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Abstract

Authorship attribution, i.e., determining the
author of a document automatically based
on a reference corpus, is an established topic
in computational linguistics and Digital Hu-
manities. However, state of the art tech-
niques are generally applied to documents of
5000 words or more. This research explores a
method to attribute authorship on paragraph
level, using simulated annealing to incremen-
tally increase the accuracy of classification.

1. Introduction

In 1783, the German philosophers Christian Garve and
Johann Feder published a co-authored review of Kant’s
“Critique of Pure Reason”. Each author took a differ-
ent view on the subject, which has prompted modern-
day philosophers to investigate authorship of this text
on a paragraph level. This task in turn provided the
motivation to develop a stylometric algorithm to auto-
matically determine authorship on this level of gran-
ularity. This abstract describes the iterative applica-
tion of an established authorship algorithm to gradu-
ally improve classification of text fragments using sim-
ulated annealing, applied to works of Garve and Feder.

2. Related work

Stylometry and authorship attribution have received
considerable attention in various research communi-
ties (Stamatatos, 2009). Besides traditional machine
learning approaches such as k-nearest neighbors and
Support Vector Machines, in stylometry Burrows ∆
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(Burrows, 2002) is widely used, which computes the
difference between probabilities of frequent words in a
test sample compared to reference data. The perfor-
mance of ∆ is comparable to other methods (Jockers
& Witten, 2010) with the advantage of simplicity in
parameters. However, for stylometry in general, min-
imum text length constraints do not allow accurate
paragraph-level classification (Eder, 2015).

Figure 1. Fragment from Garve’s Abhandlungen. Transla-
tion: From what we have said so far, we can explain what
is called the Simplicity [. . . ]

3. Data

The current experiments use as source data the
books Sammlung einiger Abhandlungen (G) (Christian
Garve, 1779, Figure 1) and Lehrbuch der praktischen
Philosophie (F) (Johann Feder, 1770), available from
Google Books as scans and OCR results. The narrow
layout of the German Fraktur (Gothic) script causes a
high occurrence of hyphenation, lowering accuracy of
word frequency counts. To address this issue, a word
at the start of a line is appended to the word at the end
of the previous line in case the concatenation is found
anywhere else in the document in the non-peripheral
part of a line. OCR errors have limited impact on
the analysis, since the author attribution algorithm is
based on the most frequent words in a document (see
Section 4), for which the OCR procedure has a rela-
tively high accuracy.
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4. Method

The goal of the current experiments is to classify frag-
ments of 100 words each into two author classes. The
method uses Burrows ∆ as implemented in the stylo

library for the R programming language (Eder et al.,
in press). To address the text length constraints of
the ∆ algorithm the problem is formulated as follows:
given a set T of text fragments, find the best possible
separation of this set into the two author classes.

The set T is constructed by dividing both G and F into
two equal parts, set aside one part of each document as
a combined reference corpus C = CG ∪ CF , dividing
the remaining part of each document into fragments
of 100 words, and combining the two sets of fragments
(791 fragments in total) into T . Next, the set T is
split proportionally to the source documents into two
sets TG and TF . At this stage, both sets contain an
equal proportion of fragments from each author. The
next step of the method consists of a simulated an-
nealing procedure, iteratively swapping a random se-
lection of 10 fragments between the two sets. In each
iteration, ∆ is computed to measure the distance of
TG and TF to CG and CF , respectively. Equation (1)
shows the computation of ∆(TA∈{G,F}), with variables
MFW i as the set of i most frequent words in C, wX
for the relative frequency of word w in X, and wσ,C
as standard deviation of the frequency of w in C. If
∆(TG) + ∆(TF ) is smaller than the best result so far,
then the current swap is retained, otherwise the pre-
vious state is restored. The process is repeated until
convergence, defined as the absence of improvement
for a predefined number m of consecutive iterations.

∆(TA) =
1

i
·
∑

w∈MFWi

∣∣∣∣wTA − wC
wσ,C

− wCA − wC
wσ,C

∣∣∣∣ (1)

5. Preliminary results

To validate the use of ∆ for the current data, in an
initial experiment the proportion of the fragments has
been gradually shifted from one author to the other.
Figure 2 shows a correlation, i.e., increasing the pro-
portion of fragments of an author improves the ∆ score
for this author (and reduces the score for the other
author), although not fully monotonous. As main ex-
periment, the above method has been applied using
m = 1000 and variable i (Table 1).

6. Discussion and future work

The simulated annealing procedure is capable of ap-
proaching ∆ scores for the corresponding original
single-author text, for MFW 50 even exceeding the ref-
erence score. However, the percentage of actually cor-
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Figure 2. Proportion of fragments vs. ∆ score, MFW 100

rectly classified fragments, although significantly im-
proved over the random initialization, is relatively low
(69% at best). This indicates that the same ∆ score
may be reached by documents with a different distribu-
tion of fragments over authors. In terms of stylometry
this means that some fragments do not contribute to
the distinctive ‘style’ of an author, and instead some
fragments by another author are more typical of the
first author than the non-contributing fragments.

Interestingly, during iteration a higher percentage of
correctly classified fragments is occasionally obtained.
In these cases the ∆ score continues to improve, while
the classification percentage moves down and stabilizes
below the intermediate maximum. Both observations
challenge the correlation between ∆ score and propor-
tional distribution of fragments over authors.

Increasing the number of MFWs has a negative effect
on the ∆ score. However, the percentage correctly
classified fragments does increase with more MFWs.

The experiments discussed here provide a some pre-
liminary insight into the problem of paragraph-level
author attribution. Systematic investigation of the
impact of data quality, parameters and other classi-
fication algorithms is necessary to improve the results
further, using the current method as a starting point.

Table 1. Authorship attribution results, best of 5 runs.

MFW i Single-author Init Final Correct

i 50 ∆ 1.75 2.39 1.64 % 59.4
100 1.73 2.42 1.76 62.2
250 1.72 2.44 1.86 66.7
500 1.76 2.45 1.91 69.2
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