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Computational stylometry

Example: Dating services automated user content control

Has a user managed to select a correct gender?

Female author
LÁSKA (LOVE)

(contains love ⇒ female & doesn’t contain money ⇒ female) → 60%
FEMALE

Female author
Hledám blı́zkého člověka pro spokojený a harmonický rodinný

život...Možná, že se objevı́š v téhle specifické virtuálnı́ sféře..
(I am looking for a close person for a happy and harmonious family

life... Maybe you’ll show up in this particular virtual realm...)

(contains family ⇒ female & contains harmony ⇒ female & contains
virtual world ⇒ male) → 60% FEMALE

Female author
Přečtěte si profil a snad to napovı́ vı́c...

(Read the profile and hopefully it will tell you more...)

(is short ⇒ male) → CANNOT DECIDE
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Hledám blı́zkého člověka pro spokojený a harmonický rodinný
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Jan Rygl, Aleš Horák IA161 NLP in Practice 04 – Stylometry 3 / 31



Computational stylometry

Definition

Computational stylometry develops techniques that allow us to find out
information about the authors of texts on the basis of an automatic
linguistic analysis of those texts.

Application

1 forensic analysis (plagiarism, disputed authorship of suicide notes,
blackmail letters etc.)

2 human resources profiling (describe and explain the causal relations
between psychological and sociological properties of authors on the
one hand, and their writing style on the other)

3 supportive authentication (biometrics, e.g. in e-learning)

4 propaganda detection (manipulative style recognition)

5 literary research (resolving disputed authorship)

6 basic research on the linguistic properties of text determining style
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History

Mendenhall, T. C. 1887.
The Characteristic Curves of Composition. Science Vol 9: 237–49.

The first algorithmic analysis

Calculating and comparing histograms of word lengths

Authorship verification of Shakespeare’s plays

Oxford, Bacon
Derby, Marlowe
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Information about author

Stylometry techniques can reveal following information:

1 gender,

2 region of origin,

3 age,

4 personality (extraverted or introverted),

5 education level,
6 indication of the identity of the author:

▶ authorship attribution,
▶ machine generated text detection:

⋆ spam detection,
⋆ automatic translation detection,

7 etc.
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Stylometry techniques

Computional stylometry

transform text → vector of characteristics/features (based on
linguistic analysis)

learn weights of each feature from labelled documents

analyze features of new/unknown document to find its label
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Stylometry

Authorship recognition through stylometry

clean text (deduplication, boilerplate removal, remove markup tags)
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Stylometry

Authorship recognition through stylometry

morphological analysis
je byt k5eAaImIp3nS

spor spor k1gInSc1

mezi mezi k7c7

Severem sever k1gInSc7

a a k8xC

Jihem jih k1gInSc7

<g/>

. . kIx.

</s>

<s id="2">

Jde jit k5eAaImIp3nS
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Stylometry

Authorship recognition through stylometry

syntactic analysis
13 reformovat 41 p

14 svoje 42 p

15 ekonomiky 43 p

16 . 44 p

17 <CP> 20 p

18 <CLAUSE> 20 p

19 <CLAUSE> 20 p

20 <CLAUSE> 22 p

21 <SENTENCE> -1 p

22 <VP> 21 p
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Stylometry

Authorship recognition through stylometry

extraction of the set of stylometric features
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Stylometry

Authorship recognition through stylometry

Stylome – author writeprint (from author’s documents)

Author analysis:

1 Range: typical feature
values for that author

2 Consistency (deviation):
which features are most
important

3 Corpus similarity: which
features are uncommon
in corpus
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Feature extraction process

Build training corpus

1 consists of texts similar to examined data

2 used to find the most common N-grams, stop words, . . .

3 bigger is better

Text normalization (same for training corpus and analysed data)

1 remove markup tags (HTML, XML) and decode encoded entites

2 remove automatic text headers, quotations (e-mails)

3 replace URLs, images, keys, . . . by custom tag
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Feature extraction process

Text preprocessing

1 annotate document (tokenization, morphological and syntactic
analysis, entity and collocation detection, date and time recognition,
. . . )

2 save documents as object consisting of original text (needed for
extending features and debuging) and all analyses outputs

Training: Feature extraction, normalization and selection

Given F features, generate feature vector {ff 1, ff 2, . . . , ffF} for each
document.

Normalize each feature fi (linear function Sfi with target domain
⟨0, 1⟩ or ⟨−1, 1⟩)
Feature selection F => F ′.
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Feature extraction process

Analysis

Use F ′ features, generate feature vector for each document.

Scale each feature fi using function Sfi

Process of document analysis

Pipeline consisting of:

1 Text normalization function: raw text ⇒ clean text

2 Text annotation functions: clean text ⇒ support objects containing
morphological, syntactic and semantic information about text

3 Feature extraction: support objects ⇒ feature vector

4 Feature scaling (normalization): feature vector ⇒ scaled feature
vector
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Stylometric-technique categories

Categories

1 morphological

2 syntactic

3 lexical

4 other

Assumptions

Author has:

1 unique active vocabulary

2 favourite phrases and word n-grams

3 a certain level of knowledge of grammar (mistakes)

4 personalized handling of typography
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Author’s characteristic features

Word/Sentence length statistics

Count and normalize frequencies of:
▶ selected word lengths (eg. 1–15 characters)
▶ word per sentence length
▶ character per sentence length

Modification: word-length frequencies are influenced by adjacent
frequencies in histogram, e.g.:

1:30 % 2:70 % 3:0 % 1:70 % 2:30 % 3:0 % 1:0 % 2:60 % 3:40 %
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Author’s characteristic features

Author gender

Detect sentences written in the first person

Extract author’s gender if possible

včera jsem byla v Brně a viděla
(I was in Brno yesterday and I saw)

Wordclass (bigrams) statistics

Count and normalize frequencies of word classes/word class bigrams

verb is followed by noun with the same frequency in selected five
texts of Karel Čapek
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Author’s characteristic features

Morphological tags statistics
Count and normalize frequencies of selected
morphological tags

Karel Čapek: family gender and archaic
words have the most consistent frequencies

Word repetition

Analyse which words or wordclasses are frequently repeated through
the sentence

Karel Čapek: nouns, verbs and pronous are the most repetetive
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Author’s characteristic features

Syntactic Analysis

Extract features using syntactic
analyzer

(We verify authorship with syntactic analysis.)

Karel Čapek: syntactic trees have
similar depth
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Author’s characteristic features

Other stylometric features

language independent:

typography (number of dots, spaces, emoticons, . . . )

errors

vocabulary richness
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Author’s characteristic features

Document comparison

Example: comparison between two different authors
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Similarity weights learning

Double-layer ML technique

binary: decide same vs different authorship

1 Extract document features for
each author characteristic

2 apply learnt weights

3 Compare documents to
obtain a similarity vector

4 ML classifier predicts probability
of the same authorship

Lorem0ipsum0dolor0sit0amet,
consectetur0adipisicing0elit,
sed0do0eiusmod0tempor
incididunt0 ut0 labore0 et0 dolore0 magna0
aliqua.0 Ut0 enim0 ad0 minim0 veniam,0
quis0 nostrud0 exercitation0 ullamco0
laboris0nisi0ut0aliquip0ex0ea0commodo0
consequat.0 Duis0 aute0 irure0 dolor0 in0
reprehenderit0 in0 voluptate0 velit0 esse0
cillum0dolore0eu0 fugiat0nulla0pariatur.0
Excepteur0 sint0 occaecat0 cupidatat0
non0proident,0sunt0in0culpa0qui0officia0
deserunt0mollit0anim0id0est0laborum.
Duis0aute0irure0dolor0 in0reprehenderit0
in0 voluptate0 velit0 esse0 cillum0 dolore0
eu0fugiat0nulla0pariatur.
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Implemented morphological stylometric features
Overview

Distribution of word lengths
▶ Naive word length distribution
▶ Improved word length distribution
▶ Word trigram length distributions

Distribution of sentence length
▶ Naive sentence length distribution
▶ Improved sentence length distribution
▶ Sentence-trigram length distributions

Word repetition
▶ Naive counting word repetition
▶ Bag of words repetition
▶ Wordclass repetition
▶ Distance between repeated words
▶ Sentence positions of repeated words

Word class n-grams
Morphological tags n-grams

▶ Morphological tags n-grams
▶ Relative freq. of simplified morphological tags

Presence of letter-casing in sentences
▶ Presence of casing sequences
▶ Presence of indexed casing sequences

Word suffixes
▶ Stemmer based word suffixes
▶ Parameter based word suffixes

Word richness
Dynamic stopwords
Punctuation

▶ Punctuation rel. frequency
▶ Punctuation position rel. freq.
▶ Punctuation n-grams in a sentence

Dynamic Typography
Distribution of character sequences
Emoticons

▶ Presence of emoticon n-grams
▶ Emoticon categories n-grams

Character n-grams
Syntactic analysis
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Authorship recognition (Czech texts)

Balanced accuracy: Current (CS) → Desired (EN)

books
essays

newspapers
blogs

letters
e-mails

discussions

sms

Verification:

books, essays: 95% → 99%

blogs, articles: 98% (20% uncertain)

twitter (>50/author): 99%

Attribution (for blogs):

up to 4 candidates: 80% → 95%

up to 100 candidates: 40% → 60%

Clustering:

the evaluation metric depends on the
scenario (50–60%)

Minister Prize for Security Research

Jan Rygl, Aleš Horák IA161 NLP in Practice 04 – Stylometry 25 / 31



Propaganda detection

Propaganda detection

8,000 articles from 4 propaganda news servers:
cz.sputniknews.com, parlamentnilisty.cz, ac24.cz and
svetkolemnas.info

annotation for 8 manipulative techniques: blaming, labelling,
argumentation, emotions, demonizing, relativizing, fear mongering,
and confabulation

detection tool
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Propaganda detection



Current results

Propaganda detection

label MAX of test f1 weighted

demonizing Total 95%
relativizing Total 92%
fear mongering Total 91%
labelling Total 83%
emotions Total 85%
confabulation Total 80%
blaming Total 74%
argumentation Total 71%
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Remarks on the stylometric analysis tasks

If using linear models, discretize or divide features (e.g. feature avg.
world length convert into short, average and long words relative
frequency features)

Think if you analyse:
1 seen classes (for authorship attribution, we know all candidates, for

gender prediction, there is only fixed number of genres) or
2 unseen classes (unknown authors, age wasn’t present in train data):

more difficult, requires tricks using features of the data domain

Think about your target audience:
1 just the result is important (automatic data classification)? Experiment

with feature combinations and all possible features.
2 Do people want to examine results and evidence (court experties)?

Features must be comprehensible (add explanations of tags, don’t use
too complicated features). Be prepared to explain why a feature was
selected (linguistic background).
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Competitions and Evaluation

regular conferences and evaluation forums:

PAN – Plagiarism Analysis, Authorship Identification, and
Near-Duplicate Detection
https://pan.webis.de/events.html

topics: Authorship Verification, Fake News Detection, Style Change
Detection, Plagiarism Detection, ...

CLEF – Conference and Labs of the Evaluation Forum
https://www.clef-initiative.eu/

topics: Information Extraction, Humour Detection, Text
Simplification, Political Claims Verification, ...

FIRE – Forum for Information Retrieval Evaluation
http://fire.irsi.res.in

topics: Anaphora Resolution, Emotions and Threat Detection, Hate
Speech Identification, Text Summarization, ...
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