proven effective in cross-genre and cross-topic authorship attribution (Koppel et al. 242

2009, 12–13; E. Stamatatos 2009, 541–542; Eder 2011, 110; P. D. Stamatatos et al. 2013).8 243

Despite appearing initially inconsequential, character n-grams, particularly of size 4, 244

excel in capturing sub-word level information, including case endings and morphemes 245

(Kestemont 2014, 62–64). In the context of Latin’s highly inflected nature, character 246

n-grams preserve details from lower frequency words such as prepositions and deter- 247

miners (Kestemont 2014, 60–61). Notably, the use of character n-grams eliminates the 248

need for word lemmatization or other normalization, as these features operate below 249

the word level and are language-independent (Daelemans 2013, 4; Kestemont et al. 250

2015, 206). This approach, utilizing plain inflected surface tokens, has demonstrated 251

increased stability compared to lemma/stem-based methods (Stover and Kestemont 252

6. Available at: https://github.com/cltk/lat_text_perseus
7. Available at: https://github.com/cltk/lat_text_latin_library
8. For a very simple and informative definition of n-grams see Hagiwara (2021, 53–54).
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Author Text Filename
Lucan Pharsalia luc_phars_{1-10}

Manilius Astronomica manil_astro_{1-5}

Ovid

Amores
Medicamine Faciei Femineae
Ars Amatoria
Remedia Amoris
Metamorphoses
Fasti
Ibis
Tristia
Epistulae ex Ponto
Epistulae or Heroides

ovid_am
ovid_medicam
ovid_ars
ovid_remed
ovid_meta
ovid_fasti
ovid_ibis
ovid_tristia
ovid_ponto
ovid_epist

Persius Saturae persius_sati_{1-6}

Phaedrus Fabulae phaed_fables_{1-6}

Seneca the Younger

Agamemnon
Hercules Furens
Hercules Oetaeus (disputed)
Medea
Octavia (disputed)
Oedipus
Phaedra
Phoenissae
Thyestes
Troades

sen_ag
sen_her_f
sen_her_o
sen_med
sen_oct
sen_oed
sen_phaed
sen_phoen
sen_thy
sen_tro

Silius Italicus Punica sil.ita_pun_{1-17}

Statius
Thebaid
Silvae
Achilleid

stat_theb_{1-12}
stat_silv_{1-5}
stat_achil

Valerius Flaccus Argonautica valflac_argon_{1-8}

Table 1: Authors and texts included in the dataset. All of the texts are written in verse, albeit
the only plays are the Senecan tragedies. In total, our corpus comprises 90 texts (including the
disputed Senecan plays) and 8 authors to compare against Seneca the Younger.

2016). Slicing words into 4-character packages enhances observations, striking a bal- 253

ance between sparseness and information content (Daelemans 2013, 4–5). In general, 254

character n-grams represent a widely adopted and reliable feature type in stylometry 255

(E. Stamatatos 2009, 541–542; P. D. Stamatatos et al. 2013, 432–433; Eder 2011, 112). In 256

the rest of this paper, we will use the the frequencies of the Most Frequent Character 257

(MFC) n-grams. For example, 2000 MFC refers to the frequencies of the 2000 most 258

common character n-grams. 259

4.2 Methods 260

All of the methods we employ estimate the stylistic similarity of texts as the distance 261

between their features (i.e., character n-gram frequencies). For this we pick the Cosine 262

Delta distance metric, based on its effectiveness in various test conditions and particular 263

effectiveness for inflected languages (Jannidis et al. 2015, 6–8; Evert et al. 2017, ii9– 264
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1) que_ 2) _et_ 3) ere_ 4) _in_ 5) _qua_
6) ibus_ 7) sque_ 8) _qu_ 9) _bus_ 10) usa_
11) _tus_ 12) mque_ 13) _tis_ 14) _qui_ 15) pro_
16) per_ 17) sin_ 18) quo_ 19) con_ 20) non_

Table 2: Most frequent character 4-grams of the entire corpus (wherever there are less than
four characters displayed, the white-spaces are being counted as characters and are displayed
using an underscore).

ea eae eam earum eas ego
ei eis eius eo eorum eos
eum id illa illae illam illarum
illas ille illi illis illius illo
illorum illos illud illum is me
mea meae meam mearum meas mei
meis meo meos meorum meum meus
mihi nobis nos noster nostra nostrae
nostram nostrarum nostras nostri nostris nostro
nostros nostrorum nostrum sua suae suam
suarum suas sui suis suo suos
suorum suum suus te tibi tu
tua tuae tuam tuarum tuas tui
tuis tuo tuos tuorum tuum tuus
vester vestra vestrae vestram vestrarum vestras
vestri vestris vestro vestros vestrorum vobis
vos

Table 3: A list of the 98 inflectional forms of 13 pronouns that are removed from every text of
the corpus as provided by the software Stylo (Eder et al. 2016).

ii10; Eder 2022). Both the validation and main analysis phases utilize the 2000 most 265

frequent character 4-grams (MFCs), a selection supported by studies indicating that the 266

performance of the Cosine Delta plateaus at this threshold for texts in Latin (Jannidis 267

et al. 2015, 6–8; Evert et al. 2017, ii9–ii10). 268

In general, more MFCs leads to better performance since the features capture more 269

stylistic variation; however, beyond the 2000 MFCs, the character n-grams become more 270

rare and are therefore not as informative. Therefore we consider this point as adequate 271

to capture the necessary amount of authorial fingerprint (Jannidis et al. 2015; Evert 272

et al. 2017; Eder 2022). The frequency distribution plot (see Figure 2) illustrates this 273

diminishing informativeness beyond the 2000th character 4-gram. 274

The study employs two exploratory analysis methods and one authorship verification 275

method, presented in ascending order of robustness. Firstly, Principal Component 276

Analysis (PCA) is applied. Secondly, the Bootstrap Consensus Tree (BCT) is introduced, 277

followed by the General Impostors (GI) method, each briefly outlined in the subsequent 278

section. 279

4.2.1 Principal Component Analysis 280

PCA, a widely used unsupervised algorithm in authorship attribution and verification 281

studies, reduces dimensionality by identifying principal components (eigenvectors) that 282

explain feature variation. In this context, dimensionality refers to the number of features 283
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Figure 2: Frequency distribution of the character 4-grams in the whole corpus (i.e., 90 texts
including the disputed plays). The vertical line is set to 2000 to show that characters 4-grams
after this threshold start to become quite infrequent. The result is what we expect to see since
the distribution of the frequency of features in a given text follows Zipf’s law (the frequency 𝑓
of a feature is inversely proportional to its rank 𝑟).

or variables initially present in the dataset (in our case the features that are generated 284

by character n-grams). PCA helps reduce this dimensionality by transforming the data 285

into a new set of variables, where each successive variable captures less and less of the 286

total variance in the data. To preserve maximal data variance, PCA zeroes out smaller 287

principal components, employing only those capturing the highest variance (Vander- 288

Plas 2017, 436). These components position texts in a two-dimensional visualization, 289

enhancing readability for human interpretation but at the same time losing some of the 290

variation information (E. Stamatatos 2009, 545). Similarity in frequency distribution 291

correlates with spatial proximity in the PCA plot, indicating text dissimilarity based 292

on vector dissimilarity. Closeness may reflect temporal proximity, common genre, or 293

shared authorship (Manousakis 2020, 171–172). Isolated data points suggest the oppo- 294

site. Applied exclusively to the Senecan corpus, PCA results use a correlationmatrix due 295

to its invariance to linear changes in units of measurement, making it suitable for scaled 296

variables like relative frequencies of character 4-grams (Jolliffe and Cadima 2016, 6). 297

The correlation matrix accommodates the varied scale changes within the broad range 298

of 100-2000 most frequent character 4-grams (MFCs). 299

4.2.2 Bootstrap Consensus Tree 300

While the Bootstrap Consensus Tree (BCT) originates from the field of phylogenetics, it 301

was introduced as a method for computational stylometry by Eder (2012) and has since 302

been increasingly used to identify authorial and translator fingerprints (Rybicki 2012; 303

Rybicki and Heydel 2013). The fundamental idea behind bootstrapping is to randomly 304
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select a large number of samples with replacement. This process allows us to average 305

the estimates of these samples, thereby enhancing the recurrence of patterns within a 306

document (Jurafsky and Martin 2024, 75–77). Moreover, an assumption of this method 307

is that frequent patterns will reappear many times (robustness), but by increasing the 308

number of iterations and using the consensus strength, we incorporate a larger and 309

thus more diverse number of patterns within a single text (diversity). In other words, a 310

higher number of samples guarantees a greater variety of patterns, making the results 311

more representative of the population. 312

To clarify some of the concepts mentioned in the previous paragraph: Sampling with 313

replacement involves sampling units returning to the data pool, allowing them to appear 314

in multiple data ”snapshots.” This facilitates the identification of frequently occurring 315

patterns but also risks letting outliers excessively impact results. To balance the influence 316

of outlier impact, a large number of iterations is usually preferred (Kuhn and Johnshon 317

2016, 72–73). Moreover, another concept that is being implemented in our approach 318

to further balance the impact of outliers is consensus strength. Consensus strength 319

means that patterns present only in a certain percentage of iterations will be included 320

in the final result. For instance, if we have a consensus strength of 0.5 (i.e., 50%), then 321

only patterns that appeared in at least 50% of the iterations will be included. Unlike a 322

simple dendrogram, a key advantage of BCT lies in its consensus strength, ensuring that 323

more reliable relationships above a specified threshold will influence the final output. 324

Parameters utilized include an MFC n-grams range from 100 to 2000 with a step of 100, 325

and a consensus strength set at 0.5. 326

4.2.3 General Impostors Method 327

The GI method, initially introduced by Koppel and Winter (2014), has won for two 328

consecutive years (i.e., 2013 and 2014) the first places in the PAN competitions for shared 329

tasks in authorship verification (Seidman 2013; Khonji and Iraqi 2014). Since then it 330

has proven effective in authenticating disputed writings attributed to Julius Caesar, 331

attributing the text Compendiosa expositio to Apuleius, and identifying the author behind 332

the pseudonym Elena Ferrante, and (Kestemont et al. 2016; Stover and Kestemont 2016; 333

Savoy 2020). 334

In the context of the GI method, authentication involves determining whether a text 335

is consistently attributed to an author across many comparisons and quantifying the 336

confidence in this determination. Unlike many other authorship attribution methods, 337

the GImethod handles open-set authorship verification problems, allowing for scenarios 338

where the actual author may or may not be among the candidates. 339

The GI method verifies authorship based on the document’s similarity to the purported 340

author’s writings and dissimilarity with impostors. The process is akin to a witness 341

identifying a suspect from a police lineup. Multiple iterations using different subsets of 342

the 2000most frequent character n-grams enhance the robustness of the results (Eder and 343

Rybicki 2013). In each iteration, 50% of each impostor’s text and feautures are randomly 344

selected for analysis, enabling consideration of numerous feature combinations and 345

outlier detection, leading to more reliable outcomes (Eder et al. 2016). The method 346

produces a score between 0 and 1 for each author in the lineup, indicating the proportion 347

of times an author was identified. A higher score reflects greater confidence that the 348
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author wrote the disputed text (Eder 2018). This score not only gauges stylistic similarity 349

but also assesses how consistently an author is identified with respect to the imposters. 350

5. Validation 351

Themethods describedwere assessed acrossmultiple validation sub-corpora (detailed in 352

respective subsections) to measure their efficacy for authorship attribution/verification 353

tasks. Utilizing the Cosine Delta distance metric and a frequency band of the top 2000 354

MFCs 4-grams, no culling parameter was applied to ensure an adequate feature set.9 355

5.1 PCA (Validation) 356

To validate PCA, a sub-corpus was created from the initial dataset, consisting of works 357

by four authors: Ovid, Lucan, Persius, and Statius (refer to Table 1). These authors 358

were chosen due to their temporal proximity to Seneca’s work, despite differences in 359

genre; while Lucan, Ovid, and Statius wrote epic poems, Persius focused on satires. 360

Including Persius’s works in this validation corpus was based on their relatively smaller 361

size compared to the other works, posing a potential challenge for PCA analysis. 362

Demonstrating the method’s emphasis on text variance over author names, three texts 363

had their author names replaced with “unknown.” The filenames were adjusted to 364

unknown_amores for Ovid’s Amores, unknown_theb_1 for Statius’ first book of Thebaid, 365

and unknown_sati_4 for Persius’ fourth Satura. The first two texts were randomly chosen, 366

while the last, due to its small size (392 tokens, including pronouns), posed a challenge 367

for PCA. 368

Figure 3 presents PCA results using the correlation matrix, showcasing the impact 369

of different frequency bands (100 MFC 4-grams in Figure 3a and 2000 MFC 4-grams 370

in Figure 3b). Observation reveals a consistent attribution in both cases, with larger 371

frequency bands showing less distinct clusters. Notably, in Figure 3b, Persius’ fourth 372

Satura and Ovid’s text Medicamina Faciei Femineae exhibit some movement outside their 373

relevant clusters. This deviation could be attributed to the small size of these texts 374

relative to others in the corpus, as text size may influence authorship attribution or 375

verification tasks (Luyckx and Daelemans 2011, 52; Eder 2013, 180). 376

5.2 BCT (Validation) 377

At this point, it is crucial to note that the Bootstrap Consensus Tree (BCT) functions as 378

a consensus, capturing more dimensions and information than PCA due to the robust 379

patterns observed across different iterations (see above subsubsection 4.2.2). 380

In this validation, the corpus is slightly changed, and file names were altered again to 381

demonstrate the independence of the final result (unrooted tree and branches) from file 382

names. Due to its very small size, this time instead of Amores we use Medicamina Faciei 383

Femineae as part of the unknown texts by converting its filename to to unknown_medicam. 384

9. Culling, with a ratio of 20, involves including only words occurring in at least 20% of documents in a
corpus. While enhancing result comparability, especially with balanced corpora, it introduces a drawback.
In unbalanced corpora like ours, with varying document lengths, culling may lead to insufficient features,
resulting in an indistinguishable authorial fingerprint for some authors.
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Figure 3: PCA using the correlation matrix to visualize the results. Figure 3a demonstrates how
the attribution works given a small frequency band (i.e., 100 MFCs 4-grams). On the other hand,
Figure 3b (on the right) demonstrates the authorship attribution given a larger frequency band
(i.e., 2000 MFCs 4-grams).
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Figure 4: A Bootstrap Consensus Tree that was generated using the top 100-2000-100 (start-
end-step) MFC 4-grams and Cosine Delta as distance metric (no culling set); pronoun culling
was applied and a consensus strength of 0.5 was used.

The rest of the “unknown” texts remain consistent as in the previous validation test (see 385

above subsection 5.1). 386

All texts in the test set are accurately attributed to their respective authors using BCT 387

(see Figure 4). Notably, the texts renamed as “unknown,” which presented challenges 388

in PCA (i.e., Ovid’s Medicamina Faciei Femineae and Persius’ 4th Satura), are handled 389

adeptly by BCT, emphasizing the robustness of BCT in authorship attribution tasks 390

regardless of text size (refer to subsubsection 4.2.2 for further details). 391

5.3 GI Method (Validation) 392

The GI method was validated using all known texts in our corpus, excluding the two 393

disputed Senecan plays (O and H.O.), resulting in a total of 88 texts for validation. The 394

Cosine Delta served as the distance metric, and frequency bands ranged from the top 395

100 to 2000 Most Frequent Character (MFC) 4-grams. The method is applied for 100 396

iterations per run to enhance performance. No culling parameter was set, and consistent 397

preprocessing steps were applied, including orthographic normalization (see subsec- 398
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Figure 5: Confusion matrix that shows the results of the GI method on the validation dataset.
P1 value = 0.35 and P2 value = 0.64. The result is based on the author that returned the highest
score for a given text. The two disputed plays, Oct. and H.O., by Seneca the Younger are
excluded from the validation set.

tion 4.1), tokenization and lower-casing, along with pronoun-culling. Subsequently, the 399

GI method was applied to each text in the validation corpus. 400

5.4 Validation Findings 401

The validation indicates effective performance for all methods on the texts within the 402

corpus, with PCA showing limitations for short texts (Figure 3). The BCT method 403

demonstrates robust recognition of authorial fingerprints across varied text lengths, 404

owing to their bootstrapping techniques, culminating in a consensus from multiple iter- 405

ations (see Figure 4). Similarly, the GI method reports a perfect accuracy for attributing 406

the 88 texts (see Figure 5). These findings suggest that the selected frequency band (top 407

100 to 2000 Most Frequent Character 4-grams) is informative for capturing authorial 408

fingerprints, yielding high success rates in each validation scenario. Consequently, the 409

main analysis phase will replicate this process, with a focus on the disputed texts. 410

6. Results and Discussion 411

We first explore the stylometric properties of the Senecan plays using PCA, to see how 412

they relate to each other. When treating the plays as a whole, it can be observed that 413
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Figure 6: PCA correlation matrix of the Senecan corpus of plays (disputed or not). The texts
seneca_oct and seneca_her_o correspond to Oct. and H.O. respectively. In both cases, regard-
less of the size of the frequency band, Oct. and Phoenissae behave as outliers within the
Senecan corpus, whereas H.O. is placed among the Senecan plays. It’s important to highlight
that the percentage shown in PC1 and PC2 varies in each plot because the principal compo-
nents capture different amounts of variance each time.
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Figure 7: PCA correlation matrix of the Senecan corpus of plays (disputed or not), this time
with H.O. split in half. H.O. starts to behave as outlier and Oct. remains among the outliers. It’s
important to highlight that the percentage shown in PC1 and PC2 varies in each plot because
the principal components capture different amounts of variance each time
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from the two disputed texts, only Oct. behaves as outlier within the Senecan corpus of 414

plays (see Figure 6). However, H.O. consists of 11.1147 tokens which, compared to the 415

average size of a Senecan play (excluding Oct.) in terms of tokens, is almost double 416

the size (average size of a Senecan play is 6192.5 tokens). When H.O. is divided into 417

two halves to align its size more closely with the average size of a Senecan play, it shifts 418

away from the cluster of Senecan texts (refer to Figure 7). Meanwhile, Oct. consistently 419

remains outside the cluster of Senecan plays. A possible explanation of why Oct. and 420

H.O. behave as outliers is the fact that when considering the works of a single author 421

using a PCA, the genre-related signal tends to become stronger than the author-related 422

signal (Stover and Kestemont 2016, 659). 423

In addition to that, it should be stressed that in all of the PCA plots Phoenissae also 424

behaves as an outlier within the Senecan corpus, while its authorship is not disputed. 425

An explanation for this behavior could be that Phoenissae is an unfinished play and the 426

shortest text in the Senecan corpus of plays. Furthermore, the aforementioned play has 427

a lot of issues in terms of structure and unity; based on the number of innovations that 428

were attempted in the text, Frank (2018, 1–2) points out that this might be the reason 429

why this text was abandoned by Seneca when he realized the difficulty of this venture. 430

Figure 8 shows a Bootstrap Consensus Tree (BCT) for the Senecan plays alongside two 431

selected authors from the literature of the early empire, Lucan and Statius. Statius is 432

included to test the hypothesis of Ferri (2003, 17–27), suggesting a temporal connection 433

between the composition of Oct. and Statius. The BCT exhibits distinct branches for 434

each author, placing both the disputed plays in proximity to the Senecan works, but Oct. 435
is slightly gravitating towards the center of the unrooted tree. This again highlights the 436

special nature of this specific text. On the other hand, H.O. remains among the Senecan 437

cluster of plays. 438

Regarding the GI method, we test 5 different scenarios. However, since GI returns a 439

confidence score as the final output we need to pick thresholds in order to reject or 440

accept the verification of an author. Stylo provides a method to automatically determine 441

such thresholds using cross-validation (the stylo.optimize() method). For Scenario 442

1, 2, and 3 (see Table 4), this gives thresholds of 0.25 and 0.74 (i.e., under 0.25, Seneca is 443

definitely not the author; above 0.74, Seneca is verified as the author; when the score is 444

in between, no determination can be made). Unfortunately, the cross-validation method 445

is too expensive to run with the larger datasets we use in the rest of our experiments (see 446

scenarios 4 and 5 in Table 4) due to the nested loops and the bootstrapping that takes 447

place which results to an increase of the time complexity of the algorithm. Therefore 448

we will use a conservative threshold of 0.9 for all our experiments. 449

With the GI method, Scenario 1 and 2 confidently attribute Seneca the Younger as the 450

author of the disputed plays (see Table 4). Next, in Scenario 3, we consider the cento- 451

argument by Ferri (2014, 48).10 We do this by identifying and removing lines from 452

the disputed texts resembling those in the Senecan corpus of plays. We operationalize 453

sentence similarity using Tf-Idf (term frequency, inverse document frequency) vectors 454

of the character 4-grams for each sentence, and cosine similarity as the metric for the 455

similarity of pairs of sentences. We identify and exclude all sentences with a similarity 456

10. A basic definition of a cento would describe it as a composition largely comprised of quotations from the
works of other authors.
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Scenario Dataset Results

Scenario 1: The GI method used
against the disputed texts (no
changes were applied to the texts
per se)

90 text samples in verse
written by authors that lived
slightly before and after
Seneca the Younger (see
Figure 1 and 1).

Octavia: 1.0
Hercules Oetaeus:
1.0

Scenario 2: The GI method is
applied to H.O. split into two
chunks.

Same as Scenario 1, but H.O.
split into two chunks.

Hercules Oetaeus
chunk 1: 1.0
Hercules Oetaeus
chunk 2: 1.0

Scenario 3: The GI method is ap-
plied to the two disputed texts.
Oct. and H.O. are cleaned by re-
moving sentences that are above
the similarity threshold (i.e., 0.6)
in terms of cosine similarity.

Same as Scenario 1, but Oct.
and H.O. are cleaned from
similar lines with the rest of
the Senecan corpus of plays.

Octavia: 1.0
Hercules Oetaeus:
1.0

Scenario 4: The GI method is ap-
plied to the two disputed texts
(i.e., Oct. and H.O.). Each text
in the corpus is split into non-
overlapping chunks of 500 words
if their length is above 500 tokens.
This addresses a possible length
bias due to shorter or longer texts.
In addition, it enables checking
formixed authorship throughout
the disputed texts.

Themain corpus, but the texts
are divided into chunks of 500
tokens, resulting in 1257 text
samples.

For the scores
for each chunk,
see Figure 9 and
11

Scenario 5: The GI method is ap-
plied to the chunks of the two dis-
puted plays. This time the texts
are compared with texts in prose
(the dataset is the one used by
Kestemont et al. (2016) but aug-
mented with the chunks of our
impostors dataset). The total size
of this dataset including the dis-
puted plays is 3061 text samples.

A larger dataset of mostly his-
toriographical texts written in
prose (a small number are in
verse), augmented with the
500 token chunks of our main
impostors dataset, resulting
in 3051 text samples. This
dataset includes texts writ-
ten by Seneca the Younger in
prose (e.g., De Ira, De Provi-
dentia, etc.)

For the score for
each chunk, see
Figure 10 and 12

Table 4: All the scenarios tested using the GI method, a brief description of the results, and the
P1 & P2 values for each scenario. The interpretation of the P1 and P2 values is as follows: any
score below P1 suggests a negative answer to the question, ”Can author A be confirmed as the
author of disputed document X?” Conversely, any score above P2 indicates a positive answer
to the same question. Between P1 and P2 lies a ’grey area’ where no definitive conclusions
should be drawn.
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Play Line Score

Phoenissae scelus in propinquo est
O nihil in propinquos temere constitui decet 0.40

Agamemnon eheu quid hoc est
HO quid hoc 0.52

Phaedra anime quid segnis stupes
HO quid stupes segnis furor 0.60

Medea Profugere dubitas?
O Parere dubias? 0.64

Thyestes Viduam relinques?
HO Vitam relinques? 0.71

Phoenissae Et hoc sat est
O nec hoc sat est 0.74

Phaedra quam bene excideram mihi
HO quam bene excideras dolor 0.77

Agamemnon scelus occupandum est
HO scelus occupandum est 1

Table 5: Lines from Senecan and disputed plays with cosine similarity scores. The first two
rows are examples of sentences that did not pass the threshold (< 0.6).

exceeding a threshold of 0.6. The cosine similarity metric measures directional similarity 457

between vectors, irrespective of magnitude or scale (Singhal et al. 2001, 2–3). The pre- 458

sented methodology, when integrated with specific preprocessing procedures including 459

the conversion to lowercase, elimination of punctuation marks (with the understanding 460

that an editor may subsequently reintroduce punctuation marks), and the utilization of 461

character 4-grams as distinctive features, exhibits the capability to discern similarities. 462

This capability is exemplified in Table 5, wherein similarities are identified not only 463

among various declensions of identical terms but also amid permutations in word order. 464

For Oct. from a total 422 sentences, we identified and thus removed 2 (i.e., 0.46%) 465

sentences above the similarity threshold (i.e., 0.6), whereas forH.O., from a total of 1149 466

sentences we identified and removed 33 (i.e., 2,87%) sentences. 467

To address potential length bias and investigate possible mixed authorship throughout 468

the disputed texts, in Scenario 4 each text exceeding 500 tokens is divided into non- 469

overlapping chunks of 500 tokens. This approach, inspired by Rolling Stylometry (Eder 470

2016), simplifies the process by using non-overlapping segments instead of overlapping 471

ones. Note that, Rolling Stylometry works by analyzing text in sequential segments to 472

track stylistic patterns and changes over time within a document or corpus. The results 473

for Scenario 4 (Figure 9 and Figure 11) reveal a nuanced internal composition, uncov- 474

ering authorship diversity within the disputed plays. Although Seneca’s authorship 475

dominates, specific segments warrant attention, as highlighted in Figure 9 and 11. 476

For Oct. we observe a declining pattern in some text segments, especially for chunks 1, 477

3, 6, and 8 (Figure 9 and Table 6). However, excluding chunk 6 and 8 (score of 0.77), the 478

rest of the scores are very close to 0.9 and thus the most prudent inference is that they 479

remain of Senecan origin. Concerning chunk 6 (467-553) and chunk 8 (lines 634-733) the 480

playwriter condenses the time in a way that seems unnatural for Seneca the Younger in 481
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Figure 9: Results of the GI method for O’s chunks (Scenario 4).
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Figure 10: Results of the GI method for O’s chunks using the dataset of Kestemont et al. (2016)
(Scenario 5).
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Figure 11: Results of the GI method for H.O.’s chunks (Scenario 4).
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Figure 12: Results of the GI method for H.O.’s chunks using the dataset of Kestemont et al.
Kestemont et al. (2016) (Scenario 5).
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order to present a large number of events in a small amount of time (Ferri 2014, 307–309). 482

Moreover, in both of the chunks the direct critique to Nero’s reign in this passage can be 483

considered as a task that is difficult to perform by someone (i.e., Seneca) who is working 484

as the advisor of the emperor. 485

Furthermore, building upon the earlier discoveries, Figure 11 illustrates a noteworthy 486

pattern within theH.O. text (see Table 7). Beyond chunk 16 (i.e., line 1297 and onwards), 487

there is a small number of chunks with scores below the specified threshold of 0.9, 488

indicating that they might have not been written by Seneca. This observation to some 489

extent aligns with the hypothesis positing that the first half of the text originates from 490

Seneca, while the remainder was finished by someone else (Tarrant 2017, 97). However, 491

according to our results, most of the chunks in the second half were written by Seneca, 492

which suggests that the second half is a case of mixed authorship, rather than having 493

been completely written by someone else. 494

Lastly, in Scenario 5 we consider the dataset used by Kestemont et al. (2016) which 495

mainly consists of historiographical texts that span from the 4th century B.C.E. until 496

the 4th centure C.E.. We augment their corpus with our current corpus of impostors 497

resulting in 3015 text samples and a mix of texts in prose and verse. Notably, the corpus 498

also contains additional texts by Seneca (in prose). In this scenario, the texts are more 499

dissimilar in terms of genre and chronology. On the other hand, the number of impostor 500

authors is larger (in total 35 authors), should make it more difficult to pick out the right 501

author and increase the reliability of the result (similar to picking out a subject from a 502

larger police lineup). The results for Oct. (Figure 10) are highly similar to the results 503

of Scenario 4 (Figure 9), where the dataset contains only texts in verse but the chunks 504

that indicate mixed authorship grow in number (chunks 1, 2, 3, 6, 8, 10 (see Table 8)). 505

Concerning H.O. (Figure 12 and Table 9), when compared against Kestemont’s dataset, 506

the signal for mixed authorship is becoming stronger too, especially after chunk 13 507

(lines 1027ff.). However, it should be noted again that chunks 6, 16, 22, and 24 still fall 508

very close to the threshold of 0.9, thefefore most likely remain of Senecan origin. 509

Chunk no. Lines Score

Chunk 1 l. 1-102 0.87
Chunk 3 l. 184-276 0.88
Chunk 6 l. 467-553 0.77
Chunk 8 l. 634-733 0.77

Table 6: Chunks of Oct. that return a score below the threshold of 0.9 using the main corpus
split into non-overlapping chunks of 500 tokens. The lines correspond to their online version
in the Perseus Digital Library.

Chunk no. Lines Score

Chunk 16 l. 1319-1398 0.79
Chunk 17 l. 1398-1480 0.56
Chunk 22 l. 1819-1917 0.71
Chunk 23 l. 1918-1996 0.40

Table 7: Chunks of H.O. that return a score below the threshold of 0.9 using the main corpus
split into non-overlapping chunks of 500 tokens. The lines correspond to their online version
in the Perseus Digital Library.
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Chunk no. Lines Score

Chunk 1 l. 1-102 0.49
Chunk 2 l. 102-185 0.79
Chunk 3 l. 185-276 0.46
Chunk 6 l. 467-553 0.47
Chunk 8 l. 634-733 0.62
Chunk 10 l. 825-914 0.59

Table 8: Chunks of Oct. that return a score below the threshold of 0.9 using Kestemont’s
corpus. The lines correspond to their online version in the Perseus Digital Library.

Chunk no. Lines Score

Chunk 6 l. 430-508 0.89
Chunk 13 l. 1027-1149 0.78
Chunk 16 l. 1319-1398 0.83
Chunk 17 l. 1398-1480 0.42
Chunk 18 l. 1480-1573 0.69
Chunk 22 l. 1819-1917 0.88
Chunk 23 l. 1918-1996 0.45
Chunk 24 l. 1970-end 0.88

Table 9: Chunks of H.O. that return a score below the threshold of 0.9 using Kestemont’s
corpus. The lines correspond to their online version in the Perseus Digital Library.

7. Conclusions 510

Our findings underscore the complexity of the authorship verification problem, par- 511

ticularly evident in the case of the disputed Senecan plays, Oct. and H.O.. Across 512

experimental runs, varying results highlight the intricate nature of this challenge in 513

computational stylometry. 514

Paraphrasing Stover and Kestemont (2016, 647), our aim is not to replace existing 515

modes of analysis but rather to illuminate longstanding issues by shedding new light 516

through the application of innovative tools grounded in traditional methods. This 517

analysis underscores the importance of considering genre and meter variations in our 518

conclusions. As previously noted, these two factors can introduce complexities due 519

to their influence on vocabulary. It is impossible to completely remove the influence 520

of variation in meter and genre, thus to mitigate their impact on the final results, we 521

employ preprocessing techniques. 522

Through the validation phase, we demonstrate the effectiveness of these techniques for 523

our task. Consequently, we apply these techniques consistently to generate uniform 524

features for eachmethod. Notably, in the case of the two exploratorymethods—PCA and 525

BCT—Oct. andH.O. emerge as intriguing examples of texts concerning their authorship 526

among the Senecan corpus of plays. In certain instances, they exhibit clustering with 527

the broader set of Senecan plays, while in other instances, they do not. For instance, 528

when using only the Senecan plays, the genre and thus the meter seems to win over the 529

authorial fingerprint and variables like the size of the plays (see the cases of Phoenissae 530

and H.O. in Figure 6). 531
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The initial two scenarios of the GI method confidently verify Seneca as the author with 532

a high degree of confidence (=1.0). Moreover, after removing from both disputed plays 533

lines that are similar to lines from other Senecan plays, the GImethod still verifies Seneca 534

as the author of the disputed plays. Therefore, the stylistic similarity of the disputed 535

plays with the works of Seneca cannot be explained by borrowed phrases. Nevertheless, 536

the fourth scenario highlights segments in Oct. and H.O. that are likely not attributable 537

to Seneca, implying the involvement of a distinct author or editor. By concentrating on 538

the fourth GI scenario for H.O. (refer to Figure 9 and 11) and observing a diminishing 539

trend in confidence after the 13th chunk, though remaining proximate to the average 540

scores for each chunk, we posit that an editor of the text may have edited or added 541

certain portions to the original play, even though it was primarily authored by Seneca. 542

Lastly, the results hold up when the disputed plays are compared with a larger corpus 543

of prose texts, suggesting that our findings are robust. 544

Against this algorithmic confidence, two objections can be made. First, we cannot rule 545

out a highly skilled imitator; however, this seems implausible given the advanced nature 546

of modern stylometry, of which an imitator could not have been aware. Second, the 547

distractor texts differ in genre and meter from the Senecan texts. Unfortunately, it is 548

impossible to construct a perfect distractor corpus, due to limitations of extant texts. 549

Therefore, while our empirical findings cannot positively confirm Seneca as the author 550

of the disputed plays, our main contribution is that, perhaps contrary to expectation 551

given the consensus against Seneca’s authorship, most of the text of the disputed plays 552

is highly stylistically similar to Seneca’s writings. This means that Seneca cannot be 553

ruled out as the author of the disputed plays based on stylometry. Moreover, our results 554

provide evidence for mixed authorship in specific parts of the disputed plays. 555

8. Further Research 556

Deciphering the authorial fingerprint of the Senecan disputed plays requires further 557

investigation and consideration of study limitations. Futurework could take a closer look 558

at the specific text chunks diverging from Seneca the Younger’s style. Employing Rolling 559

Stylometry or using the General Imposters method with overlapping text segments 560

(Eder 2016;Beullens et al. 2024), in collaboration with close reading approaches, could 561

enable identification of authorship at the sentence level and enhance understanding 562

of why these segments differ from Seneca’s style. Moreover, exploring the impact of 563

prosody in ancient languages (e.g., Latin or ancient Greek) on stylometric methods is 564

another avenue for investigation. Controlled experiments using authors that wrote in 565

different meters would make it possible to quantify its effect on the stylometric profile 566

of texts. Furthermore, while the GI method has been shown to be robust and reliable 567

in previous studies, including for Latin (Kestemont et al. 2016), it would be useful 568

to examine and empirically test whether an imitator can successfully deceive the GI 569

method. The Ferrante case shows that the pseudonym of an author who is highly 570

motivated to hide his identity can be unmasked by pinpointing the gender, age, region 571

and city of the author profile (Mikros 2018). A potential improvement would be to use 572

a large language model, which could also detect paraphrases by taking into account 573

semantic similarity. 574
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