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ABSTRACT
The aim of the article is to evaluate and address the limits of an existing approach to the
analysis of the thematic concentration of text. To overcome these limits, the article proposes
and applies both a modiﬁcation of the measurement of thematic concentration – known as
secondary thematic concentration and proportional thematic concentration – and methods for
their statistical testing. The results show that the modiﬁcation, as well as the application of
the proposed tests, enhances the possibilities for analysing the thematic characteristics of
text. The article uses 20 Slovak texts of the same genre written by one author.

INTRODUCTION
Every meaningful text, written or spoken, is produced with some goal or
goals. Of course, there is an inﬁnite number of these goals (for instance, the
transmission of a message, a deliberate lie, a command, fun, “killing time”,
etc.) and an inﬁnite number of ways to achieve them. Despite a huge variability of potential goals and means of their linguistic realization, texts (like
human language as a whole) embody important regularities which can be
viewed as a result of more general principles, such as the principle of least
effort (Zipf, 1949) or self-regulation in a synergetic model of language
(Köhler, 1986, 2005). These regularities can be captured, described, modelled mathematically and, in the best case, incorporated into a theory.
Because there is, to our knowledge, no text theory in the sense of Bunge
(1983), the majority of text analyses are either deliberately non-theoretical
(speciﬁcally, computational linguists usually address practical problems and
*Address correspondence to: Radek Čech, Department of Czech Language, University of
Ostrava, Reální 5, Ostrava 701 03, Czech Republic. E-mail: cechradek@gmail.com
© 2015 Taylor & Francis
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they are not concerned with theoretical aspects) or they strive to reveal some
characteristics of text and relationships among them in order to model some
aspects of “text behaviour” (e.g. Wodak & Meyer, 2001; Wimmer, Altmann,
Hřebíček, Ondrejovič, & Wimmerová, 2003; Hřebíček, 2007; Krippendorff,
2013). The present study should be viewed as a further step in the endeavour
to explore text properties. Speciﬁcally, it is focused on methodological
aspects of the analysis of the so-called thematic concentration of text. Thematic concentration (hereinafter TC) can be interpreted as a manifestation of
the writer’s or speaker’s effort to communicate some topic(s) more intensively than other topics, or – importantly – more intensively than would be
expected from ‘neutral’ language/text behaviour (cf. Section 2). Thus, the
TC represents a regularity which appears despite a huge potential variability
of means of ‘manipulating’ topic(s) of communication. Like any linguistic
concepts, ‘thematic concentration’ is a deﬁnition-dependent concept.
Because of the huge variability of text characteristics, more complex
methodological problems emerge in comparison to analyses focused on
phonetics, morphology, lexicology or syntax. This fact leads us to explore
thoroughly some aspects of analysis of the TC; ﬁrst we focus on some limits of the existing approach, and then, as a consequence, we propose ways
of overcoming these limits. Speciﬁcally, we present both modiﬁcations of
the measurement of the TC and methods for their statistical testing. For the
analysis we use 20 Slovak texts of the same genre written by one author
(S. Svoráková) (see Appendix).

THEMATIC CONCENTRATION OF TEXT
The method of analysis of the TC was introduced by Popescu (2007) and
elaborated by Popescu et al. (2009), Popescu and Altmann (2011) and
Čech, Popescu and Altmann (2013). It was applied in textology by Sanada
(2013), in literary theory by Wilson (2009), Davidová Glogarová, David,
and Čech (2013), Davidová Glogarová and Čech (2013), in historical
semantics by Čech (2013), and ﬁnally in an analysis of political speeches
by Tuzzi, Popescu and Altmann (2010) and Čech (2014). By means of this
method one can both identify words (or lemmas or co-referential units, such
as hrebs) representing the main topic(s) of the text and quantify the author’s
concentration on the topic(s).
The method is based on two text characteristics: (1) the frequency
distribution of words (or lemmas or co-referential units, such as hrebs) and
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Fig. 1. A usual shape of the frequency distribution of words (or lemmas) in the majority of
texts and an illustration of determination of the h-point (cf. Popescu et al., 2009, p. 17).

(2) the so called h-point (cf. Popescu, 2007). If one takes almost any text
(exceptions are represented by Dadaistic texts, texts written by people with
mental retardation or Wernicke’s aphasia etc.) and ranks the words in order
of decreasing frequency, one usually obtains a result such as that presented
in Figure 1. The h-point, which is deﬁned as a point where frequency
equals rank (see Formula 1 below), separates in a fuzzy way the most productive synsemantics from autosemantics (see Figure 1, for more details, cf.
Popescu et al., 2009, p. 17ff.). It is deﬁned as
(
if there is ri ¼ f ðri Þ
ri ;
(1)
h¼
f ðri Þriþ1 f ðriþ1 Þri
if there is r 6¼ f ðrÞ
riþ1 ri þf ðri Þf ðriþ1 Þ
where ri is a rank and f(ri) is the respective frequency of this rank; given that
ri is the highest number for which ri < f(ri) and ri+1 is the lowest number for
which ri+1 > f(ri+j). Thus, if no rank is equal to the respective frequency, one
computes the lower part of Formula (1) consisting of neighbouring values.
Having stated the h-point, we consider all autosemantics occurring at lower
ranks as thematic words because they signalize the frequent repetition of the
given autosemantics.1 In other words, the occurrence of autosemantics above
the h-point (i.e. in the synsemantic branch) can be interpreted as some kind
1

It should be mentioned that not all autosemantics need be considered to express the thematic properties of the text; for instance Popescu et al. (2009) use only nouns and their
predicates of the ﬁrst order, i.e. adjectives and verbs, for the analysis of the TC.
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of anomaly in comparison to “neutral” texts which are not strongly concentrated on particular topic(s).
Let us symbolize the ranks and frequencies of these autosemantics as r′
and f(r′) respectively. The thematic concentration is deﬁned as
TC ¼ 2

T
X
ðh  r0 Þf ðr0 Þ
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r0 ¼1

hðh  1Þf ð1Þ

;

(2)

where f(1) is the highest frequency in the text and T is the number of
autosemantics with r < h; if there are more words with the same frequency
in the rank-frequency distribution, r′ can also be represented by the average
rank; for example, in Table 1, ranks 3, 4, and 5 may be re-ranked to 4
because the frequencies are equal, etc. Of course there also exist other
possibilities for the quantiﬁcation of the thematic characteristics of the text
(cf. Čech, Garabík, & Altmann, forthcoming).
Additionally, it is a matter of fact that the study of word forms for this
purpose is scarcely relevant, because the more analytical a language, the
smaller is the number of forms. For instance, if a poet speaks only about
his own feelings, in analytical languages “I” will appear many times, while
in highly synthetic languages it may not appear at all as a separate word
but only in the form of afﬁxes. The problems of the relationship between
the TC and language units are discussed by Popescu and Altmann (2011)
and Čech, Popescu and Altmann (2013). The factor in the denominator of
(2), h(h − 1)/2, is the maximum given in the case that there are autosemantics at all ranks r′.
For illustration let us take the calculation of the h-point in the frequency
distribution of words (in fact it is lemmas, i.e. canonical word forms, that
are determined; for example the lemma do represents the word forms do,
Table 1. The eight most frequent lemmas in text No. 15. Thematic lemmas (i.e. autosemantics
with r ≤ h) are bolded.
Rank
1
2
3
4
5
6
7
8

Average rank

Lemma

Frequency

1
2
4
4
4
6
7.5
7.5

v [in]
a [and]
byť [be]
jeho [his]
obraz [picture]
rok [year]
tento [this]
ako [as]

19
17
9
9
9
8
6
6
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does, did, done, and doing) in text No. 15; the rank-frequency distribution
of the eight most frequent lemmas is presented in Table 1.
Since in Table 1, r ≠ f(r), for the computation of the h-point we use the
lower part of Formula (1), i.e.
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htext15 ¼

8ð7Þ  6ð6Þ
¼ 6:6667:
76þ86

There are two autosemantics with r < h in Table 1 (obraz [picture], rok
[year]). Thus, the TC of this text is computed as follows (average rank is
used for the computation):


ð6:6667  4Þ9
ð6:6667  6Þ8
þ
¼ 0:081734:
TCtext 15 ¼ 2
6:6667ð6:6667  1Þ19 6:6667ð6:6667  1Þ19
In order to compare the given texts with one another or with other text
(-type)s, one can use the theoretical variance of TC, deﬁned as (cf. Popescu
& Altmann, 2011):

Table 2. Thematic concentrations (TC), their variances Var(TC) and the lengths (N) of the
analysed texts.
Text
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20

h

TC

Var(TC)

N

8.33
11.5
11
8.5
9
8
7.5
9.5
9
9
6.33
6.5
9.5
5.5
6.67
5
7
7
13
12

0.002584
0.056522
0.025253
0.030166
0.028935
0.144599
0.100513
0.013313
0.049383
0.005435
0
0
0.074303
0
0.081734
0
0
0.059524
0.130738
0.018218

0
0
0.00000608
0
0
0.00000649
0
0.00000200
0
0
0
0
0.00001840
0
0.00013153
0
0
0
0.00000510
0.00000204

750
1084
998
631
618
765
594
1094
807
702
448
403
748
249
402
228
397
460
2075
1218
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VarðTC Þ ¼

!
2 X
T
2
f ðr0 Þ m2r ;
hðh  1Þf ð1Þ
r0 ¼1

(3)
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where m2r′ is the variance (the second central moment) of thematic words
above the h-point, i.e.
PT
ðr0  m1r Þ2 f ðr0 Þ
0
;
(4)
m2r ¼ r ¼1PT
0
r0 ¼1 f ðr Þ
where m1r′ is the ﬁrst central moment, i.e.
P 0
r  f ðr0 Þ
m1r ¼ P 0
f ðr Þ

(5)

All TC-values and their variances for 20 texts by Svoráková are presented
in Table 2.

METHODS FOR MEASURING AND STATISTICAL TESTING OF
THE TC
For comparing individual texts the use of the asymptotic u-test was proposed by Popescu and Altmann (2011); it is deﬁned as
jTC1  TC2 j
u ¼ pﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ :
VarðTC1 Þ þ VarðTC2 Þ

(6)

However, if we try to use Formula (6) for the data in Table 1, some
problems may emerge:
(1) there are texts with TC = 0; (2) there is frequently only one thematic
word in the pre-h-domain (which means that Var(TC) equals zero).
As regards the ﬁrst problem, the TC = 0 can be easily interpreted as a
manifestation of the thematic “neutrality” of the text. However, this does
not seem to be a very practical solution if one wants to analyse thematic
differences among texts. To solve this disadvantage, it is possible to start
with the h-point and its theoretical interpretation; it is stated that the h-point
represents a fuzzy border between synsemantic and autosemantic words (see
Figure 1). Consequently, from a theoretical point of view there is no
problem with doubling the h-point; speciﬁcally, this means that h is
multiplied by two in Formula (2), and we obtain the so-called secondary
thematic concentration (STC)

THEMATIC CONCENTRATION OF TEXT

STC ¼

2h
X
ð2h  r0 Þf ðr0 Þ
r0 ¼1

hð2h  1Þf ð1Þ

:
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Consequently, it is necessary to modify the variance
hP
i
T
0
f
ð
r
Þ
m2r0
0
r ¼1
;
VarðSTCÞ ¼
½hð2h  1Þf ð1Þ2
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(7)

(8)

where m2r′ is the variance of the autosemantics with r < 2h (see Formula
(4)). This approach is mentioned only marginally as a possibility in Popescu
et al. (2009, p. 103); however, to our knowledge it has not yet been used in
any analysis. The obvious advantage of this approach is that the probability
that some autosemantics appear above 2h is much higher. The results of the
STC for 20 texts by Svoráková are presented in Table 3.
If one observes Table 3, one can see that the adoption of the STC eliminates problem (1) totally (all STC > 0) and problem (2) in 17 instances
(texts No. 11, 16 and 17 have Var(STC) = 0, because there are thematic

Table 3. The secondary thematic concentrations (STC) and their variances Var(STC) of the
analysed texts.
Text
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20

2h

STC

Var(STC)

16.67
23
22
17
18
16
15
19
18
18
12.67
13
19
11
13.34
10
14
14
26
24

0.016529
0.061166
0.057299
0.059389
0.086329
0.118699
0.083333
0.047515
0.090414
0.069764
0.030538
0.061086
0.118177
0.065035
0.091323
0.051282
0.028846
0.102647
0.101994
0.065649

0.00000936
0.00001828
0.00001478
0.00005074
0.00003596
0.00002701
0.00005357
0.00000326
0.00008502
0.00001924
0
0.00002194
0.00007526
0.00004315
0.00000694
0
0
0.00008056
0.00001516
0.00000400
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words with the same average rank in their frequency distribution). This
means that it is possible to test the differences of STC among all texts
except the differences among texts No. 11, 16 and 17. There is no doubt
that this is an important beneﬁt in comparison to Table 2.
As for the second problem – the occurrence of only one thematic word
in the pre-h-domain, which means that Var(TC) equals zero and consequently it is not possible to test differences by means of formula (6)2, in
such cases one either can apply the STC (see above) or use a different
approach. To follow the second strategy, we propose proportional thematic
concentration (PTC) and two tests for comparing the PTC in two texts.
Let the proportion of thematic words in the pre-h-domain be PTC,
computed as
1 X 0
f ðr Þ;
(9)
PTC ¼
Nh r0 \h
where Nh = frequency of all words r1, ... , rh, i.e. all words in the
pre-h-domain, and the sum of f(r′) is the frequency of all autosemantic
words occurring in the pre-h-domain; the variance of PTC is
VarðPTC Þ ¼

PTCð1  PTCÞ
:
Nh

(10)

The asymptotic normal test now yields
jPTC1  PTC2 j
u ¼ pﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ :
VarðPTC1 Þ þ VarðPTC2 Þ

(11)

As an example, consider text No. 18, in which Nh = 77 and in which there
is only one autosemantic occurring in the pre-h-domain with f(r′) = 11,
hence
PTCtext18 ¼

11
¼ 0:1429
77

and
VarðPTCtext18 Þ ¼

2

0:1429ð1  0:1429Þ
¼ 0:001591:
77

Of course, theoretically, it is possible to test differences of the TC between two texts, if one
of the text has Var(TC) > 0 and the other Var(TC) = 0.

THEMATIC CONCENTRATION OF TEXT
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We compute analogically for text No. 7, in which Nh = 97 and in which
there is only one autosemantic occurring in the pre-h-domain with f(r′) =
14; we obtain PTCtext7 ¼ 0:1443 and VarðPTCtext7 Þ ¼ 0:001273: Now we
can compare the thematic concentrations of these texts by means of
Formula (7)
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j0:1429  0:1443j
u ¼ pﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ ¼ 0:02;
0:001591 þ 0:001273
which means non-signiﬁcant difference (for the signiﬁcance level α = 0.05,
u ≥ 1.96).
If we want to perform an exact test, we consider the smaller of the two
PTC-s as theP
theoretical value, and using the data from the other text, i.e.
Nh2 and x ¼ r0 \h f ðr0 2 Þ we compute
2
X Nh2 
p0j q0N j ;
PðX  xÞ ¼
j
jx

Table 4. The proportional thematic concentrations (PTC) and their variances Var(PTC) of the
analysed texts.
Text
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20

h

PTC

Var(PTC)

8.33
11.5
11
8.5
9
8
7.5
9.5
9
9
6.33
6.5
9.5
5.5
6.67
5
7
7
13
12

0.066176
0.088983
0.134078
0.086207
0.093458
0.241611
0.144330
0.103960
0.100000
0.084112
0
0
0.185629
0
0.239437
0
0
0.142857
0.192623
0.107280

0.00045439
0.00034350
0.00064861
0.00067910
0.00079181
0.00122977
0.00127318
0.00046115
0.00075000
0.00071997
0
0
0.00090521
0
0.00256488
0
0
0.00159025
0.00031869
0.00036694
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where p′ = PTC and q′ = (1 – PTC). If this probability is smaller than, say,
0.05, we consider the difference as signiﬁcant. For example, in text No. 18
we had p′ = 0.1429; in text No. 7 we had Nh = 97 and x = 14. Hence
computing (9) we obtain
X  97 
0:1429j ð1  0:1429Þ97j ¼ 0:5279;
PðX  14Þ ¼
j
j  14
telling us that there is no difference between the two texts in the sense of
the TC (seen from this point of view). The results of the PTC for 20 texts
by Svoráková are presented in Table 4.
Obviously, these tests enhance the possibilities for the analysis of the TC
(cf. Table 2). However, some texts are still no statistically comparable
because of zero values of the PTC. Therefore, we apply the PTC not only
for autosemantics in pre-h domain, but also in pre-2 h domain. Let us call
this index secondary proportional thematic concentration (SPTC). The
results of the SPTC for 20 texts by Svoráková are presented in Table 5.
Table 5. The secondary proportional thematic concentrations (SPTC) and their variances Var
(SPTC) of the analysed texts.
Text
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20

2h

SPTC

Var(SPTC)

16.67
23
22
17
18
16
15
19
18
18
12.67
13
19
11
13.34
10
14
14
26
24

0.078534
0.166163
0.202952
0.263804
0.267857
0.284314
0.142857
0.136029
0.379487
0.246988
0.096386
0.238636
0.272340
0.261538
0.157407
0.218182
0.151515
0.300813
0.288026
0.180593

0.00037888
0.00041859
0.00059691
0.00119148
0.00116732
0.00099745
0.00087464
0.00043208
0.00120757
0.00112039
0.00104934
0.00206465
0.00084328
0.00297132
0.00122806
0.00310143
0.00129857
0.00170996
0.00033182
0.00039887

The SPTC is the method which allows to compare statistically all texts in the sample.
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DIFFERENCES DUE TO DIFFERENT MEASUREMENTS OF THE
THEMATIC CONCENTRATION
It is well known in statistics that different statistical tests can yield different
results. The same is true for the use of different methods of measurement –
in our case the TC, STC, PTC, and SPTC. Consequently, for an appropriate
interpretation of particular methods both a comparison of the methods and
an observation of differences of results (if they occur) are necessary. In
other words, the methods presented in this article should be focused on the
same text property; to interpret this property, one has to know the aspects
of the applied methods as well as possible.
For a comparison of the methods the correlation coefﬁcient was used, see
Table 6 and Figures 2, 3, 4, 5, 6, 7.

Table 6. Correlation coefﬁcients (r) between particular indicators.

TC – PTC
TC – STC
STC – PTC
SPTC – STC
SPTC –TC
SPTC –PTC

r

R2

0.8584
0.7897
0.7583
0.7044
0.3308
0.2450

0.7369
0.6236
0.5750
0.4962
0.1094
0.0600

Fig. 2. Relationship between the TC and PTC in the analysed texts.
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Fig. 3. Relationship between the TC and STC in the analysed texts.

Fig. 4. Relationship between the STC and PTC in the analysed texts.

Statistically signiﬁcant values are bolded; at signiﬁcant level 0.05. R2
expresses the determination coefﬁcient. Pairs of indicators are ranked in
decreasing order in accordance to the coefﬁcient of determination.
The results reveal signiﬁcant correlation between indicators as follows:
the TC and PTC, TC and STC, STC and PTC, SPTC and STC; non-signiﬁcant correlation between both pairs the STPC and TC and between STPC
and PTC. Further, even though the correlation between the SPTC and STC is
signiﬁcant, the low coefﬁcient of determination indicates weaker correlation
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Fig. 5. Relationship between the SPTC and STC in the analysed texts.

Fig. 6. Relationship between the SPTC and TC in the analysed texts.

with regard to the other signiﬁcant correlations. Consequently, the STCP
does not seem to capture the same property as the other methods and is not
proper for the analysis of thematic characteristics of text.
A closer observation of the results reveals a speciﬁc tendency for the
relationship between the TC and STC. Particularly, for texts with the highest
TC, STC < TC, while for texts with the lower TC, STC > TC (cf. Figure 8).
This ﬁnding is not surprising, if one realizes the properties of these
particular measurements. Speciﬁcally, even though the STC captures more
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Fig. 7. Relationship between the SPTC and PTC in the analysed texts.

Fig. 8. TC and STC in particular texts. Texts are ranked (x-axis) in decreasing order in accordance to TC.

thematic words and consequently there should be a tendency STC > TC, the
normalization, hð2h  1Þf ð1Þ, can also cause the opposite, i.e. STC < TC. A
closer observation of texts with STC < TC shows that the high TC is caused
by word(s) with extremely low rank and high frequency (with regard to the
h-point); for instance, text No. 6 (h = 8, f(1) = 41) contains thematic words
with r = 3, f(r) = 22 and r = 4, f(r) = 14. Consequently, a comparison of
TC and STC can be used as an indicator of the extremeness of the TC;
therefore, texts with STC < TC can be considered as extremely concentrated
texts.

Downloaded by [88.103.184.99] at 05:03 26 July 2015

THEMATIC CONCENTRATION OF TEXT

229

Fig. 9. TC and PTC in particular texts. Texts are ranked (x-axis) in decreasing order in
accordance to TC.

As for the other relationships between indicators, no similar tendency
emerged; as an example, the relationship between the TC and PTC is presented in Figure 9.

5. CONCLUSION
This article has presented four possible ways of measuring thematic concentration and proposed various tests for comparing texts. Having analysed one
author, the result cannot be considered general. Nevertheless, it represents a
possible starting point for further investigations. Short texts have a strong
proneness to variation, but it may also be the conscious intention of the
author to concentrate the content of the text. In order to enhance the power
of this research, we plan to propose various other deﬁnitions of concentration based on frequencies, sequences and hrebs (cf. Čech, Garabík, & Altmann, forthcoming).
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