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Abstract

In Corpus Linguistics, numerous statistical measures have been adopted to analyze large
amounts of textual data in a contrastive perspective, in order to extract characteristic or
“distinctive” features. While the most widely-used keyness measures are based on word fre-
quency, an increasing number of research papers recently suggested dispersion-based measures
as a better solution. These, however, are not new to Computational Literary Studies (CLS).
In 2007, John Burrows introduced Zeta, a statistical measure that is mainly based on the
degree of dispersion of a feature in a text corpus. In this paper, we also introduce FEta, a new
measure of distinctiveness that is based on deviation of proportions suggested by Stefan Gries.
By comparing Eta with Zeta, we demonstrate that both measures are able to identify rele-
vant, interpretable distinctive words in a target corpus. Additionally, we make a first attempt
to detect the key differences between these two measures by interpreting the top distinctive
words.
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1. Introduction

In Linguistics and Literary Studies, comparing groups of texts — e.g. belonging to
different literary genres or written for different audiences — is a fundamental procedure
(see e.g. [1]). In Corpus Linguistics, numerous statistical measures and instruments
have been introduced and adopted for investigating and analyzing large amounts of
textual data in a contrastive perspective (e.g. [2], [3], [4]). They are usually referred
to as ’keyness measures’, as they operate on a lexical level and are used for extracting
“key” terms or phrases. We prefer the term 'measures of distinctiveness’, as it better
emphasizes that this kind of analysis is about the extraction of characteristic words on
the basis of a comparison (see [5]).

The most widespread keyness measures used in Corpus Linguistics are frequency-based
— for example, the chi-squared test or the log-likelihood-ratio test [6], implemented e.g.
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in AntConc [7]. Recently, several research papers suggested dispersion-based measures as
a better solution for contrastive corpus analysis (e.g. [8], [9], [10]). Apart from that, the
use of dispersion in the search for important text features is not new to Computational
Literary Studies (CLS). In 2007, John Burrows introduced Zeta, a keyness measure that
is mainly based on the degree of dispersion of a feature in a text corpus [11]. Originally,
it was used in the context of authorship attribution, but it later came to be used also to
solve other issues in CLS, including corpus comparison (e.g. [12], [13], [14]).

There are several important studies that explore and evaluate frequency-based mea-
sures (e.g. [15], [16], [17], [18], [19]), and some studies that compare dispersion based
measures to frequency based measures (e.g. [8], [9], [17]). However, as far as we know, no
attempt has been made to compare the dispersion-based measures to each other. In our
project “Zeta and company”! we aim to enhance the understanding of both frequency-
and dispersion-based measures by implementing them in a Python framework. Based
on tests with literary texts we evaluate which measures perform best for different tasks
and kinds of textual data. This article presents a pilot study in our project and it aims
to perform a statistical analysis and a qualitative evaluation of two dispersion-based
distinctiveness measures: (1) Eta, which is based on deviation of proportions (DP),
developed by Stefan Gries; (2) Zeta, which was proposed by John Burrows.?

Firstly, we will explain how Eta and Zeta are calculated. After that, using a collection
of 160 novels of four different subgenres published in France in the 1980s, we will examine
how Eta behaves in contrast to Zeta and how their relationship changes when the segment
length varies. The following questions will be addressed: How useful is Eta as a basis for
identifying distinctive words in one text group compared to another text group? What
are the differences between Eta and Zeta and what results do they display?

2. Keyness analysis: from frequency to dispersion

Despite the dominance of frequency-based keyness measures (e.g. chi-squared test, log-
likelihood ratio test), there are several alternative measures which consider other types
of information like the distribution of words (e.g. t-Test, Mann-Whitney-U-test) and
their dispersion (e.g. Zeta). A helpful overview of the frequency- and distribution-based
measures can be found in [17]. In addition, Machine Learning-approaches (e.g. weights
of a linear SVM) or entropy-related approaches (e.g. Kullback-Leibler divergence, see
[20]) can be used to identify distinctive words in a target corpus.

As already mentioned, the most widely used keyness measures in Corpus Linguistics
are frequency-based and they do not consider how the particular words are distributed
within a corpus. This means that a word can be marked as distinctive for the entire
target corpus, even if it just appears very frequently in a small number of texts. For
illustration, Figure 1 presents the result of an analysis carried out using AntConc’s log-
likelihood ratio test on our working corpus (described below): keywords where extracted

'See: https://zeta-project.cu/en/.
2We have implemented both measures in our Python framework. See: https://github.com/
Zeta-and-Company/pydistinto.


https://zeta-project.eu/en/
https://github.com/Zeta-and-Company/pydistinto
https://github.com/Zeta-and-Company/pydistinto

Corpus Files

Andrevon_Cauchemar.txt
Andrevon_Faudra.txt
Andrevon_Oreille.txt
‘Andrevon_Produira.txt
Andrevon_Trace.txt
Brunner_Chimeres.txt
Brunner_Noire.txt
Brunner_Ville.txt
Brussolo_Aussi.txt
Brussolo_Portrait.txt
Coney_Crocs.txt
Curval_Habite.txt
Curval_Jouer.txt
Curval_Odeur.txt
Farmer_Odyssee.txt
Fayard_Chasseurs.txt
Heinlein_Age.txt
Heinlein_Route.txt
Heinlein_Vagabond.txt
Houssin_Argentine.txt
Jeury_Croix.txt
Jeury_Demons.txt
Klein_Reve.txt
Leourier_Homme.txt
Leourier_Ti-Harmog.txt
Ligny_Dark.txt
Ligny_Furia.txt
Pohl_Promenade.txt
Ray_Malpertuis.txt
Silverberg_Deserteurs.txt
Silverberg_Guetteurs.txt
Silverberg_Revivre.txt
Spinrad_Chants.txt
Spinrad_Miroirs.txt
VanVogt_Conquete.txt
Volkoff_Guerre.txt
Volkoff_Metro.txt
Volkoff_Tire.txt
'Vonarburg_Silence.txt
Zelazny_Enfant.txt

Concordance} Concordance Plot] File View] CIusters,‘N-Grams] Collocatesw Word Listw Keyword Li5t]

Keyword Types: 3282 Keyword Tokens: 953915 Search Hits: 0

Rank Freq Keyness Effect Keyword
1 1003 + 2349.53 225574.7765 elisa

2 898 + 2102.19 201949.7999 weller
3 895 + 2024.31 25071.8501 fran

4 636 + 1419.11 17787.4823 laird

5 590 + 1390.89 265399.7371 twern

6 555 + 1254.92 24874.9753 craig

7 522 + 1230.58 234799.7674 quellen
8 733 + 1193.62 1565.9074 lou

9 486 + 1132.07 109249.8917 loose
10 477 + 1124.49 214549.7875 roditis
11 552 + 1108.34 4676.9183 sue

12 466 + 1098.56 209599.7924 brof

13 450 + 1060.84 202399.7995 cornut
14 520 + 1046.78 4774.9952 vaisseau
15 447 + 1040.29 100474.9004 rob

16 490 + 1037.49 7774.9922 beyle
17 428 + 1008.97 192499.8093 talhael
18 630 + 985.33 1361.3388 planéte
19 416 + 980.68 187099.8146 akrén
20 401 + 945.32 180349.8213 rufo

21 475 + 939.64 4174.9958 green
22 505 + 938.48 2813.4587 star

23 392 +924.1 176299.8253 vados
24 377 + 888.74 169549.832 harker
25 372 + 876.95 167299.8342 kaufmann
26 364 + 858.09 163699.8378 rhésus
27 387 + 854.63 14412.4856 pol

28 339 + 799.15 152449.8489 risa

29 418 + 773.55 2749.9972 noyés
30 320 + 722.52 23899.9762 cosmonaute
31 329 + 712.68 10474.9895 hard

32 301 + 709.57 135349.8659 dolcevita
33 300 + 707.21 134899.8663 steinhardt
34 546 + 691 765.14 maria
35 287 + 676.57 129049.8721 angers
36 302 + 657.2 11224.9888 linda

37 337 + 655.01 3691.2462 sammy
38 277 + 652.99 124549.8766 carioca
39 293 + 651.25 16381.2337 barrett
40 454 + 648.39 1034.9989 greg

41 543 + 641.41 658.8502 mars
42 2058 + ©638.63 121.5548 terre
43 272 + 628.73 61099.9394 elena
44 272 + 628.73 61099.9394 persona
45 12686 + 616.6 32.4646 nous
46 261 + 615.27 117349.8837 archim
47 260 + 612.92 116899.8841 alféo
48 256 + 603.49 115099.8859 keraij
49 257 + 593.48 57724.9427 yor

50 267 + 583.22 11914.9881 cari

51 236 + 556.34 106099.8948 stapole
52 273 + 547.36 4624.9953 senor

Figure 1: Log-likelihood ratio test with AntConc.

from a comparison of 40 French science fiction novels (as the target corpus) with 120
French novels of other subgenres (as the comparison corpus).® It turns out that the

3 AntConc 3.5.9 (see [7]) was used with the following keyness parameters: Log-Likelihood (4-way)
and a p-value cut-off of 0.001. The measure of effect size shown is DIFF.



top-ranked words are almost entirely proper names. Each of them appears only in one
novel of the target corpus, albeit very frequently, and likely not at all in the comparison
corpus and therefore cannot truly represent the entire target corpus. In order to obtain
more meaningful results, proper names should be pruned from the list.

To deal with this challenge, the dispersion of a feature, which is the degree of an
even distribution of a feature, should be considered as well (on dispersion, see [21]; for
the use of dispersion for keyness analysis, see [8]). Gries ([9]) gives a detailed overview
of dispersion measures and proposes his own measure, called deviation of proportions
(DP).

DP compares the difference between observed and expected relative frequency of a
word in every single document of the corpus in order to quantify the dispersion of the
word:

DP is calculated as follows: for each corpus part (e.g., a file), compute s,
which represents how much of the corpus it constitutes (as a fraction of the
whole corpus) and v, which represents how much of the word in question it
contains (as a fraction of the word’s frequency). Then subtract all s-values
from all v-values, take the absolute values of those differences, sum them up,
and divide by two.[10]

DP = > i Isi — vil
2

The theoretical range of DP values is between 0 and 1. A value of 0 reflects a perfectly
even dispersion, while a value of 1 represents a maximally uneven dispersion. This
measure seems to have several advantages compared to other dispersion measures. For
example, it can handle corpus parts of different lengths and it can distinguish between
slight variations in distribution without being overly sensitive. However, there is still a
lack of empirical evidence supporting the use of DP.

As mentioned before, Burrows’ Zeta also considers dispersion and it is calculated by
comparing the document proportion (docP) of each feature in the target and in the
comparison corpus. At first, each text in each group is divided into segments of a
certain length (segment length is a key parameter of the measure). For each word w in
the vocabulary, docP is calculated by establishing the proportion of segments in which
the word occurs at least once, so docP ranges between 0 and 1.

In order to find out whether a word is distinctive for the target coups, the docP or
devP? values of the word in the target and the comparison corpus must be compared,
respectively. Based on docP and devP, two measures of distinctiveness can be defined.
The Zeta score of (w) is the subtraction of docP in the comparison corpus from that in
the target corpus (see [22]). Therefore, the theoretical range of the Zeta score is between
-1 and 1. The words with the highest Zeta scores are the most distinctive words of the
target corpus. By analogy, and using devP instead of docP as the measure of dispersion,
a new measure of distinctiveness can be defined, which we call Eta. It is obtained by

*We use devP instead of DP to better distinguish between the two terms.



subtracting the devP of a word (w) in the comparison corpus from the devP of the same
word in the target corpus. Contrary to docP, a small devP of a word reflects a more even
distribution of a feature in a corpus. It is therefore expected that the devP of distinctive
words in the target corpus is smaller than the devP of these words in the comparison
corpus. So the words with the lowest Eta scores are the most distinctive words of the
target corpus.” As we can see here, although Zeta and Eta are both dispersion-based
measures, they have a different mathematical definition of dispersion. As Eta takes into
account the ratio of document size and corpus size, which Zeta doesn’t, we intend to
test whether or not Eta performs better in detecting distinctive words than Zeta.

3. Tests and results

3.1. Corpus

The corpus used in this study is a collection of 160 novels published in France between
1980 and 1989. 120 of them are lowbrow novels of three subgenres (40 novels for each
subgenre): sentimental novels, crime fiction and science fiction. The remaining 40 are
highbrow novels. The corpus size is approximately nine million words. All texts have
been lemmatized using Treetagger and the units of calculation are lemmas. As our goal
was to extract distinctive lemmas for each subgenre, we used a one-vs-rest strategy: the
target corpus contains 40 novels of one subgenre and the comparison corpus contains 120
novels of the other three subgenres. This allowed us to focus on extracting distinctive
features that are strongly related to the unique characteristics of the target corpus.’

3.2. Statistical observations

The results of our comparative analysis are two lists of words which are ranked by their
Zeta or Eta scores, respectively. To compare the differences of Zeta and Eta, we measure
the ranking correlation between the two word lists using Spearman’s rank correlation.
The stronger the correlation, the less different these two word lists are. We performed
tests on four comparison groups: sci-fi vs. non-sci-fi, etc. for each genre. The results of
these four tests were almost the same. For illustration, the results presented below are
based on the comparison of sci-fi vs. non-sci-fi.

As it is common to split novels into segments when applying Zeta, we also wanted to
examine the impact of the segment size on the results. So we did our tests using three
segmentation strategies: split all novels into (1) 5000-word segments, (2) 10000-word
segments and (3) take each novel as a segment without chunking. (The median length of
the novels is about 46800 words.) For (1) and (2), segments shorter than 5000 or 10000
were removed from the corpus.

50nly words which appear at least once in both corpora will be considered here and in the following,
because devP does not yield meaningful results otherwise.

5The texts contained in the corpus are in-copyright texts that we are using in the framework of the
“Text and Data Mining Exception” defined in German copyright law (§60d Urhg), following the EU
“Directive on Copyright in the Digital Single Market”. While the corpus cannot be shared as it is, we
plan to publish derived features (see [23]) that allow others to repeat our calculations.
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Figure 2: Scatter plot of docP and devP of words in the target corpus.

Before comparing Zeta and Eta, we first compared the underlying values: the docP
and the devP. Again, Spearman’s correlation between the word rankings based on these
two dispersion measures was analyzed. In both corpora, the ranking correlations of the
three tests with different segment length are -1, -1, and -0.98, respectively. Figure 2
illustrates the relation between docP and devP for all words in the target corpus.” Each
blue point represents a word and the three graphs from left to right show the results
of the tests on 5000-word segments, 10000-word segments and novel segments without
chunking, respectively. Clearly, devP and docP have a strong negative correlation, but
the distribution of points in the three graphs from left to right becomes increasingly
dispersed. This means that the longer the novel segments are, the less similar the word
list rankings between devP and docP are.

The comparison of Zeta and Eta leads to identical results. The strong negative correla-
tions between the word rankings in the three tests are -0.99, -0.99, and -0.85, respectively.
Each blue point in Figure 3 represents a word and the x and y axes are the Zeta and
Eta scores for each word. The three graphs from left to right show the results of tests
on 5000-word segments, 10000-word segments and entire novels, respectively. We can
observe that the distribution of points gradually becomes more dispersed. This means
that the longer the novel segments are, the less similar the Zeta and Eta scores are.

Comparing the top distinctive words found by Zeta and Eta for each subgenre, we can
often observe the same words, but in a different order. To quantify these differences, we
calculated the token based Jaccard similarity and NLTK’s edit distance between the top
ten to 500 Zeta and Eta words for different segment lengths.® In Figure 4, the first and

"The scatter plot of docP and devP of words in the comparison corpus is almost the same as that in
the target corpus, so it will not be displayed again.

8The Jaccard similarity (see [24]) calculates the size of the intersection divided by the size of the
union of two word lists without considering the ranking of words. Larger values indicate a greater overlap
between the top Zeta and Eta words. In contrast to the Jaccard similarity, the NLTK’s edit distance
(https://www.nltk.org/api/nltk.metrics.html#nltk.metrics.distance.edit_distance, see Levenshtein edit-
distance, [25]) takes the ranking of words into consideration and counts the number of words that need to
be substituted, inserted, or deleted, to transform one list into another. Larger values indicate a greater
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Figure 3: Scatter plot of Zeta and Eta.
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Figure 4: Jaccard similarity (top row) and NLTK's edit distance (bottom row) between the top 10
to 500 Zeta- and Eta-words, for three segment lengths.

the second row are the Jaccard similarity results and the NLTK’s edit distance results,
respectively. The four columns are the results of each of the four subgenres (from left
to right: highbrow, crime, sci-fi and sentimental) taken as a target corpus. The results
of both Jaccard similarity and NLTK’s edit distance show an increasing trend. The
increase of the Jaccard similarity indicates that, as the number of top words increases,
the overlap of the Zeta and Eta word lists increases gradually. Splitting novels into
shorter segments leads to a greater overlap. In contrast to this result, the increase of the
NLTK’s edit distance shows that the words are ranked more differently with the increase
of the number of top words. These observations also prove our earlier point: the shorter
the segments, the more words have the same or similar rank in both lists.

difference between the Zeta and Eta word lists.



Zeta (5000) | Translation Translation Eta (5000)
1 humain human brain cerveau
2 | cerveau brain /?ﬂ planet planéte
3 | planéte planet -~ human humain
4 | atteindre | achieve; center centre

reach \ /

5 s

centre center number nombre

= .

& [ nombre number system systéme
7 & - i 5

systéme | system emit émetire
8 | émettre emit - universe univers
9 | univers universe - screen ecran
10 | écran screen P achieve; reach | atteindre

Figure 5: Top ten Zeta (left) and Eta (right) words of a 5000-word segment analysis.

SEMANTIC ZETA | ETA
CATEGORIES
1 | lifeform human, brain
2 | space planet, universe
3 | spatial data center
4 | computation number
5 | technology system, screen
6 | movements achieve, emit

Figure 6: A heuristic categorization of the top ten words of the 5000-word segments analysis.

3.3. Interpretation of the word lists

Figure 5 shows the top ten distinctive Zeta and Eta words of the science fiction corpus
split into 5000-word segments. Both word lists contain the same genre-specific words
with a slightly different ranking.
To better illustrate the results of the different tests, we assigned the words to semantic
categories. Figure 6 shows the (heuristic) categorization of the words of the first test.
Figure 7 shows the results of the analysis with 10000-word segments: there are only



Zeta (10000) | Translation Translation Eta (10000)
1 humain human emit émettre
2 | cerveau brain — brain cerveau
3 émettre emit hundred centaine
4 planéte planet computer ordinateur

\

5 systéme system level niveau
6 | niveau level P civilization civilisation
7 univers universe electronic &lectronigue
8 | nombre number function fonctionner
9 base base complex complexe
10 | centaine hundred / planet planéte

Figure 7: Top Ten Zeta and Eta words of a 10000-words segment analysis.

SEMANTIC ZETA ETA
CATEGORIES
1 | lifeform human, brain brain,
2 | space planet, universe planet
3 | spatial data
4 | computation number,
5 | technology system
6 | movements emit emit

Figure 8: A heuristic categorization of the top ten words of the 10000-word segments analysis (the
words in yellow are new compared to the 5000-word segment analysis).

five overlapping words in the top 10 words. The top 30 Zeta words, however, contain
more of the highly ranked Eta words than vice versa.

If we compare the two Zeta word lists in Figures 5 and 7, we notice that the Zeta
words do not change much with the increased segment length: There are three new
words in the top ten list, “level”, “base” and “hundred”, whereas the words “human”,
“brain”, “planet”, “universe”, “number”, “system” and “emit” can already be found
in the first Zeta word list, which indicates a certain consistency. The Eta word list in
turn displays more new distinctive words ( “civilisation”, “level”, “complex”, “hundred”,
“computer”, “function”, “electronic”). However, the words of both lists can be assigned
to the previously defined semantic categories (Figure 8).

Figure 9 shows the word lists of our third analysis, where a whole novel represents a



Zeta (novel) Translation Translation Eta (novel)
1_ orbite orbit partial partiel
2 civilisation civilization chemical chimique
3 terrestre earthly functioning fonctionnement
4 ordinateur computer broadcasting | diffusion
5 électronique electronic diameter diamétre
6 robot robot hypnotic hypnotique
7 magnétique magnetic radiation radiation
8 humanité humanity criterion critére
9_ concept concept govern régir
10 | nucléaire nuclear vertebral vertébral

Figure 9: Top ten Zeta and Eta words of the novel as a segment analysis.

segment. It is noticeable that there is no intersection between the words of both lists;
only two of the top ten words of each list can be found in the other, namely under the
top 25 (Eta rank 14: “concept”; Eta rank 23: “nuclear” / Zeta rank 19: “chemical”;
Zeta rank 14: “functioning”).

While the Zeta list contains words like “humanity”, “civilization”, “space”, “orbit”,
“earthly”, “computer”, “electronic” and “robot”, which seem to fit into the previously
established semantic categories and represent more general terms from everyday lan-
guage, the Eta words like “diameter” or “vertebral” are more specific and sophisticated
and open up further semantic categories from the fields of science (Figure 10). This
tendency of extracting more new specific words by Eta becomes even stronger when the
segment length increases up to novel length, while the Zeta words stay more general. As
Eta words seem more specific, our assumption is that they should be less frequent than
the Zeta words in a much larger corpus. To verify this, we checked the frequency of the
top Zeta and Eta words in the French Wikipedia.” Figure 11 shows that the top (10, 50
and 100) Zeta words are indeed more frequent and therefore less specific than the Eta
words. This effect is stronger, the longer the segment length is.

9The frequency of words in Wikipedia are obtained from http://redac.univ-tlse2.fr/corpora/
wikipedia_en.html. If a word doesn’t exist in the frequency table, the frequency is set to 0.
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SEMANTIC ZETA ETA

CATEGORIES
1 | lifeform humanity, civilization govern
2 | space orbit, earthly
3 | computation partial, diameter
4 | technology computer, electronic, robot functioning
5 | physics magnetic, nuclear radiation
6 | chemistry chemical, diffusion
7 | anatomy vertebral
8 | psychology hypnotic
9 | theories concept criterion

Figure 10: A heuristic categorization of the top ten words of the novel as a segment analysis (the
categories in yellow are the ‘new’ ones, established for the third analysis).

top_n_words = 10 top_n_words = 50 top_n_words = 100
50000
340000
c
5]
& 30000 measure
":I Il zeta
D 20000 = eta
<)
0
5000 10000 text 5000 10000 text 5000 10000 text
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Figure 11: Word frequency of top Zeta and Eta words in French Wikipedia.



4. Conclusion and future work

This paper presents a comparison of two measures of distinctiveness, Zeta and Eta.
The results show that on the statistical level, both of them have a very strong negative
correlation, despite their different basis for calculation. Another observation is that
the correlation between Zeta and Eta is stronger when novels are divided into shorter
segments. We obtain the weakest correlation when novels are not split into segments
at all. This correlation is also reflected in the word lists: the shorter the segments, the
more similar the word lists and vice versa. The calculation of the Jaccard similarity
allowed us to observe the following trend: The Jaccard similarity decreases, when the
segment length increases.

The observed similarities concern word rankings as well: We observe not only (almost)
the same words in the top ten ranking when calculating with small segments, but the
word-rankings are also almost the same in both word lists. The calculation of the
NLTK’s edit distance between word lists verified our observation: The distance between
the word-rankings increases when the segment length increases.

A qualitative interpretation of the word lists confirmed the statistical observations.
Both measures are able to identify relevant interpretable distinctive words in a target
corpus. There is no need to use stop words or to prune proper names: Both dispersion-
based measures mark content words as distinctive. It seems that when the segment
length increases, the Zeta words remain content-related and more general, while the Eta
words also remain content-related, but become more specific. We are going to investigate
this phenomenon in further tests.

In the future, we plan to deepen our understanding of distinctiveness measures even
further. Our next steps are to test the measures on larger and more varied corpora
and make more experiments with segment length. We are also planning to include
other distinctiveness measures in our framework, such as Kullback-Leibler Divergence,
Wilcoxon signed-rank test or T-test. One point to emphasize is that the qualitative
interpretation of the word lists may seem very subjective and it looks more like an
exploration than an evaluation. This is inevitable, because as far as we know, a widely
accepted robust method for a qualitative evaluation in this area is still lacking. Therefore,
we will work on developing new evaluation strategies for these measures, in order to
explore the advantages and disadvantages of each of these measures and to find out for
which purpose they should be used.
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