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Abstract. Valence of words in books reflects the situation in a
society and allows one to assess the perception of life even in those
countries and periods of time when direct research on well-being has
not been conducted. We use the Google Books Ngram diachronic
text corpus to analyze changes in the average valence of words in
Russian books. We show that changes in the average valence corre-
late with the results of surveys on well-being. The average valence
also responds to major historical events and social changes. Like
other similar studies, quantitative data on the level of valence of
words are based on calculations using dictionaries with word valence
ratings. For the first time, we have carried out a comparative study
based on a number of the most relevant Russian dictionaries. We
have found that the obtained results depend on the applied mean-
ing of such dictionaries and their lexical composition. This shows
the need for careful selection of dictionaries for future research.

§1. Introduction

The level of national well-being is one of the most important sociological
parameters. Its estimation, as well as estimation of the level of a closely
related concept of happiness, has been performed for many decades both at
national and international levels. Until recently, sociological surveys were
the main research tool, which were used to determine the level of subjective
perception of well-being (happiness).

The creation of large diachronic text corpora has given rise to a new
method for studying the dynamics of percepted well-being. The method
consists in revealing frequency dynamics of the use of emotive words and,
more broadly, words with positive or negative valence. This line of re-
search is based on the assumption that the degree of positivity of the used

Key words and phrases: word valence ratings and Google Books Ngram and word
frequency and subjective well-being and sentiment dictionaries.
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words directly reflects the authors’ mood [31], i.e., their assessment of well-
being. The main data source is the Google Books Ngram (GBN) corpus
(https://books.google.com/ngrams/).

The Google Books Ngram corpus [24] contains data on frequencies of
words and phrases from 8 languages over the past five centuries. The corpus
is widely used in cultural and language evolution studies [14,44]. The third
version of the Russian subcorpus is based on texts of more than one million
books published between 1486–2019 with a total size of 89.4 billion words.
It should be noted that GBN does not give access to texts but provides
statistics on use of words and word combinations for a particular year.

The objective of our study is to also analyse how the method described
in [15] and used in our work can be applied to valence studies based on
Russian texts. To do this, we analyse the frequency dynamics of Russian
words with positive/negative valence (including basic emotions) by using
GBN and reveal how average valence responds to historical events, social
changes, and economic factors such as the gross domestic product (GDP).
We use words from the Russian sentiment dictionaries and obtain frequen-
cies of these words from the GBN corpus. For the first time, we compare
results obtained by employing several sentiment dictionaries.

§2. Related Work

Relevant studies on word valence and subjective well-being have been
developing in two directions. The first one is aimed at studying pure dy-
namics of words with positive/negative valence and lexical emotiveness.
Frequency dynamics of positively marked words has attracted the atten-
tion of researchers after the work by [10], who formulated the Pollyanna
hypothesis (also known as Positive bias), according to which “people use
positively toned words more often than negatively toned ones”. In [18],
the hypothesis was confirmed based on 4 large corpora of the English lan-
guage. A diachronic study based on GBN [16] showed that the positive
bias decreases with time, and the trend is well approximated by a linear
law. This paper also shows that the linguistic positive bias correlates with
the level of happiness in a country. Frequency dynamics of emotive words
have been studied in many works [12,28,34,41,46].
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When studying the frequency dynamics of emotive words, basic emo-
tions are usually considered, and word lists are selected from special data-
bases and dictionaries of synonyms based on psychological works on emo-
tions. For example, the work [28] uses the digital resource “Linguistic in-
quiry and word count” introduced in [35] that contains over 900 emotive
English words.

Another research direction is the study of how words with positive/nega-
tive valence respond to social factors and reflect the national mood and
subjective well-being. Well-being dynamics in different countries have been
studied in [6, 32,37,43].

The work [15] introduced the concept of the National Valence Index
(NVI) — the average value of word valence considering word frequencies
in a particular year of the studied interval. Affective ratings are taken
from the well-known Affective Norms for English Words (ANEW) data-
base [11] containing about 1000 words. The word frequencies are derived
from GBN. This work shows that for 3 languages in 4 countries, namely
United States, United Kingdom, Germany, and Italy, the NVI is highly
correlated with survey-based measures of subjective well-being obtained
by the Eurobarometer1. The response of the NVI to social upheavals is
discussed. It is shown that in the long term, the growth of gross domes-
tic product (according to the data from the Maddison Project) has no
correlation with the NVI. However, significant local changes in GDP are
accompanied by an increase in the NVI, although the correlation coefficient
is not that significant.

The work [9] does not consider individual words but entire language
constructs that, according to expert assessment, can indicate cognitive
distortion. It is shown that an increase in the number of such constructions
in the GBN books responds to negative social events, such as World War I
and World War II. In this work, an unexpected effect of a sharp increase in
the number of such constructions in three different languages over the last
3 decades was discovered. The authors consider that this effect is probably
caused by a growing gap between increased productivity and slower wage
growth, rising social inequality, as well as the polarization of societies that
was further exacerbated by the rise of social networks.

1https://europa.eu/eurobarometer/screen/home
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§3. Data and Methods

In the above-mentioned works, indices of word valence were taken from
dictionaries created on the basis of questionnaires. A dictionary [27] of
almost 20,000 words is currently used for English studies. An overview of
English dictionaries can be found in [20]. There also exist dictionaries for
other languages such as Russian, Danish, Spanish, German, Finnish, and
Chinese. In our work, estimations of word valences are taken from several
dictionaries (databases) listed below.

(1) KFU Sentiment Dictionary of the 1000 most frequent words cre-
ated at Kazan Federal University using the questionnaire method
based on the dictionary by O. Lyashevskaya, S. Sharova
(http://dict.ruslang.ru/freq.php). It contains equal proportions of
nouns, adjectives, and verbs. Each word received at least 50 ratings
on a 9–point scale.

(2) KFU Sentiment BERT Dictionary of more than 25,000 words cre-
ated at Kazan Federal University using the machine extrapolation
method (the BERT neural network). Both KFU dictionaries are
freely available at [2] and are described in detail in [42].

(3) Russian NRC VAD Lexicon [27] which contains estimates of 20,000
words obtained by using the estimates of the corresponding (syn-
onymic) English words. The English words were the most com-
monly used ones extracted from various sources.

(4) The article [13] describes dictionaries of 10 languages, including
the Russian Dictionary of 10 thousand words available at [1]. The
most commonly used words were selected for estimation from a
number of sources: Google Books, New York Times articles, Mu-
sic Lyrics, Twitter messages, etc. The survey was conducted via
Amazon Mechanical Turk on a 9-point scale.

(5) LinisCrowd Dictionary2 of sentiment tokens created via crowd-
sourcing [19] that includes 7.5 thousand words. Each word was
estimated by 3 experts on a scale of -2, -1, 0, 1, 2.

(6) RuSentiLex that contains 12 thousand words extracted automati-
cally from the news corpus. Evaluative words and words with posi-
tive or negative connotation were assessed by experts on a 3–point
scale [25].

2http://linis-crowd.org/
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(7) KartaSlovSent Dictionary (https://kartaslov.ru) created by a ques-
tionnaire method using the positive, neutral, negative scale and
with at least 25 ratings for each word. It contains more than 46
thousand words [21].

We note that these resources are created using different techniques and
contain different sets of words. The applied methods include interviewing
native speakers (dictionaries 1, 4, 5, 7), machine approximation of a small
number of human estimates (2), translation of English words into Russian
and then using the ratings of English words (3), automatic extraction from
the text corpus (6). The latter case uses an approach combined with post-
editing of the dictionaries.

Word sets are determined by the applied meaning of a dictionary and
are also different. The most frequent words are used in 1, 2, 4, the most
commonly understood words are included in 7, words selected by a com-
bined approach with an emphasis on emotive words are in 3, while 5 and
6 contain mostly evaluative words.

As stated in [20], most dictionaries have a certain percentage of stop
words (Hedonometer stands out in this regard). In our opinion, the inter-
pretation of sentiment ratings of prepositions, conjunctions and other func-
tional words is unclear. In our calculations, we tried to exclude stop words
from the lists. The lists included nouns, adjectives, verbs, and adverbs (con-
tent words). Relation to a particular part of speech was determined using
the electronic morphological dictionary OpenCorpora
(http://opencorpora.org/dict.php) [8]. It should also be noted that some
words in the dictionaries are duplicated. In the dictionaries obtained by
the translation method, such duplication occurs because different English
words can be translated by the same Russian synonym. In such cases, we
averaged ratings for different entries of the word.

After the filtering described above, the word list included 55,590 words
that occur in at least one of the 7 compared dictionaries. Statistics on pair-
wise identical part of the vocabulary in dictionaries is shown in Table 1. For
example, the number of words in the NRC VAD and KartaSlovSent dic-
tionaries (after filtering) is 13,694 and 42,559 respectively, and the number
of identical words is 9,499. This is 22.3% of the KartaSlovSent dictionary
or 69.4% of the NRC VAD dictionary. Data on the correlation of ratings of
identical words in different dictionaries are shown in Table 2. The correla-
tion coefficient of the ratings of the KFU Sentiment and KFU Sentiment
BERT dictionaries equals 1 because the first one includes the second one.



VARIATIONS IN AVERAGE WORD VALENCE OF RUSSIAN BOOKS 29

Table 1. The ratio of the identical part of the vocabulary
in the dictionaries to the size of the dictionaries in a line
(%).
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NRC VAD 100.0 12.9 4.7 58.4 19.2 22.8 69.4
Hedonometer 21.4 100.0 7.9 23.8 3.9 15.1 23.6
KFU Sentiment 64.4 65.9 100.0 99.8 17.1 68.3 95.1
KFU Sent. BERT 33.1 8.1 4.1 100.0 39.6 24.0 85.2
RuSentiLex 27.5 3.3 1.8 100.0 100.0 29.4 82.6
LinisCrowd 46.7 18.5 10.1 86.3 42.0 100.0 83.9
KartaSlovSent 22.3 4.6 2.2 48.4 18.6 13.2 100.0

Table 2. Spearman’s correlation coefficient of ratings of
identical words in different dictionaries.
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NRC VAD - 0.773 0.720 0.671 0.762 0.706 0.746
Hedonometer 0.773 - 0.855 0.735 0.875 0.614 0.797
KFU Sentiment 0.720 0.855 - 1.000 0.808 0.526 0.752
KFU Sent. BERT 0.671 0.735 1.000 - 0.609 0.600 0.636
RuSentiLex 0.762 0.875 0.808 0.609 - 0.762 0.797
LinisCrowd 0.706 0.614 0.526 0.600 0.762 - 0.779
KartaSlovSent 0.746 0.797 0.752 0.636 0.797 0.779 -
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Table 3. Average well-being index in Russia according to
the RSS surveys.

Year 2006 2008 2010 2012 2014 2016 2018
Percentage 43 48 52 54 60 54 53

Table 4. Average well-being index in Russia according
to [17].

Year 1990 1995 1999 2006 2008 2011 2017
well-being index 5.37 4.45 4.65 6.15 6.50 6.13 6.45

We considered both dictionaries because they were created using different
methods, differ in size, and behave differently when compared to other
dictionaries.

Frequency data on the use of Russian words were taken from the Russian
subcorpus of the 3rd version of GBN. For the i-th word, we calculated its
relative frequency pi,t in the year t. To do this, the absolute frequency
fi,t extracted from the corpus was normalized to the total frequency of
all rated words in year t. The average valence 〈νt〉 (or NV It) was then
calculated by the following formula [15]:

〈νt〉 = NV It =
∑
i

νi,tpi,t (1)

Here νt is the valence rating of the i-th word in the year t.
Data on Russia’s gross domestic product (GDP) are taken from [3, 26,

40]. Life satisfaction survey data comes from two sources. The first one
is the Russian Social Survey (RSS)3 [39]. The survey was conducted from
2006 to 2018 with an interval of 2 years. The survey used an 11-point scale
from 0 to 10, where 10 means complete satisfaction with life. The question
(b24 of the 2006 survey) was formulated as “How satisfied are you with your
life in general?”. Table 3 shows the proportion of respondents who rated
their well-being in the range from 6 to 10, i.e., positively. Satisfaction with
life increases until 2014, then it decreases. The work [17] provides data
for a longer time interval from 1990 to 2017 (see Table 4). A scale from
1 to 10 was used for the ranking. Low values of the well-being index at
the end of the last century have been replaced by significantly higher ones,

3http://www.ess-ru.ru/
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Figure 1. Ranges of change in the average valence for 7
dictionaries over 1900–2019.

reflecting the rapid economic growth in Russia in the early 2000s. After
the economic crisis of 2008, the situation has gotten worse.

§4. Results

It is interesting to find out to how the words presented in the above-
mentioned Russian dictionaries respond to social changes and perform a
comparison of the dictionaries. Such systematic comparative analysis has
never been carried out, although there exist various sentiment dictionaries
created for other languages by different methods.

Time series of the average valence 〈νt〉 were calculated for each of the
7 dictionaries. To make the comparisons more convenient, the ratings pre-
sented in each dictionary were linearly transformed so that the ratings
ranged from ˘1 to +1. In different dictionaries, the ratio of the number
of words with positive and negative ratings is different, and therefore the
characteristic ranges of change turn out to be different (see Figure 1).

Since the typical values of 〈νt〉 for different dictionaries vary signifi-
cantly, it is reasonable to normalize them for a better visual representa-
tion. To do this, the average value (for 1900–2019) was subtracted from
the values 〈νt〉 and further divided by the standard deviation (for the same
time interval). The resulting normalized series are shown in Figure 2.

One of the main results of our study is that for different vocabularies we
obtain different valence dynamics curves. Visually, all the considered dic-
tionaries are clearly divided into two clusters that differ significantly. The
first one includes NRC VAD, RuSentiLex, LinisCrowd, and KartaSlovSent,
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Figure 2. Change in the normalized mean valence over
time for 7 dictionaries.

and the second one includes Hedonometer, KFU Sentiment, and KFU Sen-
timent BERT with very similar curve shapes (see Figure 2). Further we
will refer to them as the 1st and 2nd clusters.

As expected, all dictionaries show a decrease in positivity during World
War II. A similar effect was previously found for other languages. Note that
the response of the curves calculated for the words from the dictionaries
of the second cluster is significantly weaker.

Let us pay attention to historical periods characterized by significant
social events in Russia. During the Revolution and Civil War of 1917–1922
dictionaries of the 1st cluster record a drop in positivity. The response of
the words from the dictionaries of the second cluster to these events is not
significant.

Words from the dictionaries of the 1st cluster show a global trend
towards an increase in positivity approximately from the 1930s to the
1980s (except for the period of World War II) with a subsequent decrease.
It is natural to associate this with the period of development of socialism
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in the country, including an increase in the standard of living, the peak of
which falls precisely on the year 1980 followed by a decline. The positive
shift, apparently, is also influenced by the high ideological content of soci-
ety and state control over printed products, which in particular prohibited
to depict many negative aspects of life in the country.

Dictionaries from the 2nd cluster paint a different picture. They also
show an increase in positivity from 1930 (until 1950); then they show
a decrease until the mid-1960s followed by an increase. This decrease is
possibly associated with the criticism of Stalin’s personality cult at that
time and the so-called Thaw which was characterized by relatively greater
freedom. The most interesting is almost a mirrored behavior of the graphs
in both clusters after 1980.

To compare the two obtained clusters, we select one most relevant dic-
tionary from each cluster. They are the KartaSlovSent Dictionary which
is the largest one (42,559 words; here and below we show the numbers of
words after filtering out functional words) and the well-known dictionary
Hedonometer (8,238 words). In total, 48,885 words appear in at least one
of the two selected dictionaries, which we will divide into three groups:
(a) 1,942 words found in both dictionaries, (b) 40,617 words found only
in the KartaSlovSent Dictionary, and (c) 6,296 words found only in the
Hedonometer dictionary.

The Spearman’s correlation coefficient between time series of average
sentiment 〈νt〉 obtained using Hedonometer and KartaSlovSent dictionar-
ies is 0.274 (Pearson’s coefficient is 0.158). If we calculate 〈νt〉 only for the
identical part of the vocabulary, then the Spearman‘s coefficient increases
to 0.791. This is almost equal to the correlation coefficient of sentiment
ratings in the overlapping part of the dictionaries (0.797, see Table 2). If,
on the contrary, each of the series 〈νt〉 is counted only by the non-identical
part of the vocabulary, the Spearman coefficient will be -0.007.

Figure 3 shows boxplots of the distribution of ratings in the non-identical
part of the two compared dictionaries. As for the KartaSlovSent Dictio-
nary, the median of ratings for this part of the vocabulary is close to zero,
and the distribution for the Hedonometer dictionary has a significant shift
towards positive values. More precisely, the ratio of the number of words
with positive ratings to the number of words with negative ratings is 3.713
for the Hedonometer dictionary and 1.417 for the KartaSlovSent Dictio-
nary. Thus, one of the reasons for the observed differences in graphs 〈νt〉
may be a different proportion of words with positive and negative ratings
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Figure 3. The range of valence ratings in the non-identical
part of the KartaSlovSent and Hedonometer dictionaries.

Table 5. Spearman’s correlation coefficients of the average
valence of words compared with the results of sociological
surveys and changes in GDP.

Well-being, RSS Well-being, [17] GDP
2006–2018 1990–2017 1913–2019

NRC VAD -0.811 -0.107 0.421
Hedonometer 0.559 0.714 0.450
KFU Sentiment 0.667 0.786 0.522
KFU Sent. BERT 0.721 0.750 0.134
RuSentiLex -0.775 -0.429 0.281
LinisCrowd -0.721 -0.679 0.271
KartaSlovSent -0.775 -0.143 0.589

in the compared dictionaries. Another possible reason is that even after
filtering, a large number of non-connotated words (pronominal adjectives,
existential verbs etc.) remain in the Hedonometer dictionary. As a result,
a change in the frequency of such words that actually have no positive or
negative connotation will lead to a change in 〈νt〉.

Finally, let us consider how changes in the average valence correlate
with the results of sociological surveys on the degree of satisfaction with
life [17,39], as well as with GDP. Table 5 shows the values of the Spearman’s
correlation coefficients between these values and the average valence cal-
culated using the data from different dictionaries. Significant (at the level
of 0.05) correlation coefficients are in bold type.

It should be noted that the comparison with the results of sociologi-
cal surveys was carried out only for 7 points and cannot be considered
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statistically significant (in most cases) in spite of high absolute values.
More reliable data on correlation with well-being can be obtained when
longer series of sociological surveys are accumulated. Compared with GDP,
a moderate positive correlation is observed. The highest correlation coeffi-
cient with GDP was obtained for the average valence, calculated according
to the data of the KartaSlovSent Dictionary. Pearson‘s coefficient for this
case is 0.595, which is noticeably higher than the value obtained in [15]
(0.36). In contrast to the United Kingdom, the United States, Germany,
and Italy (the data considered in [15]), the average tonality in Russian
has a long-term upward trend throughout much of the XX century, which
affects the value of the correlation coefficient with GDP.

The correlation of the average valence with the GDP growth rate (which
is defined as the difference derivative of the logarithm of GDP, ∆ log GDP)
was also calculated in [15]. In our case, the correlation of these values is
low for short and moderate lags (less than 15 years). Figure 2 shows that
there is also a drop in the average valence during periods when GDP
was falling (the revolution and civil war, World War II, early 1990s), but
these jumps occur each time from a different initial level. This observation
explains a low correlation between the mean valence and GDP growth
rates.

Therefore, we also estimated the correlation between GDP growth rates
and average valence increments calculated by the following formula:

∆〈νt〉 = 〈νt〉 − 〈νt−T 〉 (2)

Figure 4,a shows cross-correlation functions (Spearman’s correlation co-
efficient was used) of average valence increments and GDP growth rates
for the KartaSlovSent, LinisCrowd, and Hedonometer dictionaries. There,
positive lag values correspond to the delay in changes in the average va-
lence in relation to changes in GDP. As we can see, the highest level of
correlation is observed with a lag of 11–13 years. This is larger than the
delay value of 5 years obtained for the English language in [15].

Figure 4,b shows the values of the maximum correlation level for various
dictionaries. The level of correlation for the dictionaries from the 1st cluster
is slightly higher than that for the dictionaries from the 2nd cluster. The
highest correlation level (0.335) is observed for the RuSentiLex dictionary.

A decrease in the average valence of Russian texts observed since about
1980 (for the first cluster, see Figure 2) is in good agreement with the
results of corpus studies indicating a decrease in linguistic markers of
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Figure 4. A) Spearman’s correlation coefficient between
the series of the GDP growth rates and the series of av-
erage valence increments at different lags for the Kar-
taSlovSent, LinisCrowd, and Hedonometer dictionaries;
B) The maximum level of the Spearman’s correlation co-
efficient between the series of GDP growth rates and the
series of the mean valence increments for various dictio-
naries.

psychological well-being in English, Spanish and German texts, especially
pronounced since the mid-1970s [9, 15, 16]. The analysis of the valence of
lyrical songs also reveals the same negative trend [29]. Further comprehen-
sive studies are needed to explain these changes. We can put forward two
assumptions that need to be tested.

The first one is associated with a decrease in the level of self-efficacy,
that is, the individual’s confidence in their ability to influence their present
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and future [5]. In developed countries, this was due to the gradual destruc-
tion of the social contract that was formed after World War II and assumed
that the system of social relations and the state provide a gradual improve-
ment in the quality of life of citizens. Disparities in economic growth and
income levels for most of the population led to the collapse of the American
Dream [22] and rising inequality [36].

In the 1980s, the Soviet economy ceases to outstrip the US economy
in terms of growth, it finally enters stagnation with growth of about 1%
per year, low efficiency, high dependence on world oil prices, as well as a
demotivating reward system [4, 23]. Another factor that reduces an indi-
vidual’s belief in the ability to change the situation with their own or joint
efforts was a transition to a risk society, awareness of limited resources,
and growing exposure to global difficult-to-control threats [30].

The second possible reason could be urbanization accompanied by a de-
crease in prosocial attitudes and trust that, as psychological studies show,
make it easier to satisfy the need for affiliation and received emotional sup-
port [33,38]. Corpus studies point to the relationship of urbanization with
the growing orientation towards individualistic values [14], the strengthen-
ing of which was observed in the USSR and accelerated in the post-Soviet
period [45].

A meta-analysis of 20 studies shows that levels of intragroup trust,
solidarity, and prosocial attitudes increase significantly after wars [7]. This
may be one of the explanations for the sharp increase in positivity in
Russian texts in the post–war years.

§5. Conclusion

National subjective well-being reflected in natural language, including
published books, has long been a focal issue among researchers. The main
results obtained in the present work are as follows.

(1) For the first time, we provide detailed data on the change in the
average valence of words in Russian texts over a hundred years.

(2) The influence of social upheavals on text average valence is re-
vealed. The average valence change is neither random nor deter-
mined by purely linguistic mechanisms and general cognitive laws
such as the positive bias. It is definitely determined by changes in
society. Such events as wars and revolutions increase the frequency
of words with negative valence.
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(3) We found a correlation of the average valence of words with the
results of sociological surveys on the level of well-being, as well as
a moderate correlation with changes in GDP. The presented data
should be considered preliminary because data available from so-
ciological surveys is insufficient, and no statistically reliable con-
clusions can be drawn now.

(4) For the first time in this kind of research, we used a number of dic-
tionaries with valence ratings and compared the results obtained
using these dictionaries. It was found that each dictionary provides
its own result. However, according to the general data obtained,
all the dictionaries can be divided into two clusters.

(5) A preliminary explanation of this effect is that dictionaries dif-
fer significantly by the vocabulary included and the proportion of
words with positive and negative valence. It seems that the ob-
served effect is very interesting and requires further detailed stud-
ies.

(6) The method offered by Hills et al [15] and used in our work requires
a thorough selection of words with valence ratings. At that, balance
of words with positive and negative valence is needed, otherwise
this method will not provide reproducible results.

The obtained results for the Russian language based on the dictionaries
from the 1st cluster are in good agreement with previously published re-
sults for other languages. A decrease in the frequency of words with positive
valence has been observed not only in Russian texts but also in English,
German and Italian since the last quarter of the XX century (caused by
wars and revolutions).

An important final conclusion is that the above-described studies should
not be based on a single dictionary because they provide different data.
Joint use of several dictionaries is reasonable until a common methodology
for creating dictionaries with word valence ratings is established.
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