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Abstract

The present thesis comprises three stand-alone research articles on the Google Books
Ngram Viewer — a search engine that allows for a systematic quantification of cultural
change over time by charting the relative frequencies of individual words’ appearances
in a corpus of millions of scanned books. The thesis is concerned with the use of the
Google Books Ngram Viewer to examine cross-cultural changes. In addition, each
research article emphasizes on an optimization of the research method, previously
applied in Google Ngram studies. The thesis thereby aims at introducing state-of-the-
art research methods using the Google Books Ngram Viewer.

The first research article made use of the Google Books Ngram Viewer to
investigate cultural change in German-speaking countries. By analyzing the
development of individualistic and collectivistic German words and by considering
additional synonyms, as an improvement on the method, results indicate that Germany
and the German-speaking countries around became more individualistic over time.
However, a reversal for the time before and during World War II indicates the
countries’ development towards more collectivistic societies during times of crisis,
supporting the argument that cultural changes can be bidirectional.

The second research article presents a comprehensive guideline that aims at
increasing the reliability of Google Ngram studies. The guideline builds up on the
previously introduced systematic use of synonyms but further suggests the
consideration of four additional hands-on procedures, to conduct a composite analysis,
and to take the consequences of potential censorship and propaganda into account.
Further, in a step-by-step example all of these suggestions were applied by examining
religious trends in a cross-cultural setting with a particular focus on the situation
during World War II. Results indicate a decline in the importance of religion over time.
However, there is again a reversal for the years before and during World War II,

particularly for German and Italian words. Based on variances of results, the study
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points out that applying and particularly combining the suggested procedures can
prevent researchers from deriving wrong and undifferentiated assumptions.

The third research article took advantage of the Google Books Ngram Viewer
to investigate changes in the prevalence of positive and negative emotions in China.
Based on the application of the procedures suggested in the second research article,
and by developing an additional corpus-specific approach that reinforces the reliability
of the Chinese corpus, an overall increase in the frequencies of positive Chinese
emotion words and a decrease in the frequencies of negative Chinese emotion words
is observed. Considering the differences between the perception and the use of positive
and negative emotions in collectivistic and individualistic cultures, results support
China’s theory-compliant development towards a more individualistic society over
time.

Taken together, this thesis offers important empirical insights on the cross-
cultural development towards increased individualism, even for rather collectivistic
countries. Furthermore, each research article provides methodological guidance and
valuable advice regarding the use of a sophisticated and robust methodological

standard to examine data obtained from the Google Books Ngram Viewer.

iii



Zusammenfassung

Die vorliegende Dissertation besteht aus drei eigenstdndigen Forschungsartikeln und
befasst sich mit dem Google Books Ngram Viewer — einer Suchmaschine, die durch
die Darstellung der relativen Héaufigkeit einzelner Worte, basierend auf einem Korpus
von Millionen Biichern, die systematische Quantifizierung von kulturellem Wandel
iiber die Zeit hinweg erlaubt. Neben der Untersuchung von Annahmen hinsichtlich
eines globalen und gesellschaftlichen Wandels beschiftigt sich die vorliegende Arbeit
insbesondere mit der Optimierung der bisher in Zusammenhang mit dem Google
Books Ngram Viewer angewandten Analysemethoden. Dabei hat die vorliegende
Arbeit das Ziel, einen methodischen Standard fiir Forschungszwecke zu etablieren.

Der erste Forschungsartikel machte sich den Google Books Ngram Viewer zu
Nutze, um den gesellschaftlichen Wandel in deutschsprachigen Léndern zu
erforschen. Die Ergebnisse der Untersuchung individualistisch und kollektivistisch
gepragter deutscher Worte sowie die systematische Beriicksichtigung zuséatzlicher
Synonyme, die eine Verbesserung der soweit vorherrschenden Google Ngram
Analysemethodik darstellt, lassen darauf schlieBen, dass Deutschland und die
angrenzenden deutschsprachigen Ladnder iiber die Zeit hinweg individualistischer
wurden. Ein gegenldufiger Trend zur Zeit des zweiten Weltkriegs deutet allerdings
darauf hin, dass in Krisenzeiten wieder vermehrt kollektivistische Werte an Bedeutung
gewannen und demnach die Entwicklung gesellschaftlicher Werte bidirektional sein
kann.

Der zweite Forschungsartikel prasentiert einen umfassenden Leitfaden, der
darauf abzielt, die Reliabilitidt von Google Ngram Studien zu erhéhen. Der Leitfaden
greift die im ersten Forschungsartikel vorgestellte systematische Beriicksichtigung
von Synonymen auf. Darliber hinaus motiviert er die Verwendung vier weiterer
Verfahren und einer Kombinationsanalyse sowie die Beachtung potentieller

Konsequenzen von Zensur und Propaganda. Alle Vorschlige des Leitfadens wurden
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im Rahmen einer multikulturellen Untersuchung religioser Trends, unter besonderer
Berticksichtigung des zweiten Weltkriegs, beispielhaft angewendet. Die Ergebnisse
deuten auf einen kontinuierlichen Riickgang der Bedeutung von Religion im
Zeitverlauf hin. Insbesondere fiir die deutsche und italienische Sprache zeigt sich
jedoch abermals ein gegenldufiger Trend zu Zeiten des zweiten Weltkriegs. Auf Basis
differierender empirischer Befunde macht der Artikel deutlich, dass durch die
Anwendung der im Leitfaden vorgestellten Verfahren Forscher vor dem Treffen
falscher und undifferenzierter Annahmen bewahrt werden konnen.

Der dritte Forschungsartikel machte sich den Google Books Ngram Viewer zu
Nutze um Veridnderungen in der Verwendung positiver und negativer Emotionen in
China zu untersuchen. Basierend auf der Beriicksichtigung der im zweiten
Forschungsartikel vorgestellten methodischen Verbesserungen sowie der Anwendung
eines weiteren Korpus-spezifischen Verfahrens, dass insbesondere die Reliabilitét des
fehleranfalligeren chinesischen Korpus beriicksichtigt, zeigt diese Studie einen
Anstieg der Frequenz von positiven chinesischen Emotionswdortern und einen
Riickgang der Frequenz von negativen chinesischen Emotionswortern im Zeitverlauf.
In Anbetracht der Unterschiede in der Wahrnehmung und Verwendung positiver und
negativer Emotionen in kollektivistisch und individualistisch gepridgten Kulturen
lassen die Ergebnisse auf einen theoriekonformen Wandel Chinas hin zu einer
individualistischeren Gesellschaft schlief3en.

Zusammenfassend legt die vorliegende Dissertation wichtige empirische
Befunde im Hinblick auf eine immer individualistischer ausgerichtete,
gesellschaftliche Entwicklung — auch in eher kollektivistisch gepragten Landern — dar.
Dariiber hinaus liefert die Arbeit wertvolle Erkenntnisse in Bezug auf die Vorteile der
im Rahmen dieser Arbeit dargelegten Analyseverfahren und setzt einen Standard zur
verbesserten Untersuchung der durch den Google Books Ngram Viewer

bereitgestellten Daten.
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General Introduction

The advent of computers and the Internet, as part of the Digital Revolution, has spread
knowledge globally by transforming even age-old wisdom into digital resources that
can be accessed all over the world. In this regard, also research methods, i.e., strategies
to generate knowledge, have seen unprecedented opportunities. In particular, cultural
product analysis — a research method that infers patterns of culture from tangible
public representations of culture such as books, news coverage, or song lyrics (see e.g.,
Morling & Lamoreaux, 2008 and Lamoreaux & Morling, 2012, for a review) — has
been revolutionized. Until recently, analyzing cultural products to unearth cultural
change was very costly, particularly in terms of labor. The spread of new technologies
such as word coding computer programs and the Internet, however, has allowed
researchers to analyze language use in cultural products in more voluminous, accurate,
and efficient ways (Twenge et al., 2012a). In this regard, particularly big data tools
offer extraordinary opportunities for this field. For instance, if “reading small
collections of carefully chosen works enables scholars to make powerful inferences
about trends in human thought”, imagine the power of analyzing a corpus consisting
of millions of books and how much more precise the measurement of the underlying
phenomena will be (Michel et al., 2011, p.176).

The Google Books Ngram Viewer — an online search engine that charts word
frequencies from a corpus of millions of scanned books — constitutes one of these
powerful opportunities. Along with its launch in 2010, the developers argued that one
of the tool’s main advantages for scientific purposes is the hands-on quantification of
cultural change (Michel et al., 2011). In particular, Michel et al. (2011) presented
different ways of analysis to subject cultural trends to quantitative investigation and to
derive new understanding from the massive aggregation of data. By now, these
suggestions have been gratefully embraced by dozens of studies. In this regard, also

the present thesis exploits the power of the Google Books Ngram Viewer to examine



cultural change, particularly, by investigating social change and human development
based on the concepts of individualism and collectivism (Greenfield, 2009). However,
as with any new and evolving methodology, a careful consideration of potential
limitations and its consequences on data interpretation is inevitable. By taking the
shortfalls of the Google Books Ngram Viewer into account, the present thesis is not
only concerned with the use of the Google Books Ngram Viewer to examine cultural
change but aims at improving the currently applied method by carefully addressing
criticism that has been voiced by the scientific community (see, e.g., Gooding, 2012;
Pechenick et al., 2015; Pettit, 2016).

As part of this general introduction, I will first present the Google Books
Ngram Viewer in detail. In this regard, I will summarize raised criticism. Second, I
will explicate the concepts of individualism and collectivism, particularly with respect
to Greenfield’s (2009) social change and human development theory that constitutes
the main theoretical framework of this thesis. Third, I will point out the theoretical and

methodological interconnectedness of the underlying research articles.

The Google Books Ngram Viewer

The Google Books Ngram Viewer charts the relative frequency of a given string of
characters as found in a corpus of books, printed between 1500 and 2008. A string of
characters — a so-called n-gram — can consist of one word such as “America” (1-gram)
or a sequence of several words such as “the United States of America” (5-gram). As
of today, 22 different language-corpora are available, assigned to one of two versions
— an old and a new version — of the Google Books Ngram Viewer. Whereas the base
corpus of the old version consists of more than 5 million books, covering the languages
English (e.g., American, British, Fiction, One Million), French, Spanish, German,
Chinese, Russian, and Hebrew (Michel et al., 2011), the new version with improved

optical character recognition compromises a total of more than 8 million books,



including Italian-language literature (Lin et al., 2012). Figure 1 shows the surface of

the Google Books Ngram Viewer as accessible via https://books.google.com/ngrams.

Google Books Ngram Viewer

Graph these comma-separated phrases | Jlbert Einstein Sheriock Holmes, Frankenstein J case-insensitive
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Figure 1. The Google Books Ngram Viewer.

The graphs are generated by using the new English corpus and by dividing the number
of the words’ (Albert Einstein, Frankenstein, and Sherlock Holmes) yearly
appearances by the total number of words in the corpus in the respective year.
However, only frequencies of words that appear at least in 40 books across the corpus
are considered. In general, users can manually enter search terms (n-grams consisting
of up to 5 words) and select the time span (between 1500 and 2008), the underlying
corpus (by language, while “(2009)” indicates affiliation to the old version and no date
affiliation to the new version of the corpus), whether graphs shall be displayed
considering raw data or moving averages (i.e., with or without smoothing, where the
selected number indicates the number of years over which an average frequency is
computed), and the preferred search type (i.e., case-insensitive). Further forms of
advanced searches include wildcard search (by putting a * in place of a word the
Google Books Ngram Viewer charts the top ten substitutions), inflection search (by
appending INF to a word its modifications are displayed), part-of-speech-tags (by
appending tags such as VERB, NOUN, ADV, etc. the Google Books Ngram



Viewer distinguishes between verbs, nouns, or adjectives etc.), and compositions (by

66,9

using operators such as “+7, -7, /7 «“*” searches are combined).!

Based on its easy access to big data on cultural products, related to various
cultures and centuries, at almost no labor costs, the Google Books Ngram Viewer
provides far-reaching opportunities for research purposes. However, there are several
shortfalls that require a cautious interpretation of data. Main points of criticism relate
to insufficient optical character recognition regarding the digitization of text. For
example, semantic scanning errors that often affect words including the letters “f” and
“s” might lead to a systematically biased computation of word frequencies. Along
these lines also metadata that is incorrectly populated, i.e., wrong publication dates or
genres, can lead to similar biases. Additional critique refers to the corpora’s large
amount of scientific literature, owed to the fact that most books were drawn from
university libraries. Because books are not chosen based on transparent criteria such
as popularity, single authors might be able to influence the corpus with specific words
and phrases. As a consequence, these words may rather represent an elite minority
than a board population and therefore bias assumptions on the general development of
cultural change over time (see, e.g., Gooding, 2012; Pechenick et al., 2015; Pettit, 2016

for a review on the Google Books Ngram Viewer’s limitations for research purposes).

Social Change and Human Development

This thesis uses the Google Books Ngram Viewer to test theoretical predictions on
cultural change as mainly derived from the social change and human development
theory by Greenfield (2009). The theory links social changes to developmental
changes by arguing that shifts in sociodemographic factors alter cultural values and
developmental patterns. The theoretical starting points for Greenfield’s (2009) theory

are the terms Gemeinschaft (community) and Gesellschaft (society), introduced by the

! For further and more detailed information visit https://books.google.com/ngrams/info.




German sociologist Tonnies (1887/1957). Both concepts are characterized by different
sociodemographic dimensions. A Gemeinschaft, for example, describes a rural,
simple, and small scale ecology with low technological standards, limited educational
access, and a comparably poor economy that pursues subsistence. A Gesellschaft, in
contrast, refers to an urban, large scale, and complex ecology with high technological
standards, a well-developed educational system, and a rather wealthy and commercial
economy. Moreover, whereas relations in a Gemeinschaft are characterized by being
permanent and mostly lifelong, social relations in a Gesellschaft are less enduring and
more often fleeting. The classical concepts of “collectivism and individualism
summarize social adaptations to the two types of environment” (Greenfield, 2009,
p.401).? In particular, collectivistic values, behavior, and psychology are adapted to
Gemeinschaft environments whereas individualistic values, behavior, and psychology
are adapted to Gesellschaft environments. Although previous research has already
recognized that sociodemographic shifts move values from more collectivistic to more
individualistic manifestations (see, e.g., Triandis, 1993 and Hofstede, 2001),
Greenfield’s (2009) theory provides an in-depth understanding of the transformation
and the development of cultural changes based on the two distinct environments.
Using the Google Books Ngram Viewer, Greenfield (2013) and Zeng and
Greenfield (2015) empirically tested the assumptions of the social change and human
development theory for the US, UK, and China. In particular, both studies examined
the influence of dominant sociodemographic trends such as the movement from rural
environments, informal education, and a subsidence economy to urban environments,
formal education, and commerce on values and behavior. By a visual and quantitative
examination of frequencies of individualistic (Gesellschaft-indexed) and collectivistic

(Gemeinschaft-indexed) American and British English as well as Chinese words,

2 Although Greenfield (2009) suggests that “the terms individualism and collectivism do not adequately
describe cognitive adaptations to the two types of environment [and that] the ecologies have greater
explanatory power” (p.403), within the scope of this thesis, the terms Gemeinschaft and collectivism as
well as the terms Gesellschaft and individualism are used interchangeably.



respectively, both studies noted a shift towards increased individualism over time. To
reinforce the relationship between changes in ecology and values, Zeng and Greenfield
(2015) placed special emphasis on an additional investigation of the correlations
between word frequencies and changes in the sociodemographic factors urbanization,

wealth, and formal schooling.

Present Research

The first research article, published in the International Journal of Psychology, builds
on Greenfield’s (2009) theoretical predictions by replicating Greenfield’s (2013) study
using the German Google Ngram corpus. Further, we systematically considered
synonyms as an improvement on the method. With this study, we aimed at providing
further evidence for the general universality of Greenfield’s (2009) social change and
human development theory. In addition, we strove for showing that cultural changes
can be bidirectional. In particular, due to the Germans’ special situation during World
War II, we expected a reversal from individualistic to collectivistic values in this
period. To conduct the analysis, we translated Greenfield’s (2013) English words to
German. We then used the Google Books Ngram Viewer to compare frequencies of
individualistic and collectivistic German words between the years 1800 and 2000, with
a special focus on World War II. Because the criteria for Greenfield’s (2013) explicit
choice of words were not clearly indicated and the subjective choice of a specific word
may influence the overall results (e.g., by substituting Greenfield’s (2013)
collectivistic word “worship” with the synonym “ritual” an increase instead of a
decrease is observed), we additionally selected the first three synonyms for any
translated German word, as listed in a thesaurus. Descriptive as well as quantitative
investigations show an overall increase in the frequency of individualistic words,
whereas the frequency of collectivistic words decreased. As expected, during the years
of war there is a reversal that indicates the development towards a more collectivistic

culture at this time. Overall, our findings suggest that based on the Germans’



continuous movement from rural to urban areas, also the society became more
individualistic over time.

The second research article, published in PLOS ONE, constitutes a guideline
on how to conduct Google Ngram studies and increase the reliability of results. The
guideline proposes five procedures, namely the use of (I) multiple language corpora,
(I) an English fiction corpus, (III) word inflections, (IV) synonyms, and (V) a
standardization procedure that accounts for Google Ngram’s data influx while treating
all investigated words equally. In addition, it provides a clear roadmap on how to use
the procedures in combination and a way to deal with potential influences of
censorship and propaganda. The procedures are illustrated in a step-by-step example,
investigating the development of the importance of religion between the years 1900
and 2000. By comparing the results obtained through the different methods, the study
points out that the application and especially the combination of our suggested
procedures can increase the reliability of results and prevent researchers from deriving
wrong and undifferentiated assumptions. The study thereby builds on the first research
article where we already introduced the systematic consideration of synonyms as an
improvement on the method. We incorporated this valuable procedure in the guideline
and provided suggestions on how to apply it in a cross-cultural setting. Further, by
exemplarily studying the development of the importance of religion, the second
research article focuses likewise on the development of social change, particularly the
decrease of collectivistic values. In line with theoretical predications, we observe a
drop in the importance of religion over time. However, in accordance with the findings
of the first study, there is a reversal during World War II which supports the argument
that cultural changes can be bidirectional.

The third research article studies the development of the expression of
emotions in China over time by focusing on the Chinese Google Ngram corpus. In
close relation to the first article, we use Greenfield’s (2009) social change and human

development theory as the underlying conceptual framework and apply — whenever



possible — the procedures suggested in the guideline of the second research article. In
this study, we specifically focus on China for the following two reasons. First, as a
traditional collectivistic society, China’s recent transformative changes in its social
ecology have required its people to face great challenges concerning their long-
established values and behavior. Thus, we expect to observe a development towards
individualism in a more distinct way. In particular, based on the differences in the use
and perception of positive and negative emotions in individualistic and collectivistic
societies, we predict that the frequency of positive Chinese emotion words increased,
whereas the frequency of negative Chinese emotion words decreased between the
years 1970 to 2008. Second, because the Chinese language is not based on a Latin
alphabet, we show how the guideline of the second research article can be applied and
extended for studies that use the more error-prone Chinese corpus. In this respect, we
developed and applied an additional corpus-specific procedure that researchers can
consider to reinforce the reliability of results. In particular, we investigated whether
corpus-specific biases such as scanning errors may lead to the occurrence of similar
frequency patterns for a set of emotion words and a further set of optically similar but
unrelated expressions. Overall, results do not seem to be influenced by any corpus-
specific biases. In addition, based on China’s urbanization, the increase in the level of
wealth, and the trend towards formal education, the findings suggest that the country’s
development towards a more individualistic society results in an increase in the use of

positive emotions and a decrease in the use of negative emotions.
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his article provides evidence for the long-term affiliation between ecological and cultural changes in

German-speaking countries, based on the assumptions derived from social change and human development
theory. Based on this theory, the increase in urbanisation, as a measure of ecological change, is associated with significant
cultural changes of psychology. Whereas urbanisation is linked to greater individualistic values and materialistic attitudes,
rural environments are strongly associated with collectivistic values like allegiance, prevalence of religion, and feelings of
belonging and benevolence. Due to an increase in the German urbanisation rate over time, our study investigates whether
Germany and the German-speaking countries around show the presumed changes in psychology. By using Google Books
Ngram Viewer, we find that word frequencies, signifying individualistic (collectivistic) values, are positively (negatively)
related to the urbanisation rate of Germany. Our results indicate that predictions about implications of an urbanising
population for the psychology of culture hold true, supporting international universality of the social change and human
development theory. Furthermore, we provide evidence for a predicted reversal for the time during and after World War

11, reflecting Nazi propaganda and influence.
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Tonnies (1887/1957) presented a normative theory that
contained ideal types of social organisations. His concep-
tion of a social systems’ nature relies on the distinction
between Gemeinschaft (community) and Gesellschaft
(society). Gemeinschaft is characterised by a rural envi-
ronment, simple face-to-face relationships, low levels of
technology, limited education and a life of need rather
than of wealth. On the other hand, he defines Gesellschaft
as an urban environment—a modern society with high
levels of technology and wealth. Whereas the bonds of
family and religion are weaker, economies are oriented
not only towards subsistence but also towards commer-
cial growth. Education becomes important and takes
place at schools. Tonnies” (1887/1957) understanding
of Gemeinschaft and Gesellschaft built the corner-
stones of Greenfield’s (2009) social change and human
development theory, which suggests that changes in
sociodemographic ecologies such as the global increase
in the rate of urbanisation impacts on cultural values and
influences learning and development.

Although previous research has recognised and dis-
cussed the importance of macro-level social changes
on human development (cf. Silbereisen & Chen, 2010
for a review), Greenfield (2013) and Zeng and Green-
field (2015) provide novel empirical evidence for their
hypothesis of urbanisation as a major driving factor
of cultural change. In particular, they show that over
time, word frequencies representing Gesellschaft (i.e.,
individualistic) values increase with growing urban
population in the United States, United Kingdom and
China whereas Gemeinschaft (i.e., collectivistic) values
decrease. In line with Grossmann and Varnum (2015),
who suggest that the development of Gesellschaft val-
ues is less robust to changes in urbanisation, Zeng and
Greenfield (2015) show that besides urbanisation other
sociodemographic factors such as shifts in socioeco-
nomic status, for example, measured by personal wealth,
are also associated with a cultural change.

Within the last centuries, the rate of urbanisation
has increased drastically and globally. Related to the
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industrialisation in Europe and the United States, Béhr
(2007) documents massive migration from rural to urban
regions leading to a strong increase in the urbanisation
rate. Although urbanisation arrived later in some coun-
tries, it has become a global trend. In this article, we
investigate whether Germany and the German-speaking
regions in the countries around moved from Gemein-
schaft towards Gesellschaft during the last two centuries.
Moreover, due to “Gleichschaltung” (establishing a
system of totalitarian control and coordination, “from
the economy and trade associations to the media, cul-
ture and education,” Strupp, 2013) of personal beliefs,
desires and interests, and the sustained propaganda of
collectivistic virtues such as responsibility, initiative
and courage by National Socialist (i.e., Nazi) ideology
(Follmer, 2010), we predict a reversal at the time of
World War II. In particular, given that changes can
be bidirectional and shifts from Gesellschaft back to
Gemeinschaft are possible (Inglehart & Baker, 2000;
Park, Twenge, & Greenfield, 2014), we propose that
although there is an overall trend from Gemeinschaft
to Gesellschaft, during and shortly after World War II
the German society moved from Gesellschaft towards
Gemeinschafft.

Cultural values are reflected in terms used in writ-
ings. Thus, to provide evidence for the long-term cul-
tural change in values, we use the Google Books Ngram
Viewer (https://books.google.com/ngrams). By searching
millions of digitalised books and quantitatively analysing
changes in word frequencies, this tool has been designed
to investigate cultural trends and salient semiotic devel-
opments (Michel etal., 2011).

Social change and human development

Classical concepts of individualism and collectivism char-
acterise individualistic cultures as being autonomous
from their in-groups and prioritising the achievement
of personal goals, whereas people in collectivistic cul-
tures arc considered to be more interdependent with their
in-groups and more concerned with relationships (cf.
Triandis, 2001 for a review). Although previous research
has noted the impact of sociodemographic influences with
respect to increasing individualism (cf. Hofstede, 2001;
Triandis, 1993), Greenfield’s (2009) theory of social
change and human development provides an in-depth
explanation for the transformation and the development
of cultural values based on different ecological types. In
particular, Greenficld (2009) considers Gemeinschaft and
Gesellschaft as prototypical sociocultural ecologies and
defines them with contrasting characteristics representing
individualism and collectivism, for example, technology
and prosperity levels, religious awareness, economic sys-
tems, social relations and educational practices.

In line with Tonnies (1887/1957), Greenfield (2009)
assigns values such as, for example, obligations and con-
scientiousness, general welfare, and a lifestyle accord-
ing to religious duties (cf. Chalfant & Heller, 1991) to
Gemeinschaft, that is, the focus lies on the community.
In contrast, feelings, desires and personal aspects are
more important in a Gesellschaft (cf. Inglehart & Baker,
2000; Kraus, Piff, Mendoza-Denton, Rheinschmidt, &
Keltner, 2012), that is, the focus lies on the individual.
Greenfield (2009) points out that in a Gesellschaft, indi-
viduals of lower social status as well as those living in
rural areas, are rather associated to a Gemeinschaft than
a Gesellschaft with its respective values. Therefore, it is
assumed that individuals of lower status are more benev-
olent, and socially dependent than people of higher status
(Kraus etal., 2012). Although shifts from Gesellschaft to
Gemeinschaft are possible, on a whole, cultural changes
are supposed to move in the direction of Gesellschaft
and therefore lead to more materialism and individualism,
based on an increase in urbanisation, wealth, technolog-
ical progress and better educational systems (Greenfield,
2009; Park etal., 2014; Uhls & Greenfield, 2011).

METHODOLOGY AND PROCEDURE

Greenfield (2013) uses the level of urbanisation as a proxy
for the whole complex of Gesellschaft factors and pro-
vides evidence that for the United States and United King-
dom, the movement from rural to urban environments is
a potential driver of a change in values. As the German
urbanisation rate highly correlates with the rates of the
United States and United Kingdom (cf. Bihr, 2007), we
assume a similar change in values for Germany and the
German-speaking regions in neighbouring countries over
time. In order to test this assumption, we examine the
change in word frequencies in German language books
to measure changes in cultural values, using the Google
Books Ngram Viewer.

Research methods have seen unprecedented improve-
ments and opportunities from the Internet (cf. Reips, 2008
for areview). In 2004, Google Books constructed a corpus
of digitalised texts containing approximately 15 million
of the estimated 129 million books published between
1500 and 2008. These books, mainly scanned from
large libraries around the world (e.g., Harvard Univer-
sity Library, New York Public Library, Stanford Univer-
sity Library, University of Michigan Library, University
of Oxford Library and The Bavarian State Library), con-
tain approximately 500 billion words in seven languages,
namely Chinese, English, French, German, Hebrew, Rus-
sian and Spanish. For our study of German terms, we can
rely on a corpus of around 37 billion words. Whereas
in carly centuries only a few books per year were avail-
able, the main publication time span ranges from 1800 to
2000. The Google Books Ngram Viewer computes word
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TABLE 1
Overview of value-carrying words representing Gemeinschaft and Gesellschaft
Greenfield (2013) German translation
Gemeinschaft ~ obliged duty versprechen Pflicht
give benevolence geben Giite
act deed handeln Handlung
obedience, authority, pray, belong, power, worship, join, Gehorsam, Amtsgewalt, beten, gehoren, Macht, Verehrung,
conformity zugesellen, Gleichférmigkeit
Gesellschaft choose decision auswihlen Entscheidung
get acquisition bekommen Kauf
feel emotion spiiren Emotion
individual, unique, child, self, personal, ego, baby, individuell, einzigartig, Kind, Selbst, personlich, Ego,
special Baby, speziell

Note: Column I presents Gemeinschaft-indexed and Gesellschaft-indexed words selected by Greenfield (2013). Column II displays German words,
equivalent to Greenfield’s (2013) Gemeinschaft-indexed and Gesellschaft-indexed words.

frequency by dividing the number of respective words’
yearly instances by the total number of words in the
respective year (Michel etal., 2011).

In order to obtain a qualitatively equal sample of terms
as in Greenfield (2013), we also choose the time span
1800-2000. Greenfield (2013) selects six verbs (or adjec-
tives) and six-related noun synonyms. Furthermore, she
uses eight additional words as robustness, each indexing
either Gemeinschaft or Gesellschaft. We translate each
of Greenfield’s (2013) 28 English value-indexed words
into German using the first adequate entry of the online
dictionary Pons.! Following Zeng and Greenfield (2015),
we additionally asked two native German speakers, a
31-year-old male and a 56-year-old female to judge each
translation on its usage contexts and underlying meaning.
Without discussion, they both validated that the semantic
interpretations of the German words do not ditfer from the
English originals selected by Greenfield (2013).

Table 1 presents an overview of words selected by
Greenfield (2013) and their translations to German. How-
ever, as Greenfield’s selection of Gemeinschaft-indexed
and Gesellschaft-indexed words can be argued to lack a
clear criterion,> we improve on the method by collecting
the first three one-word synonyms for the semantically
most adequate grouping listed in Duden Synonymwdarter-
buch (2014) for each translation of Greenfield’s (2013)
robustness words (obedience, authority, pray, belong,
power, worship, join, conformity individual, unique,
child, self, personal ego, baby, special). Furthermore, we
model and test for a temporal trend in the Google Ngram
word frequency data by using various regression models.

Finally, we follow Zeng and Greenfield (2015) and estab-
lish a link between the change in values and ecological
conditions by computing correlations between the annual
frequency of German words and the urbanisation rate in
the corresponding year.

RESULTS

The first contrasting words and underlying values that
were examined by Greenfield (2013) are “obliged” and
“duty” (Gemeinschaft-indexed, i.e., collectivistic) versus
“choose” and “decision” (Gesellschaft-indexed, i.e., indi-
vidualistic). While the first two words show a decrease
over time the last two words exhibit an increase. In order
to examine the respective value change for German, we
select “Pflicht” (duty) and “versprechen” (obliged) as well
as “Entscheidung” (decision) and “auswéhlen” (choose).

Figure 1 shows the difference in word frequency
over the time span 1800-2000. In line with the find-
ings of Greenfield (2013), the relative word frequency
of “Entscheidung” (decision) almost tripled, whereas
“Pflicht” (duty) displays an approximately fivefold
decrease over time. Similar results are obtained for the
verbs “versprechen” (obliged) and “auswihlen” (choose)
but we refrain from including their word frequencies in
the same figure due to scaling differences.

The difference between getting something for oneself
(Gesellschaft-indexed) and contributing to common good
(Gemeinschaft-indexed) is represented by the words “get”
and “acquisition” as well as “give” and “benevolence,”
respectively. Greenfield (2013) observed a decrease for

!http://de.pons.com/. Exceptions are “versprechen,” “Handlung,” “Amtsgewalt,” “Gleichformigkeit” and “Kauf.” We use “versprechen” (promise)
rather than “verpflichten” (a direct translation of obliged) because “verpflichten” is mostly used in a military context. For “deed” the word “Tat”
cannot be selected because it has a second meaning as the past tense of “tun” (do). For this reason, we choose the second translation “Handlung.” For
“conformity” we only obtain “Konformismus.” As this technical term is not used steadily over time, we use the Duden dictionary (http://www.duden
.de/suchen/englisch/conformity) to recheck and obtain “Gleichférmigkeit.” For “acquisition” with respect to purchase we receive “Anschaffung,” a

rarely used term. Due to a higher frequency we use the word “Kauf.”

2Greenfield (2013) states that words were chosen according to the following criteria: theory relevance, high frequency and narrow range of semantic

interpretations.
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Figure 1. Frequency of the words “Pflicht” (duty) and “Entscheidung” (decision) in the Google corpus of German books from the years 1800 to 2000.
The graph was made with the Google Books Ngram Viewer (Michel etal., 2011), with the standard smoothing of 3.
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Figure 2. Frequency of the words “Giite” (benevolence) and “Kauf” (acquisition) in the Google corpus of German books from the years 1800 to 2000.
The graph was made with the Google Books Ngram Viewer (Michel etal., 2011), with the standard smoothing of 3.

the first and an increase for the latter terms for the United
States and United Kingdom. The respective German terms
are “Giite” (benevolence) and “geben” (give) as well as
“Kauf” (acquisition) and “bekommen” (get).

Figure 2 shows the Gesellschaft-indexed word “Kauf”
(acquisition) increased over time, whereas the Gemein-
schaft-indexed “Giite” (benevolence) decreased drasti-
cally. However, between 1940 and 1950, an increase in
“Giite” (benevolence) is observed (and a correspond-
ing slight decline of “Kauf”). This reversal of cultural
change likely occurs due to the end of World War II in
1945 and Nazi ideology. While conformity and equality
were highly propagandised during the Nazi Regime, to
return to normal life, benevolence among people was of
utmost importance after the war. One example is Triim-
merfrauen (ruin women), who helped clear and recon-
struct bombed cities as part of a new community. In line
with these findings, Greenfield (2013) found a decline
in “get” for the United States. She also assumed that
this might represent a decrease in self-interest, based on
the entering of the War in 1940. Although “bekommen”

(get) does not increase as strong as “Kauf” (acquisi-
tion), overall, “bekommen” (get) and “geben” (give) show
similar patterns as the respective nouns. Again, due to
scaling differences, verbs and nouns are not displayed
simultaneously.

Furthermore, Greenfield (2013) used “act” and “deed”
(Gemeinschaft-indexed) as well as “feel” and “emo-
tion” (Gesellschaft-indexed) to contrast that in Gemein-
schaft individuals appreciate the social world associ-
ated with action or behaviour, whereas in a Gesellschaft
the inner psychological process is focused on. To repli-
cate the findings in German, we examine “Handlung”
(deed) and “handeln” (act) as well as “Emotion” (emo-
tion) and “spiiren” (feel). In line with Greenfield (2013),
who reported a rise in “feel” and a strong decline in
“act,” our German translations display a consistent pat-
tern. “Handlung” (deed) declined fourfold compared to
the approximate 200-fold increase in “Emotion.” For
“handeln” (act) and “spiiren” (feel) we find similar results.
Whereas “handeln” (act) declined over time, “spiiren”
(feel) rose and reached its peak around 1940. In 2000,

13
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Figure 3. Frequency of words representing Gemeinschaft-indexed values from the years 1800 through 2000. The graph was made with the Google
Books Ngram Viewer (Michel etal., 2011), with the standard smoothing of 3.
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Figure 4. Frequency of words representing Gesellschaft-indexed values from the years 1800 through 2000. The graph was made with the Google
Books Ngram Viewer (Michel etal., 2011), with the standard smoothing of 3.

“spiiren” (feel) exhibited a more than fivefold increase
since 1800.

Finally, in order to highlight the “child”-centred
socialisation to a “unique,” “individual,” “self” in a
Gesellschaft, the quoted words were investigated. To
test for robustness, Greenfield (2013) selected “baby,”
“personal,” “special” and “ego” (Gesellschaft-indexed).
An overall rise was observed, whereas words such as
“obedience,” “authority,” “belong” and “pray” with the
synonyms “conformity,” “power,” “join” and “worship”
(Gemeinschaft-indexed) were reported to display an
overall decrease over time. Thus, due to an increase in
rural population, we expect the frequency of words with
respect to the individual, the center of a Gesellschafft,
to rise. Frequencies of words related to the community,
religion and belonging are expected to decline. We
replicate Greenfield’s (2013) results by using the words
“individuell” (individual), “einzigartig” (unique), “Kind”
(child) and “Selbst” (self) with “personlich” (personal),
“Ego” (ego), “Baby” (baby) and “speziell” (special).

Figure 3 presents the predicted decrease in Gemein-
schaft values by a decline in the frequency of the

words “Gehorsam” (obedience), “Verehrung” (worship),
“beten” (pray), “Gleichtférmigkeit” (conformity), “Amts-
gewalt” (authority) and “zugesellen” (join). A similar
picture is given for the synonyms “Macht” (power) and
“gehoren” (belong).> However, as predicted due to Nazi
propaganda in World War II and in contrast to the United
States and United Kingdom, an increase in word fre-
quencies for the majority of examined terms is observed
for the years between 1941 and 1945. On the one hand,
Nazi ideology tried to create a feeling of affiliation, on
the other hand total obedience and worship (Verchrung)
of Hitler was demanded (Welch, 2004). The observable
increase in “beten” (pray) might likely be associated
with people writing about God and faith to cope with the
atrocities and hardships of dictatorship and war.

Figure 4 displays results for words representing
Gesellschaft values, confirming the results of Greenfield
(2013) by presenting a continuous increase for words
associated with the development of a unique individual.

To review whether our results are indeed transferable
to the social change and human development theory by
Greenfield (2009), we conduct a set of robustness checks.

3“Macht” (power) and “gehdren” (belong) as well as “Kind” (child), “speziell” (special) and “Selbst” (self) are not displayed due to scaling

differences. However, overall results do not change.
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TABLE 2
Overview of value-carrying words representing Gesellschaft and Gemeinschaft

Panel A: Gesellschaft

Greenfield (2013) German translation Synonyms

personal personlich eigen individuell privat
individual individuell eigen personlich privat

baby Baby Kind Neugeborenes Sdugling
child Kind Baby Neugeborenes Sdugling
ego Ego —

self Selbst —

special speziell auBergewohnlich eigenwillig extravagant
unique einzigartig aufergewohnlich beispiellos einmalig
Panel B: Gemeinschaft

Greenfield (2013) German translation Synonyms

obedience Gehorsam Ergebenheit Folgsamkeit Fligsamkeit
authority Amtsgewalt —

pray beten bitten flehen

belong gehdren angehoren zugehoren

power Macht Ansehen Autoritit Einfluss
worship Verehrung Anbetung Glaube Kult

join zugesellen —

conformity Gleichformigkeit —

Note: Column I presents Gesellschaft-indexed words (Panel A) and Gemeinschaft-indexed words (Panel B) selected by Greenfield (2013). Column 1T
displays German words, equivalent to Greenfield’s (2013) Gesellschaft-indexed words (Panel A) and Gemeinschaft-indexed words (Panel B). Columns
II-V (Panels A and B) provide synonyms for each German equivalent, obtained via Duden Synonymwérterbuch (2014).

TABLE 3
Descriptive statistics of synonyms obtained from Duden Synonymw édrterbuch (2014)
Gesellschaft Gemeinschaft Total
Number of Greenfield’s (2013) robustness words 8 8 16
Number of Duden synonyms 18 (13) 13 (13) 31 (26)
Number of synonyms with predicted change in frequency 15 (1) 9(9) 24 (20)
Number of synonyms without predicted change in frequency 3(2) 4(4) 7 (6)

Note: The number of unique words is put in parentheses.

First, we collect three synonyms for each translation
of Greenfield’s (2013) robustness words (obedience,
authority, pray, belong, power, worship, join, conformity
individual, unique, child, self, personal ego, baby, spe-
cial). We obtain our synonyms by using the first three
one-word synonyms for the semantically most adequate
grouping listed in Duden Synonymwirterbuch (2014).
We avoid choosing words that appear to be colloquial,
dialect, humourous or obsolete. Based on this procedure,
we exclude “selber” as a form of “personlich” (personal),
as well as “Bébé,” “Wickelkind” and “Kleinstkind™ as
synonyms for “Baby” (baby). The main advantage of
this approach is that the sclection of words is performed
mechanically, using the major German dictionary of

synonyms. Hence, the analysis is robust to the choice of
translation.

Table 2 provides an overview of Greenfield’s (2013)
Gesellschaft-indexed robustness words (Panel A) and
Gemeinschaft-indexed robustness words (Panel B), as
well as their German translations, and respective Ger-
man synonyms obtained from Duden Synonymwirter-
buch (2014).*

Table 3 shows descriptive statistics of the change
in frequency for all synonyms presented in Table 2.
For Greenfield’s (2013) Gesellschaft-indexed robust-
ness words (personal, individual, baby, child, ego,
self, special and unique), we obtain 18 synonyms in
total, using the first three synonyms listed in Duden

4For the Gesellschaft-indexed words “Ego” (ego) and “Selbst” (self) and the Gemeinschaft-indexed words “Amtsgewalt” (authority), “zugesellen”
(join) and “Gleichformigkeit” (conformity) Duden Synonymwdirterbuch (2014) lists no synonyms. For “Kind” (child), one of the three proposed
synonyms by Duden Synonymwdrterbuch (2014) is “Wurm,” which we excluded because it mainly signifies the animal worm. Further, we skip
“ausgefallen” as a synonym for “speziell” because it is often translated with “out of order.”
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TABLE 4
Results of the regression analysis
t P ¥ F df P Adj. R?
Model 1 764.61 199 .000 7924
Year 27.65 .000 4.32e-06
Model 11 1797.89 199 .000 .8998
Year —42.40 .000 —.0000125
Model 111 4925.56 199 .000 9610
Year —70.18 .000 —.0000168
Model IV 1841.42 197 .000 .9650
Year —73.27 .000 —.000017
Nazi Regime -3.39 .001 —.0664793
Year X Nazi Regime 3.40 .001 .0000343

Note: The dependent variable for Model I (and II) is the mean word frequency of Gesellschaft-indexed (and Gemeinschaft-indexed) words. The
dependent variable for Models III and IV is the mean word frequency of Gemeinschaft minus Gesellschaft. N =201. Nazi Regime is a dummy equal

to one if the year is between 1935 and 1950 and zero otherwise.

Synonymwdorterbuch (2014) wherever possible. How-
ever, as her Gesellschaft-indexed robustness words
are semantically very similar, only 13 of 18 syn-
onyms are unique words. Out of these words, only
“Kind” (child) and “eigen” (personal/individual) do
not show an overall increase. Nevertheless, substituting
“eigen” with one of its inflections, that is, “eigene,”
“eigener,” or “eigenes,” the predicted increase over
time is observed. For Greenfield’s (2013) Gemein-
schaft-indexed robustness words (obedience, authority,
pray, belong, power, worship, join, conformity), we also
obtain 13 different synonyms. “Autoritit” (power) and
“Kult” (worship) show an overall increase with peaks
in 1950. Since that time “Autoritdt” (power) displays a
steep decline, whereas “Kult” (worship) has been rising
again since 1990. On the other hand, “Fiigsamkeit”
(obedience) and “angehoren” (belong) reach their peaks
between 1860 and 1880. From that time on, both words
show a steady decline. Overall, we observe the pre-
dicted theory-based increase for Gesellschaft-indexed
and decrease for Gemeinschaft-indexed synonyms
over time.

Second, in addition to our descriptive analysis, we go
further by modelling and testing for a temporal trend
in the Google Ngram word frequency data, that is, by
identifying changes in values over time. In particular, we
access annual raw data for the years 1800—2000 of all
translated words and Duden Synonymwdorterbuch (2014)
synonyms.> With this data, we run various regression
models displayed in Table 4.

The regression result of Model I shows that the mean
frequency of Gesellschaft-indexed words (dependent
variable) significantly increases with time (independent
variable), whercas the mecan frequency of Gemein-
schaft-indexed words decreases (Model II). Model III
shows that the difference between the mean frequency of
Gemeinschaft-indexed words and the mean [requency of
Gesellschaft-indexed words decreases significantly with
respect to the year indicating a change in values off from
Gemeinschaft towards Gesellschaft over time. In Model
IV, we additionally include a dummy variable that is
equal to one if the year indicates the time between 1935
and 1950 (lagged time of Nazi Regime)® and zero other-
wise, and an interaction term of the year and this dummy
variable. The interaction term evidences that there is a
significant countermovement in values during the Nazi
Regime. This manifests the reliance of the method, that
is, changes in word frequency seem to indicate changes
in social and cultural values, as well as predicted changes
for the German-speaking population.

Third, in order to establish the link between the change
in values and changes in ecological conditions, we follow
Zeng and Greenfield (2015) and compute correlations
between the annual frequency of German words covered
by Table 1 and the size of the urban population in the
corresponding year. For this purpose, we obtain data on
the urban population of Germany between 1961 and 2000
from the World Bank.’

Table 5 (column 1) shows the correlation coef-
ficients for German  Gesellschaft-indexed and

SWe add one inflection of “eigen” namely “eigene.” Furthermore, by choosing the time span 1800—2000, we keep our sample well comparable to
Greenfield (2013). However, results remained unchanged for the time span 1800—-2008.

9We investigate a lagged time horizon to account for the fact that there might be a delay in value development and publication during the Nazi regime.
Results remain robust for the exact time period of the Nazi regime, 1933—1945.

TThe data (http://data.worldbank.org) roughly covers 40 years of our sample period. This should be long enough to identify a structural relationship
between urbanisation and social values. Furthermore, because Grossmann and Varnum (2015) argue that urbanisation might be less robustly associated
with a change in individualism we calculate (lagged) correlations between wealth increase as a proxy of socioeconomic status and German word
frequencies representing Gesellschaft and Gemeinschaft values. Results remained stable and can be requested from the authors.
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TABLE 5

Correlations between urban population and German word frequencies representing Gesellschaft and Gemeinschaft values

Panel A: Gesellschaft Urban population Urban population time lag one year Urban population time lag two years
decision— Entscheidung —-.1327 —.1947 —.2858*
choose—auswiihlen 7688 ** 17545 %% 7785
get—bekommen 782 1629%%* TA48HH*
acquisition—Kauf .9370%** 9419%%* .9323% %
feel—spiiren .0370 .0781 1335
emotion—Emotion 8741%%* 8004 *** .8616%***
individual —individuell 9116%* 922 5%k 93283
unique—einzigartig L6954 %3 6954 %% 6982 %
child—Kind 67T5%** L6572%%* .6508%**
self—Selbst 128 1#F* 122845k T180%**
personal —personlich —.0668 —.0366 —.0025
ego—Ego 8273 .8455%#* BO71***
baby—Baby .8425% .8396% 8360
special —speziell A4023%* 3778%* 3525%%*
Panel B: Gemeinschaft Urban population Urban population time lag one year Urban population time lag two years
duty—Pflicht —.8428%** —.8558%#* —.8715%**
benevolence—Giite —.8641%%* —.8686%** —.8700%**
obliged— versprechen 5258 5647%%* 5802
give—geben —.8542%%* —.8658%** —.8785%**
deed—Handlung —.3571%* —.3675%* —.3719%*
act—handeln —.6667*** —.6693%** —.6820%**
authority— Amtsgewalt —.7841%** —.7996%* —.8092%*
obedience—Gehorsam —.8033%** —.8199%** —.8362%**
power—Macht —.8272%%* —.8359%** —.8481%**
belong—gehdren —.8753%%* —.8859%#* —.8051%**
pray—beten —.S5127%%* —.4042%%% —.4619%**
join—zugesellen —.8815%** —.8903%** —.8964%**
worship— Verehrung —.8131%** —.8073%** —.7980%**
conformity — Gleichformigkeit —.8815%** —.8782%** —.8749%**

Note: Data of urban population are from the World Bank. Column I shows the correlation coefficients for German Gesellschaft-indexed and
Gemeinschaft-indexed words with urban population in the respective year. Columns II respectively I1I calculate correlations for the urban population

in year x, using word frequency of year x4 1 and year x + 2, respectively.
*p <.10, **p < .05, #**p < .01.

Gemeinschaft-indexed words with urban population
in the respective year. All significant correlations exhibit
the predicted direction. In particular, words representing
Gesellschaft values, that is, individualistic values—
(choose), (get), “Kauf”
(acquisition), “Emotion” (emotion), “individuell” (indi-
vidual), “einzigartig” (unique), “Kind” (child), “Selbst”
(self), “Ego” (ego), “Baby” (baby), “speziell” (special)—
are significantly positively correlated with size of the
urban population (r=.402 to r=.937, p <.05). In addi-
tion, words representing Gemeinschaft values, that is,

“auswahlen” “bekommen”

collectivistic values—“Pflicht” (duty), “Giite” (benev-
olence), “geben” (give), “Handlung” (deed), “handeln”
(act), “Amtsgewalt” (authority), “Gehorsam” (obedi-
ence), “Macht” (power), “gehdren” (belong), “beten”
(pray)—are significantly negatively correlated with size
of the urban population (r =—.368 to r=—.890, p <.05).

We additionally control for possible time lags between
writing and publishing in columns 2 and 3. In par-
ticular, we recalculate the correlations between size of
the urban population in the period 1961-1999 (respec-
tively 1961-1998) and word frequencies in the period
1962-2000 (respectively 1963-2000) and test for sig-
nificance. Almost all correlations show unchanged pat-
terns. The frequency of Gesellschaft-indexed words cor-
relates significantly positive with size of the urban pop-
ulation (r=.353 to r=.933, p <.05) whereas Gemein-
schaft-indexed words correlate significantly negative with
size of the urban population (r=-.368 to r=-.896,
p <.05).

Although correlations exhibit predicted relations and
suggest that urbanisation might drive social values as
measured via word frequencies, we cannot argue that
there is a clear causal relationship. The relationship
could be reverse, bidirectional, or there might exist
latent variables that influence both, a change in social
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Figure 5. Frequency of the words “ritual” and “worship” in the Google corpus of American English books from the years 1800 to 2000. The graph
was made with the Google Books Ngram Viewer (Michel etal., 2011), with the standard smoothing of 3.

structure as well as in word frequency. However, the
large number of tested words attributes at least a pre-
dictive power to urbanisation with respect to cultural
changes.

DISCUSSION

The theory of social change and human development
predicts a global shift from Gemeinschaft to Gesellschaft
based on sociodemographic changes. By using the
Google Ngram Viewer, Greenfield (2013) and Zeng and
Greenfield (2015) confirm this hypothesis for the United
States, United Kingdom and China by respective shifts in
word frequency in American English, British English and
Chinese books. We replicate these findings for the Ger-
man language culture and improve on the methodology
by testing for the first three one-word synonyms listed in
the most widely referenced synonym dictionary Duden
Synonymwdorterbuch  (2014). Investigating changes
in the German culture is especially interesting because
of the Germans’ role in World War II. In particular, we use
the time period during and shortly after the war as a spe-
cific historical event with expected reversal of the global
shift in cultural changes. We assume that the reported
increase in the frequency of Gemeinschaft-indexed
words might originate from Nazi-controlled publishing
and the sustained propaganda of collectivistic values
(Follmer, 2010). Moreover, our results show that the
overall increase in individualistic values is highly cor-
related with an increase in urbanisation. However, no
causal relationship can be determined and urbanisation
can only be viewed as a potential driver for this cultural
development. Furthermore, in our study as well as in the
study of Zeng and Greenfield (2015) a small fraction of
words does not display the predicted directional trend.
The persistence of or even increase in Gemeinschaft
values may indicate a persisting cultural heritage that
in some circumstances might contradict the process of
social change (Hamamura, 2012).

Several studies have used Google Ngram to highlight
cultural changes (Greenfield, 2013; Hamamura & Xu,
2015; Kesebir & Kesebir, 2012; Michel etal., 2011; Oishi,
Graham, Kesebir, & Galinha, 2013; Twenge, Campbell, &
Gentile, 2012a, 2012b; Xu & Hamamura, 2014; Yu etal.,
2016; Zeng & Greenfield, 2015). With respect to this
methodology, Twenge etal. (2012a) argue that studying
language use in books allows to capture cultural changes
from an individual level to group level. In fact, they sug-
gest that books as cultural constructs mirror the viewpoint
of authors, representing cultural changes of an influen-
tial portion of population, but might also highlight shifts
in preferences, that is, what is in demand. We arc aware
that this reasoning simultaneously highlights the limi-
tations of the methodology. In their work, Michel etal.
(2011) admit that the corpus of literature is limited by
the books obtained and preserved by the library part-
ners of Google Books, raising criticism that the selection
of books might not be enough to represent the major-
ity of books and therefore culture in general. Finke and
McClure (2015) address these concerns by investigat-
ing whether cultural and religious trends become visible
through Ngram traces. Although the authors suggest to
make use of a mix of methods in order to improve under-
standing, their results show that the Ngram Viewer is able
to chart significant historical events in cultural and reli-
gious context. An issue with the original study by Green-
field (2013) remains in the criteria for the selection of
terms and synonyms. The problem continues with the
selection of translations.

Figure 5 highlights this problem. Replacing Green-
field’s (2013) “worship” with the synonym “ritual,” the
picture changes completely and the predicted decrease
turns into an increase. The same reversal is found for the
German translation. By substituting “Verehrung” (wor-
ship) with the synonym “Kult” the story changes and
an increase instead of a decrease is displayed. Thus, by
including a predefined number of and a clear procedure
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for selecting synonyms, we hope to increase the robust-
ness of our findings.

Overall our study provides deeper insight into the cul-
tural development of German values over time and high-
lights similarities in cultural changes among different
countries. The impact of the World War II makes this
investigation especially valuable and offers a good start-
ing point for further research.
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Abstract

The Google Books Ngram Viewer (Google Ngram) is a search engine that charts word fre-
quencies from a large corpus of books and thereby allows for the examination of cultural
change as it is reflected in books. While the tool’'s massive corpus of data (about 8 million
books or 6% of all books ever published) has been used in various scientific studies, con-
cerns about the accuracy of results have simultaneously emerged. This paper reviews the
literature and serves as a guideline for improving Google Ngram studies by suggesting five
methodological procedures suited to increase the reliability of results. In particular, we rec-
ommend the use of (1) different language corpora, (Il) cross-checks on different corpora
from the same language, (lll) word inflections, (IV) synonyms, and (V) a standardization pro-
cedure that accounts for both the influx of data and unequal weights of word frequencies.
Further, we outline how to combine these procedures and address the risk of potential
biases arising from censorship and propaganda. As an example of the proposed proce-
dures, we examine the cross-cultural expression of religion via religious terms for the years
1900 to 2000. Special emphasis is placed on the situation during World War Il. In line with
the strand of literature that emphasizes the decline of collectivistic values, our results sug-
gest an overall decrease of religion’s importance. However, religion re-gains importance
during times of crisis such as World War Il. By comparing the results obtained through the
different methods, we illustrate that applying and particularly combining our suggested pro-
cedures increase the reliability of results and prevents authors from deriving wrong
assumptions.

Introduction

Since its launch in 2010, the possibilities and limitations of using the Google Books Ngram
Viewer (Google Ngram) for research purposes have been controversially discussed. Although
the large number of Google Ngram studies indicates scientific recognition, several papers
rightly address methodological issues (see, e.g., [1,2,3]). Yet, no set of applicable solutions is
given. Our present article aims at mitigating concerns about the trustworthiness of Google
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Ngram studies by presenting a guideline on different hands-on procedures that can increase
reliability.

Google Ngram is a search engine that charts word frequencies from a large corpus of books
that were printed between 1500 and 2008. The tool generates charts by dividing the number of
a word’s yearly appearances by the total number of words in the corpus in that year. Thereby a
book’s content is split into case-sensitive text blocks-so called n-grams. The word “book”, for
example, is a 1-gram, whereas “holy book” is a 2-gram and so on, up to a maximum of five
words. Because early decades contain significantly fewer books, the overall corpus of Google
Ngram becomes sufficiently large for scientific use by the year 1800 [4]. When the tool was
released in 2010, the total corpus consisted of more than 5 million books, covering the lan-
guages English, French, Spanish, German, Chinese, Russian, and Hebrew. These books were
drawn from over 40 different university libraries [4]. Since the corpus’ latest update in 2012,
users can access 22 different sub-corpora, encompassing 8 million books in total. The new ver-
sion is characterized by improved optical character recognition (OCR) as well as better under-
lying library and publisher metadata [5]. By now, two corpora for each of the above-
mentioned languages exist-an old version and an updated version. One additional corpus con-
tains Italian books. Four further corpora split English into British and American English.
Finally, there are two fiction corpora, which include predominately English fiction books and
one corpus, called “English one Million”, which includes a balanced text-collection of 6000
English language books, published between 1500 and 2008, and chosen from any one year.

When Google Ngram was released, Michel et al. [4] argued that one of the tool’s main
opportunities for scientific purposes is the hands-on quantification of cultural development
that can be measured through changes in word frequencies. Related to the tool’s free and easy
access, Google Ngram has further contributed to an ongoing debate-the ease of replicability.
By now, several dozen studies have embraced Google Ngram as an opportunity to gain insight
into the development of cultural changes (see Table A in S1 Appendix for an overview of psy-
chological Google Ngram research, published between 2010 and 2018). A vast strand of
research hereby empirically tests theoretical predictions on cultural changes with a particular
focus on individualism and collectivism. Twenge et al. [6,7], for example, report an increase in
the frequency of individualistic words and phrases in American books. Kesebir and Kesebir
[8] document a decline in the frequency of moral terms, while Twenge et al. [9] highlight an
increase in the frequency of swear words. In addition, Greenfield’s [10] findings suggest a rela-
tionship between increased individualism and ecological changes in the US and UK, as derived
from word frequency changes in the American and British English corpora. The usage of Goo-
gle Ngram has, however, not been limited to American and British English books. By tracing
concepts of folk believes or personal pronouns, several studies document rising individualism
also for rather collectivistic societies like China [11,12,13]. Further, such developments were
also examined for German-speaking countries [14] and (Soviet) Russia [15,16]. Besides these
types of studies, Google Ngram research shed light on topics such as gender differences
[17,18,19], the expression of emotions [20,21,22], personality [23,24], and cognition
[25,26,27].

In spite of Google Ngram’s rising acceptance among researchers, critics justifiably do not
grow tired in highlighting potential problems that may challenge the reliability of existing
results. Main points of criticism relate to insufficient OCR, particularly with respect to seman-
tic scanning errors (which can affect words such as fail and sail due to similarities in the letters
“f” and “s”), and messy metadata that may lead to the display of word frequencies in wrong or
unrelated time intervals. Another often heard critique refers to the overall corpora’s large pro-
portion of scientific literature and the possibility for single authors to heavily influence the
data set with specific words and phrases (see, e.g., [1,2,3]).
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In this guideline, we propose how to address these concerns by introducing several method-
ological procedures such as cross-validations via the examination of different language cor-
pora, the use of word inflections and synonyms, as well as the use of a newly-developed
standardization procedure that all aim at increasing the reliability of Google Ngram studies.
Further, in a step-by-step example we apply all of these procedures by investigating cross-cul-
tural religious trends over the last century (1900-2000) for cultures whose language is covered
by Google Ngram and based on a Latin alphabet. To be able to derive assumptions from lan-
guage- to country-level, we focus primarily on American and British English, German, and
Italian, but consider multinational languages like Spanish and French to verify the general
validity of our findings.

Assessing the development of religion via Google Ngram

While the world population almost quintupled from approximately 1.5 billion in 1900 to 6.9
billion in 2010, the number of people reporting to have no religion increased by more than 265
times (from 3 million in 1900 to 797 million in 2010) over the same period [28]. In other
words, nowadays, roughly one in every ten persons on the globe reports to have no religion
compared to one in every 500, a hundred years ago. This development stands in line with the
vast amount of literature that emphasizes the decline of collectivistic values such as religious
belonging, in the wake of an increasing industrialization (e.g., [10,29]; see also [30] for a review
on collectivism and individualism). Inglehart and Baker’s [31] profound study on cultural
change and the persistence of traditional values confirms these shifts, but also points out that
cultural changes can be bidirectional. Using Google Ngram, Younes and Reips [14] report on
such a bidirectional change by showing an overall decline for collectivistic German words but
areversal during the time of the Nazi Regime and World War II (WWII), indicating the Ger-
mans’ movement towards a more collectivistic society during that time. Accordingly, Parga-
ment et al. [32] suggest that especially in times of crises such as wars, people cling to religious
beliefs. Along these lines, several studies also mention the importance of religion as a coping
mechanism during traumatic and stressful life events (e.g., [33]; see also [34] for a review).

We believe that the cross-cultural development of religion constitutes a suitable research
topic to present how Google Ngram can be used for scientific purposes and what can be done
to improve the investigation method of previous Google Ngram studies. Because we expect a
theory-based cross-cultural decline in the importance of religion, we hypothesize that the rela-
tive frequency of religious terms in books covered by Google Ngram will decrease over time.
We further hypothesize that-despite an overall decrease in the frequency of religious terms-
there will be a reversal during crises that affect a large proportion of a country’s population. In
particular, based on the German population’s complete involvement in the severe and lengthy
crisis at the time of the Nazi Regime, i.e., in the years before and during WWII, we expect to
observe a positive trend for religious German terms during the years 1933 and 1945. Through-
out the study, we refer to this time span as WWIL.

Method and results

This section describes how to conduct a Google Ngram study. We discuss several methodolog-
ical improvements exemplarily in a cross-cultural setting by analyzing the development of fre-
quencies for 20 religious terms in the American and British English, German, and Italian
Google Ngram corpora. We use the latest version of each corpus and restrict our investigation
period to the last century because the number of books before 1900 is relatively small and
recently published books, i.e., those after the year 2000, may still need to be included in the
data set [20]. For reasons of comparability to previous studies, we focus on 1-grams.
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Collection of words and verification procedure

We obtain a set of 23 religious English terms from Ritter and Preston [35] who surveyed the
literature of words that were used to prime religious concepts. Their list contains common
nouns that represent general religious concepts. To facilitate the collection of religious German
and Italian words and to establish a word identification process that follows clear criteria, we
translated the religious English terms into German and Italian using PONS online dictionary
(https://en.pons.com/translate). We excluded the word “faith” because the concept is already

represented by the word “belief”. Further, we excluded the words “holy day” and “scripture”
because the first expression consists of two words and the translation of the latter leads to ter-
minologies consisting of two words (e.g., “Heilige Schrift” in German and “Sacre Scritture” in
Italian). As suggested by Zeng and Greenfield [13] and Younes and Reips [14], we recommend
asking several native speakers to check independently from each other whether the respective
translations are in line with the original terms. In our setting, we asked two native speakers per
language, who are also proficient in English. All agreed that the presented terms were trans-
lated in an adequate manner. Table 1 shows the final list of words and their corresponding
translations.

Baseline analysis

After extracting word frequencies from Google Ngram, prior studies have investigated cultural
changes by examining the correlation coefficients between word frequencies and years. Based
on the idea that the natural frequency of a word is relevant for assessing cultural change, it is
reasonable to sum up the frequencies of single words per year (and language), and to run an
aggregated correlational analysis (see, e.g., [6,7,9,18]). In this respect, the more frequent a
word, the larger its proportional influence. By analyzing the summed frequencies of our

Table 1. List of religious English terms with their German and Italian translations.

Original German Italian
altar Altar altare
angel Engel angelo
belief Glaube fede
clergy Geistlichkeit clero
creed Uberzeugung credo
doctrine Doktrin dottrina
God Gott Dio
heaven Himmel paradiso
miracle Wunder miracolo
pilgrimage Pilgerfahrt pellegrinaggio
prayer Gebet preghiera
prophet Prophet profeta
religion Religion religione
revelation Offenbarung rivelazione
ritual Ritual rituale
saint Heiliger santo
sermon Predigt predica
shrine Schrein santuario
soul Seele anima
spirit Geist spirito

https://doi.org/10.1371/journal.pone.0213554.t001
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religious words (by year and language), we observe a negative correlation between the years
and the religious terms’ frequencies for American English (r = -0.89, p<0.001), British English
(r=-0.96, p<0.001), German (r = -0.47, p<0.001), and Italian (r = -0.64, p<0.001). In con-
trast, investigating the development of religious terms in times of crisis such as WWIIL, German
terms show a significant positive trend (r = 0.79, p<0.01). The findings suggest that religion
became less important over time but showed more prevalence during a time of existential crisis
(see Figures A-H in S1 Appendix for visual inspection).

Procedure I: Multiple languages

As highlighted by our current analysis, one big advantage of Google Ngram is the possibility to
compare cultural changes in a cross-cultural setting. Although transferring assumptions from
language- to country-level, particularly for multinational languages, can be a difficult proce-
dure, several studies suggest comparing differences and similarities of several languages to
derive assumptions on the general validity of a certain theory or concept [36,37,38]. Following
this reasoning, we further examined religious words’ frequencies during the years 1900 to 2000
using the Spanish and French corpora. Hence, we first translated the original religious English
terms into Spanish and French using PONS. Again, two French- and two Spanish-speaking
natives confirmed our translations. Table B in S1 Appendix displays the original English terms
with their respective translations to Spanish and French. In line with our initial findings, reli-
gious words in Spanish (r = -0.47, p<0.001) and French (r = -0.83, p<0.001) show a significant
negative trend over time (see Figures I-L in S1 Appendix for visual inspection).

Procedure II: English fiction corpus

So far, the majority of Google Ngram studies focuses on the English language, i.e., by investi-
gating the American and British English corpora. Besides the traditional English corpora,
Google Ngram also offers access to an English fiction corpus. The corpus is limited to fiction
books in the Google database and does not distinguish between American and British English.
Although it might seem counterintuitive, the fiction corpus may provide an additional oppor-
tunity to test the reliability of derived assumptions on cultural changes from the American
and British English corpora. Following the argument that “a fiction writer may aim to capture
realistic modern dialogue” ([7], p. 407), cultural changes should be also reflected in the fiction
corpus—at least to some extent. Because the traditional corpora contain a large amount of sci-
entific text, particularly throughout the 1900s [2], Virues-Ortega and Pear [27] argue that fic-
tion books are less influenced by scientific trends and may therefore provide more general
results. Accordingly, several studies used the fiction corpus to test the robustness of their find-
ings. For instance, Twenge et al. [7] confirm their findings for a decrease in first person plural
pronouns and an increase in first person singular pronouns by using the fiction corpus. Acerbi
et al. [20] document an overall decrease in the use of mood words, which is also reflected in
the fiction corpus. By analyzing manifestations of individualism, Twenge et al. [9] confirm the
significant increase in the use of swear words also for the fiction corpus. Dependent on the
particular analysis, contemplating fictional literature may provide additional insights. Brys-
baert et al. [39], for example, report that word frequencies extracted from the fiction corpus
predict word processing better than word frequencies obtained from the regular corpora.
Because the fiction corpus is only available in English, we investigated the trend pattern for the
original religious English terms. By using the fiction corpus, the significant negative overall
trend (r = -0.96, p<0.001) can be confirmed (see Figures M and N in S1 Appendix for visual
inspection).
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Fig 1. Higher frequency inflections for the German word “eigen”.

https://doi.org/10.1371/journal.pone.0213554.9001

Procedure III: Word inflections

Using Google Ngram to analyze long-term relationships between ecological and cultural
changes in German-speaking countries, Younes and Reips [14] report that in spite of the the-
ory-based prediction of an increase, the relative frequency of the individualistic word “eigen”
(personal/individual) dropped over time. As highlighted by Fig 1, all of the word’s higher fre-
quency inflections (i.e., “eigenen”, “eigene”, “eigener”, or “eigenes”) display, however, the
expected rise over the course of time.

Because “the most robust historical trends are associated with frequent n-grams” ([4], Sup-
plementary Online Material, p.12), one potential reason for the counter-predictive trend dis-
played for the word “eigen” may be the word’s comparatively low overall frequency.
Considering the use of the tag “_INF” may help to address that issue in a systematic way.
Applying the tag, Google Ngram provides graphs for yet available inflections of a certain word.
To obtain inflections, Google Ngram uses Wiktionary entries (www.wiktionary.org) and sup-

plement them with automatically generated inflection tables. “Because Wiktionary is an evolv-
ing resource, results for a particular [Google Ngram] query may change over time” ([40], p. 4).
In this respect, the tool allows for a direct comparison of inflection frequencies. Thus, the fea-
ture is not only helpful for identifying words of highest frequency within a similar group, but
also highlights inconsistencies of lower frequency words such as in the case of “eigen”.

In this analysis, we checked the consistency between and the frequencies of the original and
translated terms and their respective inflections. We exemplify the procedure on the word
“saint”. Searching for the word’s inflections (by using “saint_INF”) in the American and British

English corpora yields three modifications (“saints”, “sainted”, and “sainting”). As indicated by
Fig 2(A), for the American English corpus, the term “saints” shows a similar development as

0.0015% 0.0050%

B 0.0000%
$ 0D DD DD DS DS
S f ) o :
S90S AT A

Year Year

— s it — sabited Heiliges

A B

Fig 2. Frequencies of inflections for the word “saint”. Frequencies of given inflections for the word “saint” using the
American English corpus (A) and the three most frequent inflections for the German translation “Heiliger” (B).

https://doi.org/10.1371/journal.pone.0213554.9002

salnting = Heéiligen ——Heilige —— Heiliger
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Table 2. Overview of original words and their higher frequency inflections.

American English British English
Original High Ratio Original High Ratio
angel angels 1.08 angel angels 1.12
saint saints 1.18

German Italian
Original High Ratio Original High Ratio
Engel Engels 2.28 angelo angeli 1.52
Glaube Glauben 1.91
Prophet Propheten 2.54
Heiliger Heiligen 13.10

The columns “Original” present original words, whereas the columns “High” present the original words’ higher frequency inflections. The columns “Ratio” display the

average yearly ratios between the frequencies of higher frequency inflections and the frequencies of their original counterparts.

https://doi.org/10.1371/journal.pone.0213554.t002

“saint” but exhibits a higher relative frequency. The picture for British English is similar. How-
ever, the terms “saint” and “saints” have an almost identical frequency. In contrast, searching
for inflections of the respective German translation “Heiliger” yields 13 inflections. Fig 2(B) dis-
plays the three most frequent inflections (“Heiligen”, “Heilige”, and “Heiliges”) and thereby
illustrates that the term “Heiliger” shows a similar pattern but an approximately three times
lower relative frequency than “Heilige” and a 13 times lower relative frequency compared to the
most frequent word “Heiligen”.

Finally, no higher frequency inflections are given for the Italian word “santo”. While all of
our originally selected terms display similar patterns as their semantically similar inflections,
the original English terms as well as our translations were not always those with the highest fre-
quency compared to their inflections. Table 2 provides an overview of those terms for which
we found higher frequency inflections as well as the ratios between the frequencies of higher
frequency inflections and the frequencies of their original counterparts.

Re-conducting our initial analysis by using inflections that display a higher frequency than
the originally selected religious terms confirms previous findings. In particular, we find a sig-
nificant negative correlation between years and frequencies of religious terms for American
English (r = -0.89, p<0.001), British English (r = -0.96, p<0.001), German (r = -0.49,
p<0.001), and Italian (r = -0.65, p<0.001). German terms continue to exhibit a positive trend
during WWII (r = 0.79, p<0.01).

Despite the benefits of choosing words with more robust historical trends, one disadvantage
of the tag “_INF” is the mechanical adjustment of the words’ endings. The inflected terms’
original meanings can sometimes be significantly distorted. One example relates to the Italian
word “predica” (sermon), which is far from being represented by the higher frequency modifi-
cations “predetto” (aforementioned) and “predicato” (predicate). Thus, a manual reconsidera-
tion of the words’ meanings, particularly for non-native speakers, is inevitable.

Procedure IV: Synonyms

To verify that investigated words reflect true underlying concepts rather than idiosyncrasies,
re-checking initial findings with several synonyms is a strong robustness check. Pettit [3], for
example, argues that especially 1-grams may be risky to analyze due to potential changes in the
words’ meanings over time. One example that illustrates Pettit’s [3] concerns is the word
“nice”. Nowadays, the word is used to express that something is pleasant. However, in the four-
teenth century the term was primarily related to negative quality such as “foolish” or “silly”
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(see, e.g., https://blog.oxforddictionaries.com/2012/10/01/change-in-word-meanings/). Using
synonyms reduces the impact of a particular word and therefore decreases the probability of

incorrect assumptions due to, e.g., varying meanings, idiosyncrasies, messy metadata, and
OCR errors. Younes and Reips [14] introduced the use of synonyms for the German corpus by
recommending the collection of the first three one-word synonyms out of the semantically
most adequate grouping (i.e., only synonyms of “date” as a type of fruit, not as “going out”),
listed in the Duden Synonymworterbuch, the standard reference for the German language. In
the current study, we followed this procedure for selecting German synonyms. In addition, we
collected the first three one-word English synonyms for the most adequate grouping using the
standard reference for English that is Roget’s Thesaurus. For selecting Italian synonyms, we
used and recommend Zanichelli’s Sinonimi e Contrari.

Table C in S1 Appendix presents an overview of collected synonyms. We obtained at least
one synonym in 95% of all cases. A dictionary-based approach may however not always be the
optimal choice to obtain synonyms. Although it avoids an arbitrary selection of words, not for
every word there are synonyms and some of the obtained synonyms are often used in a non-
related context. Hence, dependent on the investigated language and particularly the topic, it
might be helpful to consult several native speakers to suggest (additional) synonyms or rate the
obtained synonyms according to their suitability. In accordance with this notion, we let our
synonyms rate by two native speakers per language on a scale of 0 (no synonym) to 10 (perfect
synonym). The average rating for all synonyms over all languages was relatively high, m = 7.5
(6.8 for English, 7.1 for German, and 8.5 for Italian).

Google Ngram provides frequencies for all synonyms except for the German word “Bran-
dopferstitte” (altar). Analyzing correlations for our set of synonyms, we can confirm the
results obtained for the sample of original words. In particular, we find significant negative
correlations between years and American English (r = -0.96, p<0.001), British English (r =
-0.93, p<0.001), German (r = -0.92, p<0.001), and Italian (r = -0.81, p<0.001) word frequen-
cies. With respect to WWII, German terms continue to exhibit a positive trend, which is how-
ever not significant (r = 0.12, p>0.1).

Procedure V: Standardization of word frequencies

In spite of Michel et al.’s [4] argument that “the most robust historical trends are associated
with frequent n-grams” ([4], Supplementary Online Material, p.12), high frequency words sig-
nificantly drive average results if their frequency is relatively larger than the frequencies of
other words that are summed up. In order to account for the influence of individual words,
several studies transform word frequencies into z-scores prior to summing them (see, e.g.,
[6,9,15]). Although this procedure mitigates the disproportionately large influence of single
words by giving each word an equal weight, it does not account for the varying size of the cor-
pora, i.e., the influx of data over time. To address this concern, Acerbi et al. [20] and Bentley
et al. [41] suggest normalizing word frequencies by expressing a word’s frequency relative to
the frequency of a very common word.

In this section, we demonstrate that the combination of z-scoring and normalizing raw
word frequencies by common words is a beneficial procedure that can mitigate biased estima-
tions. By themselves, z-scoring and normalizing by a common word either account for
unequal weights or data-related trends, respectively. To address both concerns simultaneously,
we propose a new procedure that accounts for data-related trends and gives each word an
equal weight. In particular, we recommend subtracting the summed z-scored frequencies of
various very common words obtained from Lin et al. [5], from the summed z-scored frequen-
cies of the original terms. This procedure is beneficial for several reasons. First, we can mitigate
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any disproportionately large influence of single words by giving each of the original terms an
equal weight. Second, we do not only focus on one common word, whose pattern might devi-
ate from the pattern of other very common words, but on various common words. Third, by
also z-scoring the set of common words, we further ensure to treat all common words equally.

In the following, we highlight the differences in results between several standardization pro-
cedures. In particular, we compare correlation coefficients between time and religious word
frequencies considering (I) summed raw frequencies, (II) summed z-scores of raw frequencies,
(IIT) summed raw frequencies that were previously normalized by the raw frequency of a very
common word, and (IV) summed raw frequencies that were previously normalized by the
summed raw frequencies of various very common words. In a further step, we present the
results for (V) summed z-scores of raw frequencies that were previously normalized by the
raw frequency of a very common word and (VI) summed z-scores of raw frequencies which
were previously normalized by the summed raw frequencies of various very common words.
Finally, we present the correlation coefficients for summed z-scores of raw frequencies that
were normalized by subtracting the summed z-scores of raw frequencies of various very com-
mon words (VII).

We calculate z-scores as

i (1)

w; represents the frequency of a religious word w in year t, y the mean of w;, and o the standard
deviation of w,.

To account for the influx of data, we first identified the most common word in each corpus
by manually comparing the frequencies for each of the most common words as indicated by
Lin et al. [5]. Lin et al.’s [5] list contains the 16 most common words in each language, equally
split into the word classes adjectives, prepositions, adverbs, conjunctions, articles, nouns, pro-
nouns, and verbs. The most common word in the American and British English corpora is
“the”, in the German corpus it is “der”, and in the Italian corpus it is “di”.

Fig 3 shows the extent of variation across time for the most frequent word in each corpus.
Theoretically, the relative frequency of these neutral words should remain rather constant over
time. However, even these words are subject to a trend. For example, the word “the” decreased
by approximately 1% (which is ca. 20% of the overall frequency) over the last century, whereas
the word “di” exhibited a 0.3% increase (which is ca. 10% of the overall frequency) over the
same time. Hence, Fig 3 reinforces the concern that the influx of data should be taken into
account by applying an appropriate standardization procedure to avoid biased estimations.

To obtain a reference set of various common words, we consider Lin et al.’s [5] total list of
common words and compare it to Hughes et al.’s [42] list of neutral words, i.e., words with lit-
tle or no specific meaning. This procedure ensures that results are not driven by any specific
underlying context of the common words. In particular, we select all words that appear on
both lists but refrain from including pronouns, based on their categorization as content-full
prises only English terms, we translated Lin et al.’s [5] most common German and Italian
words to English using PONS. We then searched for the translated words on Hughes et al.’s

s«

[42] word list. Applying this procedure, we obtain the words “other”, “such”, “of”, “in”, “not”,

» « » o« » o« » M o »

“when”, “and”, “or”, “the”, “a”, “is”, and “was” for American and British English. For German,

» o« » e » » «

we identified “anderen”, “ersten”, “in”, “von”, “auch”, “so”, “und”, “dafy”, “der”, “die”, “ist”,
bl

and “werden”. Finally, our list of common Italian words comprises “stesso”, “di”, “in”, “non
“pit”, “che”, “ed”, “la”, “il”, and “€” (see Figures O-R in S1 Appendix for visual inspection).
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Fig 3. Frequencies for most frequent words. Frequencies for the most frequent words in the American English, British English, German, and Italian Google
Ngram corpora.

https://doi.org/10.1371/journal.pone.0213554.9003

Table 3 presents the correlation coefficients for the different standardization procedures and
highlights how sensitive results can be, depending on an author’s choice of methodology.
Whereas results for the American and British English corpora remain relatively stable,
Model VII shows that the significance for the German corpus vanishes by accounting simulta-
neously for unequal weights and data-related time trends. For the Italian corpus results are
very inconsistent. As indicated by Model I, considering raw frequencies, we find a significant
negative trend over time. If we z-score raw frequencies (Model IT), we obtain a positive trend
that, however, turns negative if we normalize frequencies beforehand by a very common word
(Model III). Finally, by addressing both, unequal weights and the influx of data (Model VII)

Table 3. Correlation coefficients for different standardization procedures.

@ an (ITI) av) V) (V1) (VII)
Original X Raw Y z-scores Rty A X z—scores of X z—-scores of X z—scores
Words ) P -
X z—scores of most
common
American r=-0.89, r=-0.88, r=-0.71, r=-0.77, r=-0.70, r=-0.76, r=-0.49, p<0.001
English p<0.001 p<0.001 p<0.001 p<0.001 p<0.001 p<0.001
British English r=-0.96, r=-0.94, r=-0.95, r=-0.96, r=-091, r=-0.92, r=-0.81, p<0.001
p<0.001 p<0.001 p<0.001 p<0.001 p<0.001 p<0.001
German r=-0.47, r=-0.29, p<0.01 | r=-0.51, r = -0.46, r=-0.32, r=-0.26, p<0.01 |r=-0.13,p>0.1
WWII p<0.001 r=0.87, p<0.001 | p<0.001 p<0.001 p<0.001 r=0.87,p<0.001 | r = 0.85, p<0.001
r=0.79, p<0.01 r=0.81,p<0.001 | r=0.79, p<0.01 |r=0.89, p<0.001
Ttalian r=-0.64, r=0.24,p<0.05 |r=-0.76,p<0.05 | r=-0.58, r=-0.01, p>0.1 r=0.35,p<0.001 | r=0.51, p<0.001
p<0.001 p<0.001

https://doi.org/10.1371/journal.pone.0213554.t003
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Italian terms exhibit a positive trend over time. As the main religion in the US, UK, Germany,
and Italy has been Christianity, we added a further set of 14 Christian-specific nouns from Rit-
ter and Preston [35] in an additional robustness check (i.e., the words baptism, Bible, Christ-
mas, church, commandments, communion, cross, gospel, Jesus, messiah, preacher, Sabbath,
salvation, and worship). Replicating the results in Table 3, Model VII, for a total set of 34 reli-

gious terms per language, we obtain similar results as for the original set of religious words for
American English (r = -0.51, p<0.001), British English (r = -0.84, p<0.001), German (r =
-0.20, p<0.05), WWII (r = 0.80, p<0.01), and Italian (r = 0.56, p<0.001).

Composite analysis

In this section, we combine our suggested procedures by using higher frequency words, syno-
nyms, and the standardization procedure that accounts for unequal weights and the influx of
data. In particular, we re-calculated previous analyses including the sets of additional syno-
nyms and using the tag _INF to identify the most frequent words for our sets of original terms
and synonyms (see Table D in S1 Appendix for an overview of corresponding higher fre-
quency synonyms). Table 4 presents correlation coefficients for different standardization pro-
cedures using higher frequency words for original terms and additional synonyms.

The results reinforce the significant negative trend for German terms over time suggesting
that prior results were affected by the set of original words. Indeed, re-running Model VII by
only considering synonyms also displays a significant negative trend (r = -0.20, p<0.05). Thus,
particularly the consideration of additional synonyms provides a more robust picture. Further,
for Italian terms, a positive trend (as suggested by using the standardization procedure that
accounts for an influx of data and unequal weights) cannot be confirmed. Instead, conducting
the composite analysis, we do not find any significant trend (Model VII). In fact, we even
obtain a significant negative trend over time by re-running Model VII but only considering
synonyms (r = -0.36, p<0.001). As a final robustness check, we re-run Model VII, by dropping
synonyms that received an average rating of less than the mean rating of 7.5. Results do not
change for American English (r = -0.64, p<0.001), British English (r = -0.89, p<0.001), Ger-
man (r = -0.23, p<0.05), WWII (r = 0.89, p<0.001), and Italian (r = -0.09, p>0.1).

Overall, this analysis strongly emphasizes that only the combination of different methodo-
logical procedures mitigates biased estimations and therefore prevents researchers from deriv-
ing wrong and undifferentiated assumptions.

Table 4. Correlation coefficients for different standardization procedures using higher frequency words and synonyms.

@ (n (ITT) av) ) (V1) (VII)
Original 2~ Raw X z-scores Ty T X z—scores of X z-scores of X z-scores
Terms [Frreyesrerd e B
+ Synonyms X z—scores of most
common
American English | r=-0.92, r=-0.83, r=-0.77, r=-0.83, r =-0.60, r=-0.68, r=-0.72, p<0.001
p<0.001 p<0.001 p<0.001 p<0.001 p<0.001 p<0.001
British English r=-095, r=-091, r=-0.94, r=-0.95, r=-0.87, r=-0.89, r=-0.89, p<0.001
p<0.001 p<0.001 p<0.001 p<0.001 p<0.001 p<0.001
German r=-0.73, r=-0.33, r=-0.76, r=-0.74, r=-0.36, r=-0.29,p<0.01 |r=-0.26, p<0.01
WWIIL p<0.001 p<0.001 p<0.001 p<0.001 p<0.001 r=0.86, p<0.001 | r = 0.85, p<0.001
r=0.66,p<0.05 | r=0.86,p<0.001 | r=072,p<0.01 |r=0.65p<0.05 |r=0.88,p<0.001
Ttalian r=-0.76, r=-0.28,p<0.01 | r=-0.84, r=-0.72, r=-0.49, r=-0.19 p<0.1 r=-0.14,p>0.1
p<0.001 p<0.001 p<0.001 p<0.001

https://doi.org/10.1371/journal.pone.0213554.t004
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Censorship and propaganda

Finally, we discuss the importance of taking any potential censorship and propaganda into
account. Michel et al. [4] address these issues by stressing, for example, the decreasing popular-
ity of the Jewish artist Marc Chagall in the German corpus during the Nazi regime, the absence
of the 1976 and 1989 Tiananmen Square incidents in the Chinese corpus, and the reflection of
the Hollywood Ten’s blacklisting in the American corpus. In this section, we aim to increase
awareness that censorship and propaganda may not only affect certain people or historical
events but whole subject-areas. In particular, we graphically illustrate the impact of the Soviet
regime’s (1922-1991) enforcement of secularization and religious persecution on the Russian
corpus by plotting the overall frequencies for the original religious terms translated to Russian.
For this reason, we translated our original English terms to Russian using PONS. Two native
speakers re-checked and then confirmed the translations.

Fig 4 shows the results. The graphs include all of the original translated terms except for
“Bor” (God), “paywa” (soul), and “Ayx” (spirit). We did not include these words due to scaling
differences. However, they display a similar curvature.

The graphs highlight a drop around the 1920s, followed by rather flat movement until the
1990s, where the frequencies start to rise again. In this respect, they likely mirror the Soviet
regime’s objective to eliminate religion. Because there is evidence that Russians acted out reli-
gion secretly rather than becoming atheists (see, e.g., [31,43]), there is a gap between what was
prevalent in people’s minds and what was artificially created. Therefore, the assumptions
which we would derive from visual inspection and also by calculating a correlation coefficient,
would mirror the development of the importance of religion for the Soviet Union’s population
only undifferentiated and incomplete. Hence, a country’s historical context must always be
taken into account. In case of any potential concerns about distorted time periods, we recom-
mend following Hamamura and Xu [11] and investigate sub-periods (e.g., decades) to itera-
tively discover cultural trends.

Discussion

Google Ngram allows for hands-on quantification of cultural change using millions of books.
In spite of the tool’s unique opportunities for research purposes, several studies justifiably

emphasize the existence of potential problems. With this paper, we contribute to the ongoing
debate of weighting the tool’s advantages and disadvantages against each other. To the best of
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Fig 4. Frequencies of religious terms translated to Russian.

https://doi.org/10.1371/journal.pone.0213554.9004
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our knowledge, this is the first summary of the tool’s limitations that comes with a set of meth-
odological procedures that are suited to improve the reliability of results. In this guideline we
present five methodological procedures, a roadmap on how to use them in combination, and a
way to check for influences of censorship and propaganda. In particular, to test the universality
of a certain theory or hypothesis and to examine derived results cross-culturally, we propose
(I) the use of different language corpora. Further, (II) using the fiction corpus, which is not
heavily impacted by scientific literature, allows researchers to reinforce results obtained for the
American and British English corpora. We additionally recommend to (IIT) compare frequen-
cies of words and their inflections using the feature “_INF”. We further advise researchers to
(IV) make use of synonyms to diminish the probability of wrong assumptions caused by the
prevalence of, e.g., OCR errors, flaws related to messy metadata, idiosyncrasies, or the dispro-
portionately large influence of single authors’ contributions. Finally, we also strongly recom-
mend to (V) apply a standardization procedure that accounts for both, the influx of data and
unequal weights.

In addition to the individual benefits of each procedure, we strongly advise researchers to
use them in combination. As shown by a composite analysis, the most robust results are
obtained by combining several procedures. So far, most prior studies did not challenge their
results by taking different procedures into account. Based on the literature review displayed in
Table A in S1 Appendix, only approximately 3% of previous studies considered both, the use
of synonyms and any form of standardization procedure. None of the studies took the particu-
lar use of higher frequency inflections into account. As with any new and evolving methodol-
ogy, many such procedures are only discovered as beneficial over time. Our guideline
demonstrates how sensitive results can be to specific choices an author makes and how to
resolve such dependencies. For example, by focusing on raw frequencies or by applying a stan-
dardization procedure that only accounts for the influx of data over time, we obtain a signifi-
cant negative trend for Italian religious terms (see Table 3, Model I and III). However,
accounting for unequal weights (see Table 3, Model II) leads to the impression that in Italy,
religion became more important over time. Furthermore, taking unequal weights and time

trends simultaneously into account, the significant positive trend remains only for our set of
original terms (see Table 3, Model VII) but turns negative for our set of synonyms. Finally,
combining words of comparatively high frequency and the most advanced standardization
procedure with an additional set of synonyms, no significant trend is observable any longer
(see Table 4, Model VII). Consequently, this example illustrates that only analyzing Google
Ngram data in pre-determined appropriate ways can prevent authors from deriving “first-
glance” assumptions that may turn out as not valid when a more robust analysis procedure is
applied.

Finally, by the example of forced secularization during the Soviet regime, we draw attention
to the danger of biased estimations that can arise from censorship and propaganda. However,
we would like to point out that what we believe is censorship might be also attributable to the
lack of metadata. In particular, Koplenig [44] shows that with the lack of proper metadata, it
cannot be ruled out that trends arise due to changes in the composition of the underlying data.
Thus, some of the trends we observe for the Russian corpus may not necessarily result from
censorship as part of forced secularization, but some change in the data.

By applying all of the above-mentioned procedures to religious 1-grams, this study further
contributes to the body of research that investigates the development of collectivism and indi-
vidualism (see, e.g., [30] for a review) as well as to the literature that discusses religion as a cop-
ing strategy during crises (see, e.g., [34] for a review). In particular, we study the cross-cultural
development of religious trends for the years 1900 to 2000, with a particular focus on the devel-
opment in times of crisis such as WWIL. Except for the Italian corpus, our analyses reveal a
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relative overall decrease for religious terms. With respect to WWII, German terms display an
upward trend, indicating the importance of religion during a severe crisis along with the Ger-
mans’ movement towards a more collectivistic society during the war [14]. The trend towards
an increased expression of religion during a severe time of crisis is, however, not only observ-
able in the German corpus. Additional analyses further reveal a significant positive and robust
trend for Italian religious terms. The positive trend for Italian terms likely relates to the alliance
between Nazi-Germany and Italy during WWIL. In contrast, for the American and British
English corpora we do not find such a reversal but a constant and significant negative time
trend over the whole observation period. Although both countries also participated in the war,
we believe that in contrast to Italy, results strongly relate to the larger distance of the respective
countries’ population to the main war zone (see Table E in S1 Appendix for an overview of
detailed results).

Our study is not without limitations. First, in spite of our suggestions on how to mitigate
the influence of the potentially large number of scientific texts in the Google Ngram’s corpora,
we did not discuss concerns related to the corpora’s general level of diversity. Although the
developers have addressed this issue by providing a corpus with a better-balanced text collec-
tion, i.e., “English One Million”, we do not recommend the use of this corpus because it has
never been updated and is therefore considered to be per se more error prone. Nevertheless,
re-calculating previous analyses by using the corpus “English One Million”, we obtain similar
results. Second, we used the new updated corpora to exploit the advantages of improved OCR
and better underlying library and publisher metadata. However, as suggested by Twenge et al.
[9], the new corpora might entail errors that the old corpora did not capture. We therefore re-
examined all analyses using the old corpora. Overall, previous findings are confirmed. How-
ever, there was no Italian corpus before the update. Finally, we agree that the key assumption
of Google Ngram studies, i.e., that print culture represents culture as a whole, is certainly an
undifferentiated view that may not always hold.

Overall, Google Ngram has allowed scholars to shed further light on various topics such
as gender differences [17,18,19], emotions [20,21,22,45], personality [23,24], cognition
[25,26,27], hypnosis and psychotherapy [46], moral values [47], education [48], nature [49],
astrology and phrenology [50], and the development of individualism and collectivism (e.g.,
tool for research purposes and that the procedures presented in this guideline can reinforce
the reliability of derived results.

Supporting information

S1 Appendix.
(PDF)
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Abstract

This article examines the prevalence of positive and negative emotions in China based
on the country’s recent transformative changes in its social ecology. Conceptual
framework of this study is the social change and human development theory that
argues that changes in sociodemographic factors such as rapid economic growth or
urbanization contribute to the development towards a more individualistic culture.
There are fundamental differences in the perception and expression of emotions
between individualistic and collectivistic cultures. In particular, avoiding negative and
promoting positive emotions is expected to resonate with the cultural ideal of
individualistic societies, whereas the avoidance of negative and promotion of positive
emotions is not prioritized in collectivistic cultures. Based on China’s recent
development towards a more individualistic society the current study investigates
whether there is a related shift in the prevalence of positive and negative emotions. By
using the Google Books Ngram Viewer, we show that frequencies of positive
(negative) emotion words exhibit an upward (a downward) trend between the years
1970 and 2008. Furthermore, a positive (negative) correlation between frequencies of
positive (negative) emotion words and China’s rising level of wealth, urbanization,
and formal education suggests that values and behavior shift along with changes in

ecology.
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Introduction

During the last decades, collectivistic China has undergone massive transformations,
driven by numerous socio-political changes such as the Cultural Revolution from 1966
to 1976 and the economic reforms in 1978. Particularly since the latter, China’s
economy has been substantially growing, leading to rising levels of wealth, formal
education, and a continuous movement from rural towards urban environments (Zeng
& Greenfield, 2015). As part of her theory on social change and human development,
Greenfield (2009) suggests that such ecological shifts encourage cultural
development, particularly, the development from collectivism towards individualism.
The theory relies on Tonnies (1887/1957) conceptualization of a Gemeinschaft
(community) and a Gesellschaft (society). A Gemeinschaft describes relatively
impoverished, rural, and low-tech environments with rather low levels of formal
education, whereas a Gesellschaft relates to relatively wealthy, urbanized, and high-
tech environments with well-developed educational systems. Greenfield (2009) links
individualistic values, behavior, and psychology to a Gesellschaft and collectivistic
values, behavior, and psychology to the features of a Gemeinschaft. In line with
China’s recent development towards a Gesellschaft’s direction, several studies provide
evidence for the culture’s development towards a more individualistic society (see,
e.g., Moore, 2005; Yan, 2009; Sun & Wang, 2010; Cai et al., 2012; Xu & Hamamura,
2014; Hamamura & Xu 2015; Zeng & Greenfield, 2015; Yu et al.; 2016), particularly,
by pointing out that “the Chinese are increasingly prioritizing individualist factors in
assessments of their own happiness and life satisfaction” (Steele & Lynch, 2013, p.

450).

In this paper, we took advantage of China’s unique cultural context and
massive transformative changes during the last decades. In particular, we investigated
whether there is a related shift in the prevalence of positive and negative emotions

based on fundamental differences in the perception and expression of emotions
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between individualistic and collectivistic cultures. Oishi and colleagues (2013), for
example, provide an overview of variations in the concept of happiness across cultures,
with collectivistic cultures being more likely to have luck-based concepts, whereas
individualistic societies consider happiness as actively pursuable. Happiness, life-
satisfaction, and individual well-being are conscious goals for individualists. In
particular, individualistic cultures pursue the maximization of pleasure and strive for
a minimization of displeasure because both aspects significantly contribute to the
individual’s well-being (Schimmack et al., 2002). In accordance with this notion,
Kuppens et al. (2008) report that life satisfaction relates more closely to the experience
of positive emotions than to the absence of negative emotions, with negative emotions
being more negatively associated with life satisfaction in individualistic than in
collectivistic countries. In fact, negative emotions like sorrow, hostility, and anger are
even perceived as dangerous or noxious (Potter, 1988). Accordingly, the desire to
avoid negative emotions and promote positive emotions, one’s autonomy, as well as a
positive view of the self, relates to the cultural ideal of individualistic societies, which

emphasizes the pursuit of standing out and feeling good.

In contrast, in rather collectivistic cultures, paying attention to cultural norms
is of greater importance than maximizing pleasure. The achievement of group
harmony, e.g., by avoiding interpersonal disharmony, is considered one of the most
important goals (Ho, 1979; Kuppens et al., 2008). In this respect, “the individual’s
actual position on an issue is subordinated to his or her desire to protect the group’s
integrity by side stepping open disagreement” (Wilson 1974, p.196). The pursuit of
group harmony thus often causes the bearing of negative emotions. Therefore, the
avoidance of negative emotions is infrequent and not prioritized because its impact on
life satisfaction is considered to be of minor importance (Kuppens et al., 2008). Indeed,
Potter (1988) points out that in collectivistic cultures, negative emotions are openly

expressed because they are not considered to be intrinsically dangerous. The capacity
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to work and suffer for others thereby reflects the foundation for social as well as
intimate relationships, whereas in individualistic cultures positive emotions such as,

e.g., love serve as the symbolic basis for social relationships.

By linking China’s development towards a more individualistic society to the
differences in the prevalence of positive and negative emotions in collectivistic and
individualistic cultures, we hypothesize that the prevalence of positive emotions
increased while the prevalence of negative emotions decreased over time. In addition,
to study the relationship between changes in ecological factors and emotions, we
examine to what extent shifts in the prevalence of negative and positive emotions are

directly related to China’s rising level of wealth, formal education, and urbanization.

Method and Procedure

Language as an Assessment of Culture

In this paper, we investigate changes in the prevalence of positive and negative
emotional expressions in the Chinese society by examining frequencies of positive and
negative emotion words in Chinese books. The rationale behind this analysis is the
assumption that cultural patterns can be inferred from cultural products such as
writings (Hamamura & Xu, 2015). We conducted this analysis by using the Google
Books Ngram Viewer — a publicly and freely accessibly search engine that charts word
frequencies by dividing the total number of a word’s yearly appearances by the total
number of words in the Google Books Ngram Viewer’s corpus in that year. The latest
version of the overall corpus consists of about 8 million digitized books, published
between 1500 and 2008. The books were provided by more than 40 libraries and split
into 8 languages (English, German, Russian, French, Italian, Hebrew, Spanish and
Chinese), which are stored in individual corpora. Accessing the latest version of the
Google Books Ngram Viewer, the current study is based on a corpus of 302,652
Chinese books (Michel et al., 2011; Lin et al., 2012).
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To conduct our analysis, we followed Zeng and Greenfield (2015) and focused on the
period between 1970, the midst of the Chinese Cultural Revolution, and 2008. We
tested for quantitative changes in emotion words by examining Pearson correlation
coefficients between the emotion words’ frequencies and years or sociodemographic
factors, respectively.! Based on the idea that the natural frequency of a word is relevant
for assessing its cultural change, we first focused on each word’s raw frequency,
independently. In a second step, we summed up the frequencies of single words per
year (and emotion type, i.e., positive or negative), and ran an aggregated correlational
analysis (see, e.g., Twenge et al., 2012 a,b, 2013). Accordingly, the more frequent an
emotion word, the larger its proportional influence. Finally, we followed Younes and
Reips (2019) by applying a standardization procedure that accounts for the
proportional influence of single words as well as data-related trends.? In particular, we
subtracted the summed z-scored frequencies of several common words, obtained from
Lin et al. (2012), from the summed z-scored frequencies of our original emotion
words.

To obtain a reference set of suitable common words, we considered Lin et al.’s
(2012) list of very common Chinese words and compared them to Hughes et al.’s
(2012) list of neutral words. We chose all words that appear on both lists. This
procedure verifies that common words are free of any underlying meaning that might
potentially bias the results. In accordance, we did not include pronouns based on their
categorization as content-full words by previous literature (see, e.g., Twenge et al.,
2012b, 2013; Uz, 2014; Hamamura & Xu, 2015; Yu et al., 2016). Because Hughes et
al.’s (2012) list comprises only English terms, we asked two Chinese native speakers,
who are also fluent in English, to translate Lin et al.’s (2012) list of Chinese common
words to English. We then searched for all of the suggested translations on Hughes et

al.’s (2012) word list. Applying this procedure, the final sample of suitable Chinese

! For all analyses we followed Hamamura and Xu (2015) and used a smoothing of 1.
2 See Younes and Reips (2019) for a detailed explanation of the procedure.
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common words consists of “#” (at, in), “&” (not, no), “t” (also, too, as well), “#”
(and, together with), “5” (and, together with, against) “ix” (this, these), “&” (all, each,
every) “2” (is, are, am) “%” (there is, there are). Figure 1 visualizes the development
of the common words’ frequencies over time and reinforces the concern that data

influx may potentially bias the results and should be taken into account.
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Figure 1. Pattern of Chinese common words from 1970 to 2008.

Emotion Words

We started with a set of 24 English emotion words, obtained from Fontaine et al.
(2007). Because we only focus on positive and negative emotion words, we excluded
the neutral emotions “interest” and “surprise” as well as one expression that consists
of two words (“being hurt”). Hence, our final sample comprises 21 emotion words,
with seven words describing positive and 14 words describing negative emotions.
Again, two native speakers translated the list of English emotion words to Chinese.
Independently from each other, both agreed on the same Chinese expressions. Table 1

provides an overview of the Chinese emotion words and their English translations.

44



Table 1. Overview of emotion words.

Positive Emotion Words Negative Emotion Words

F L (oy) =13 (fear) 4= (irritation)
S£18 (happiness) ZEA (sadness) N (guilt)

WA (contentment) Z 1 (shame) IR (hate)

R (pleasure) #BLE (despair) 9P = (jealousy)
%Z (love) AR (anger) &840 (contempt)
B (pride) 718 (anxiety) 0 (disgust)
SR (affection) K E (disappointment) TS 8 [E 7] (stress)

One common criticism related to research using the Google Books Ngram Viewer is
that results may be prone to biases arising from poor optical character recognition
(OCR), particularly with respect to semantic scanning errors, due to similarities in
letters or signs. In their supporting online material, Michel et al. (2011) argue that in
order to ensure high data quality, volumes with poor OCR quality were filtered out.
However, due to comparatively fewer books in the Chinese corpus, no OCR filter was
applied. Although previous research suggests that the Google Books Ngram Viewer’s
Chinese corpus “can be used validly in inferring cross-temporal trends in the Chinese
culture” (Hamamura & Xu, 2015, p. 932), we aimed at verifying the reliability of our
results by considering several sets of synonyms (Younes & Reips, 2018, 2019) as well
as by taking the development of an additional set of control words, i.e., words with

similar optical characters but different meanings, into account.

Synonyms

To verify that results are not driven by idiosyncrasies or varying meanings, we
followed Younes and Reips (2018, 2019) and collected up to three synonyms
(whenever possible) for each of the above stated Chinese emotion words using the
thesaurus “7700 Groups of Frequently Used Chinese Synonyms”. To ensure that the

synonyms are adequate substitutes, we further followed Younes and Reips’ (2019)
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suggestion and asked several Chinese native speakers to rate the synonyms’ suitability
on ascale of 0 (no synonym) to 200 (perfect synonym). In particular, 12 Chinese native
speakers rated our synonyms through an online survey.’ All native speakers were
students (83% female, average age 21 years) at a Chinese University and reported to
have at least a high school diploma. Table 2 provides an overview of the dictionary-
based synonyms and their respective average ratings.

Table 2. Overview of synonyms (dictionary-based) and their respective average

ratings.

Positive Average
Synonyms

Emotion Words Rating
0 (joy) =¥ (glad, happy) 152.5
fai 1R (happy, joyful, cheerful) 151.5
S=1& (happiness) 8 (luck, happiness, good fortune, blessing) ~ 83.8
#E (contentment) M IE (satisfied, contented) 127.9
YN (be satisfied, as one wishes) 100.9
Rl (pleasure) S (interest) 112.2
Z (love) RE gigjszgz)l(f);e) have deep love (or 107.0
TS (pride) B= (haV'e a'proper sense of pride 129 3
or dignity, be proud of sth.)
Negat'ive Synonyms Ave?rage
Emotion Words Rating
=18 (fear) Wi (fear, dread) 162.3
=1 (fear, dread) 159.3
18 (fear, dread, be afraid of) 153.8
757 (sadness) 7578 (grieved, sorrowful) 142.7
Z % (shame) {5152 (be ashamed ) 157.0
75X (anger) KFX (get angry, flare up, lose one's temper) 151.1
WHRX (angry, resentful, enrage) 143.6
Vi (anxiety) 28 (be afraid, be scared, be in fear of) 169.3
K (disappointment) 333% (have one's spirit dampened, feel 156.7

3 We considered only complete forms.
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disappointed)

JK/0 (lose heart, be discouraged) 131.1
4= (irritation) &K (get angry, flare up, lose one's temper)  90.8
LR (hate) ffl. (enemy, foe) 136.8

1#1R (indignantly resent; furiously detest) 123.8

Our final list of synonyms comprises 21 words, covering 14 out of the 21 original
emotion words. The mean rating over all words, 135.4, indicates that on average,
chosen synonyms mirror the original emotion words appropriately. However, since we
did not obtain any synonym for 7 of the original emotion words using a dictionary-
based approach, we also asked the Chinese native speakers to propose one adequate
synonym for each original emotion word. To verify the appropriateness of the
suggested synonyms, we only considered words that were mentioned by at least two
persons and different from the synonyms that we already obtained through the
dictionary-based approach.* Table 3 provides the final overview of proposed
synonyms for positive and negative emotion words.

Table 3. Overview of synonyms (suggested by native speakers) for positive and
negative emotion words with their respective translation and total number of mentions.

Positiye Synonyms # o_f
Emotion Words mentions
F i oy) fRIK (happy, joyful, cheerful, delightful) 5
5218 (happiness) 5% (happy, very satisfactory) 4
JME (contentment) RS (gratified, satisfied) 2
B & (suit, be to one's liking or taste) 2
R (pleasure) HRIR (interest, delight, taste) 3
%Z (love) E W (like, love, be fond of, be keen on) 5
=% (love, have a liking for, be fond of, be keen 2

on)

4To avoid the case that synonyms obtained through the dictionary-based approach were only repeated,
we asked the 12 Chinese native speakers first to propose own synonyms and then to rate given
synonyms.
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Z (love, love affair) 2
5 (pride) 12 (haughty, arrogant, impudent) 2
=1 (supercilious, conceited, arrogant, 2
haughty)
El# (self-satisfied, smug, complacent) 2
SR (affection) 1% (admire, hold in high esteem) 5
Z% (admire, adore) 4
Negative Svnon # of
Emotion Words yhonyms mentions
517 (sadness) XSS (feel sorry, feel bad, be distressed) 6
/0 (sad, grieved, sorrowful, broken- )
hearted)
=i (shame) A (feel a‘shamed e'md remorseful, be 2
conscience-stricken)
#8EE (despair) TCE (hopeless, impossible) 9
A (anger) 4= (get angry, be furious) 8
S 1% (indignant, enraged, furious) 2
K (disappointment) & (lose) 3
#8LE (giving up all hope, hopelessness, 2
despair)
4= (irritation) 2% (indignation, fury, anger, wrath) 7
S 1% (indignant, enraged, furious) 3
BRIZ (feel ashamed and remorseful, be 7
AR (guilt) conscience-stricken)
%GR (have a grudge against, resent, 3
LA (look upon with hostility, be 5
hostile to, regard as an enemy)
fLE% (grudge, grievance, hatred) 2
IF = (jealousy) 4 9F (be jealous of, envy) 12
. =0 i
540 (contempt) 21U (despise, scorn, look down on, 4
show contempt for)
240 (despise, belittle, scorn, look down 3

on)
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& AT (look down upon, belittle, scorn,

despise) 2

ML\ (disgust) R (detest, abhor, abominate, loathe) 5
IXMt (vomit, throw up) 2

PS8 [E 7] (stress) FBAEBIHA (sth. weighing on one's mind, )

mental burden)

Note. Translations are obtained through the New Age Chinese-English Dictionary.

Control Words

As a second robustness check, we developed an approach that can be used to test
whether results are likely driven by systematic scanning errors within the Chinese
corpus. In particular, we considered frequencies of words that are represented by
similar optical characters as our original Chinese emotion words but have a different
meaning. Consequently, the pattern of these frequencies should be different from the
pattern of the original emotion words. To facilitate this robustness check, we used the
New Age Chinese-English Dictionary that lists Chinese expressions according to their
first character. In a first step, we located the original emotion word. In a second step,
we identified the first entry above (upper entry) and the first entry below (lower entry)
the original emotion word that has both, an identical number of total characters and
the same first character as the original Chinese emotion word.” As indicated in Table
4, applying this procedure, we obtained control words for four positive and five

negative emotion words.

Table 4. Overview of control words.

Positive Emotion Words Upper Entry Lower Entry

i (joy) FHE8 (pay expenses) F ¥ (outbreak of hostilities)
M= (contentment) AR (fill one’s eyes) M1E (Manchu)

Z (love) I¥  (fine quality jade) Z  (cover, shelter)

5 In case the Google Books Ngram Viewer did not display any frequencies for a selected control word,
we took the next available word listed in the dictionary. Words were considered as control words when
their meaning was different from the meaning of the corresponding emotion. Since the word for “love”
only consists of one character, we considered only the first character with additional radicals. Thereby,
we only considered lower entries because otherwise the whole symbol would have been changed.
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5 (affection) {5155 (dip, angle of dip) 13 (dumping)

Negative Emotion Words ~ Upper Entry Lower Entry

E18 (fear) E 8 (damage) ZE % (feel ashamed)

Y8 (despair) #8 M (without offspring)  #&0 (lost music, anything lost to
the modern world)

4= (irritation) 43R (raw lacquer) B (during one’s lifetime)

NI (guilt) A (internal diameter) A% (recommend one’s relative)

& (contempt) &P A (humble servant) &84 (vulgar, philistine)

Results

The Prevalence of Emotions over Time

Focusing on the development of individual raw frequencies of positive emotion words
over time, i.e., computing the correlation between raw frequencies and years, we
observe a significant upward trend during the relevant years 1970 to 2008 for the
Chinese emotion words “joy” (r=0.77, p<0.001), “pleasure” (r=0.75, p<0.001),
“affection” (r=0.58 p<0.001), and “contentment” (r=0.53, p<0.001). “Love” (r=0.14,
p>0.1) exhibits a positive but non-significant trend over time. The only positive
emotion words that show a negative time trend are “happiness” (r=-0.56, p<0.001) and

“pride” (r=-0.75, p<0.001). Figure 2 visualizes the pattern of positive emotion words.
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Figure 2. Pattern of positive emotion words in the Chinese corpus from 1970 to 2008.
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The frequencies of positive emotion words peaked in the middle of the 1970s. The
graph further indicates that the 1980s were a period in which the frequencies of
positive emotion words declined substantially. However, since the early 1990s, we
observe an increase in frequencies for the majority of positive emotion words. As

indicated by Figure 3, the pattern of negative Chinese emotion words is more

differentiated.
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Figure 3. Pattern of negative emotion words in the Chinese corpus from 1970 to 2008.

The visual inspection postulates a general positive trend until the end of the 1970s. In
the subsequent years, the trend becomes rather constant and for several words strongly
negative.

The correlation analysis suggests that the individual raw frequencies of “stress”
(r=0.98, p<0.001), “anxiety” (r=0.94, p<0.001), “guilt” (r=0.48, p<0.01), “jealousy”
(r=0.44, p<0.01), “sadness” (r=0.43, p<0.01), and “despair” (r=0.33, p<0.05) rose
significantly over time. In contrast, the words for “irritation” (r=-0.86, p<0.001),
“hate” (r=-0.83, p<0.001), “anger” (r=-0.81, p<0.001), “fear” (r=-0.75, p<0.001),
“contempt” (r=-0.61, p<0.001), and “disgust” (r=-0.53, p<0.001) show the predicted
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negative trend over time. Finally, “disappointment” (r=0.05, p>0.1) and “shame” (r=-
0.12, p>0.1) display no significant pattern.

Raw frequencies of words from the Google Books Ngram Viewer can be
misleading. To thus obtain a more reliable picture, i.e., one corrected for a number of
issues with the Google Books Ngram Viewer, we followed Younes and Reips (2019)
and conducted a set of analyses that can improve the reliability of results of Google
Ngram studies. First, we calculated correlation coefficients by summing up the
individual raw frequencies of the original positive and negative emotion words,
respectively. Second, we repeated both analyses several times by adding three
different sets of synonyms (procedure 4, Younes & Reips, 2019). In particular, in a
first approach, we added the set of synonyms obtained through the dictionary-based
approach. In a second approach, we added the set of synonyms suggested by the
Chinese native speakers. In a third approach, we added a set consisting of the
synonyms obtained through the dictionary-based approach as well as the synonyms
that were suggested by the Chinese native speakers. However, to solely take the most
adequate synonyms into account, we dropped synonyms obtained through the
dictionary-based approach if their rating was lower than the sample mean of 135.4.
Third, we re-conducted each of the above-mentioned analyses by accounting for data
influx, i.e., variations in the corpus over time, and unequal weights, i.e., the
overproportioned influence of single words. In particular, in this advanced method, we
subtracted the summed z-scored frequencies of various common words obtained from
Lin et al. (2012), from the summed z-scored frequencies of the emotion words
(procedure 5, Younes & Reips, 2019). Finally, as an additional robustness check, we
computed the correlation coefficients between years and yearly differences between
the frequencies of original emotion words and the frequencies of control words, both,

using raw frequencies and the advanced method. Table 5 presents the results.
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Table 5. Overview of results.

I II

2 Raw X Z—scores —
frequencies X z—scores of
common Chinese

words
Positive emotion words r=-0.18 = 0.60%***
Negative emotion words r=-0.77***  r=0.09
Positive emotion words including r=-0.09 r=0.29+
synonyms (dictionary)
Negative emotion words including r=-0.73%%*  =-0.45%%*
synonyms (dictionary)
Positive emotion words including r=0.29+ r=0.70%**
synonyms (native speakers)
Negative emotion words including r=-0.80%** =-0.307
synonyms (native speakers)
Positive emotion words including r=-0.16 r=(.58%**
synonyms (dictionary + native speakers)
Negative emotion words including r=-0.77**%*  r=-0.41%*
synonyms (dictionary + native speakers)
Difference between control & emotion words r=-0.27+ = 0.48%*

Note. tp<.1, **p < .01, ***p < 001

After accounting for unequal weights and data influx over time, i.e., using the
advanced method (Table 5, Column II), the original set of positive emotion words
displays a significant positive trend, whereas negative emotion words do not show any
significant pattern. The picture for negative emotion words, however, changes after
including the different sets of synonyms. While there is a significant positive trend for
positive emotion words, the trend for negative emotion words turned significantly
negative after including any set of additional synonyms. Finally, the pattern of the
control words is significantly different from the pattern of the original emotion words,
indicating that the results of this study are unlikely driven by a general bias within the

Chinese corpus.

Emotions and Ecology

Based on the assumption that the shift towards a more individualistic society relates

to changes in the Chinese ecology, we followed Zeng and Greenfield (2015) and
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calculated correlation coefficients between frequencies of positive and negative
emotion words (with and without synonyms) and the sociodemographic factors wealth
(per capital gross national income), formal education (tertiary school enrollment), and
urbanization (urban population). The data on sociodemographic factors is provided by

the World Bank.® Table 6 presents an overview of the results for the different

sociodemographic factors.

Table 6. Overview of results considering different sociodemographic factors.

I I
2 Raw X z—scores —
frequencies ¥ z—scores of
common Chinese
words

Panel A: Wealth
Positive emotion words r=0.00 r=0.82%%*
Negative emotion words r=-0.50** r=0.35%
Positive emotion words including r=-0.08 r=0.51%*%*
synonyms (dictionary)
Negative emotion words including r=-0.50** r=-0.277
synonyms (dictionary)
Positive emotion words including r=0.36* r=0.72%**
synonyms (native speakers)
Negative emotion words including r=-0.54%%* =-0.09
synonyms (native speakers)
Positive emotion words including r=0.04 r=0.63%**
synonyms (dictionary + native speakers)
Negative emotion words including r=-(0.52%** r=-0.24
synonyms (dictionary + native speakers)
Panel B: Formal Education
Positive emotion words r=0.10 r=0.82%%*
Negative emotion words r=-0.49** r=0.33+
Positive emotion words including r=0.03 r=(.58%**
synonyms (dictionary)
Negative emotion words including r=-0.49%* =-0.27
synonyms (dictionary)
Positive emotion words including r=0.45%* r=0.77%%*
synonyms (native speakers)
Negative emotion words including r=-0.53** r=-0.08
synonyms (native speakers)
Positive emotion words including =0.12 = 0.69%**

¢ See https://data.worldbank.org/.
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synonyms (dictionary + native speakers)
Negative emotion words including r=-0.52%%* =-0.23
synonyms (dictionary + native speakers)

Panel C: Urbanization

Positive emotion words r=-0.16 r=0.73%%*
Negative emotion words r=-0.72%** r=0.17
Positive emotion words including r=-0.14 r=0.36*
synonyms (dictionary)

Negative emotion words including r=-0.70%** 1=-0.44%%*
synonyms (dictionary)

Positive emotion words including = 0.29+ r=0.72%**
synonyms (native speakers)

Negative emotion words including r=-0.75%%* r=-0.277
synonyms (native speakers)

Positive emotion words including r=-0.13 r=0.60%***
synonyms (dictionary + native speakers)

Negative emotion words including r=-0.73%** r=-0.40**

synonyms (dictionary + native speakers)

Note. tp<.1, *p <.05, **p <.01, ***p <.001

Based on the fact that urbanization, wealth, and formal education have been constantly
rising, also the results displayed in Table 6 are mainly in line with our hypotheses. In
particular, using the advanced method (Column II), we find that the original set of
frequencies of positive emotion words exhibits a significant positive correlation with
all sociodemographic factors. Additionally, for the combined sets of frequencies of
positive emotion words and all types of synonyms, we observe a significant positive
correlation with all sociodemographic factors. In contrast, frequencies of the original
set of negative emotions words also display a positive correlation. By including any
set of synonyms, we obtain, however, the expected negative correlation that remains

significant for urbanization.

Discussion

By using the Google Books Ngram Viewer to investigate changes in the frequencies
of Chinese negative and positive emotion words between the years 1970 and 2008,
this article analyzes the impact of social changes on the prevalence of emotions in

China. Based on the theory of social change and human development (Greenfield,
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2009), we hypothesize that related to China’s development towards a Gesellschaft over
the last few decades, changes in the prevalence of emotions are also observable. In
particular, based on differences in the perception and expression of emotions between
individualistic and collectivistic cultures (Potter, 1988; Schimmack et al., 2002;
Kuppens et al., 2008), the frequencies of positive emotion words are expected to
increase, whereas the frequencies of negative emotion words are expected to decrease.

On an aggregated level and after considering data influx, unequal weights, and
synonyms, frequencies of positive emotion words exhibit the expected increase over
time. In addition, frequencies of negative emotion words display the expected decrease
over time. However, by considering the sets of the original emotion words without
adding any synonyms, we observe a significant positive trend for positive emotion
words and a positive but insignificant trend for negative emotion words. Although we
believe that the mixed result obtained for the set of negative emotion words relates to
a methodological bias that can be mitigated by the consideration of additional
synonyms, it might be also possible that this result mirrors the impact of the role of
cultural heritage on social change (Huntington, 1996). Ingelhart and Baker (2000), for
example, provide profound evidence for the assumption that “the broad cultural
heritage of a society [...] leaves an imprint on values that endures despite
modernization” (p.19). Hence, the unexpected increase for some negative emotions
could likely be the outcome of a reaction against the new values in China. Further,
Greenfield and Zeng (2015) explain the counter-movement of some of their examined
collectivistic values with China’s current stage of urbanization. A part of the
population still lives a simple life with little wealth and low technology, whereas the
other part of the population is urban, wealthier, and enjoys high technical standards.
In line with the assumption that especially the latter part of the population is more
closely linked to the adaption of individualistic values, Zeng and Greenfield (2015)
indicate that there are co-existing value systems in current China, which are likely

responsible for the partial increase of “Gemeinschaft” characteristics.
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Finally, by directly linking positive and negative emotion words to sociodemographic
changes, our results indicate that urbanization, increases in the level of wealth, and
formal education facilitate changes in the prevalence of emotions. In particular, after
considering the influx of data, unequal weights, and additional sets of synonyms, we
observe a significant positive correlation between all sociodemographic factors and
the frequencies of positive emotion words. In contrast, frequencies of negative
emotion words show a significant negative correlation with urbanization, and a
negative but mostly non-significant correlation with formal education and wealth.
However, as part of the most advanced investigation procedure (considering influx of
data, unequal weights, and synonyms obtained through a dictionary and suggested by
Chinese native speakers), we excluded synonyms that received a below-average rating
by the Chinese native speakers. By also including these synonyms, the correlations
between frequencies of negative emotion words and formal education as well as wealth
were weakly negative. Overall, the results suggest that values and behavior shift along
with ecological changes.

Like any other study, this paper is not without limitations. Although the
consideration of the development towards individualism as the sole explanation of
emotional development does certainly not capture all facets of such a complex and
diverse field, this paper still sheds further light on the culture-sensitivity of values and
behavior. A further point of criticism that we already noted relates to the Google Books
Ngram Viewer’s underlying methodology, particularly to the lack of an appropriate
OCR filter for the Chinese corpus (Michel et al., 2011, supporting online material).
We aimed at addressing this issue not only with the use of different sets of synonyms
but also by comparing the frequency pattern of the original emotion words to the
frequency pattern of control words, i.e., words with similar Chinese characters but a
different meaning. Since control words did not display a similar development as our
positive and negative emotion words, potential flaws in Google Books Ngram

Viewer’s OCR are likely not a major driver of our results. An additional concern that

57



particularly applies for the Chinese corpus is the fact that Google’s library partners are
mainly based in Western countries. Hence, a large part of the underlying Chinese
literature may be books that drew attention to Western audiences and may not properly
represent China’s actual cultural development (Xu & Hamamura, 2014; Hamamura &
Xu, 2015; Zeng & Greenfield, 2015). In this regard, we want to point out that the
assumption that print culture represents culture as a whole may certainly not always
hold. However, we believe that this study allows at least for an approximate

assessment of the culture-sensitive development of emotions in China.
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General Discussion

The three research articles of this thesis are concerned with the use of the Google
Books Ngram Viewer. By examining the development of social change over the course
of time, each study generates important empirical knowledge on the development
towards individualism in different cultures. In addition, the thesis provides beneficial
guidance concerning the methodology that can be used to increase the reliability of
results. In what follows, I will explicitly point out the research articles’ scientific

contribution, provide implications for future research, and draw a final conclusion.

Contribution to Knowledge

The main contribution of this thesis is two-fold. First, each research article contributes
to the vast amount of literature that focuses on the general development of
individualism and collectivism over time (see, e.g., Triandis, 2018, for a review). In
this respect, the thesis particularly adds to the novel strand of research that uses the
Google Books Ngram Viewer to derive assumptions on cultural change (e.g., Kesebir
& Kesebir, 2012; Twenge et al. 2012a,b; Oishi et al., 2013; Greenfield, 2013;
Hamamura & Xu, 2015; Xu & Hamamura, 2014; Zeng & Greenfield, 2015; Yu et al.
2016). With regard to the replication of Greenfield’s (2013) findings for the German
corpus, the first research article provides further evidence for the global universality
of the recently developed social change and human development theory that suggests
that sociodemographic shifts move values from collectivistic to individualistic
manifestations (Greenfield, 2009). In this regard, the first and the second research
article especially add to the better understanding of cultural change by revealing a
bidirectional change for individualistic and collectivistic values. In particular, the first
research article shows a general increase in individualistic values and a general
decrease in collectivistic values over time but highlights a reversal during the years of

the Nazi Regime and World War II. In accordance, the second research article
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demonstrates a similar reversal for collectivistic values despite a general negative
trend. By putting its focus on religion, the second research article further contributes
to the strand of research that discusses religion as a coping strategy (see, e.g.,
Pargament, 2001, for a review). Finally, by highlighting the development towards
individualism for China, the third research article confirms previous findings on the
culture’s development towards a more individualistic society also for rather
collectivistic countries (Moore, 2005; Yan, 2009; Sun & Wang, 2010; Cai et al., 2012;
Xu & Hamamura, 2014; Hamamura & Xu 2015; Zeng & Greenfield, 2015; Yu et al.;
2016). Thereby, the third research article simultaneously adds to the strand of (Google
Ngram) research that focuses on emotions (e.g., Mohammed, 2012; Acerbi et al., 2013;
Scheff, 2015; Morin & Acerbi, 2017).

The second share of the thesis’ main contribution is related to each of the
research articles methodological improvements and refinements. Because the Google
Books Ngram Viewer offers impressive opportunities for research purposes, it has
been increasingly used in recent academic research. Thus, it is important to
continuously improve on the method to mitigate shortfalls that may potentially bias
derived assumptions (see, e.g., Gooding, 2012; Pechenick et al., 2015; Pettit, 2016).
In this respect, each of the three presented research articles improves on the previously
applied method. In particular, to reduce the probability of wrong assumptions caused
by the prevalence of, e.g., optical character recognition errors, flaws related to messy
metadata, idiosyncrasies, and the disproportionately large influence of single words,
the first research article introduces the systematic use of synonyms for the German
corpus. In addition, the second article constitutes a guideline of state-of-the-art
research methods that should be considered when using the Google Books Ngram
Viewer. The guideline focuses on the synonym approach and four further
methodological procedures that all aim at increasing the reliability of derived results.
In particular, to test the universality of a certain theory or to compare results for various

cultural environments, the use of different language corpora may be beneficial.
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Further, by relying on a corpus that is not heavily impacted by scientific literature, the
English fiction corpus allows to reinforce the findings derived from the American and

13

British English corpora. In addition, by using the feature “ INF”, frequencies of
similar words can be compared. Thereby, inconsistencies among semantically similar
words can be detected and taken into account. Finally, the application of a newly
developed standardization procedure accounts for both, unequal frequency weights,
and the influx of data over time. By presenting a roadmap on how to apply several
procedures in combination and by highlighting the empirical and theoretical
consequences of their neglect, the second research article points out how sensitive
results can be to the methodological choices a researcher can make. Finally, by
focusing on Chinese, the third research article applies the previously introduced
procedures to a language that is not based on a Latin alphabet. In addition, it adds a
newly developed corpus-specific procedure that suggests how to evaluate whether,
e.g., errors in optical character recognition, may bias the results. In particular, by
comparing frequency patterns for a set of content-related words and a further set of

optically similar but completely unrelated expressions, researchers can reinforce the

reliability of results when using the Chinese corpus.

Implications for Future Research

This doctoral thesis offers valuable insights associated with the improvement on the
method and the examination of cultural change using the Google Books Ngram
Viewer. Both aspects offer interesting directions for future research. In particular, by
reinforcing universality of Greenfield’s (2009) social change and human development
theory, this thesis suggests that an investigation of cultural change can be conducted
by using any of the Google Books Ngram Viewer’s available corpora. In this regard,
considering rather understudied corpora such as the Hebrew corpus may provide
further beneficial insights and additional knowledge on, for example, the Israeli

population’s development of values over time. In addition, both, the first and the
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second research article focus on World War II to investigate the consequences of a
momentous historical event on a population’s cultural development. However, also
other historically significant events might be interesting to study. The consideration
of, e.g., additional wars, changes of governing, i.e., from democracy to a regime and
vice versa, or foundations of unions or political parties may have also led to
bidirectional value shifts. Further, although this thesis is mainly concerned with the
development of individualism and collectivism over time, future research may use the
Google Books Ngram Viewer to gain insight into various fields. Previous research, for
example, also focused on topics such as gender differences (Twenge et al., 2012b; Del
Giudice, 2012; Ye et al., 2018), personality (Roivainen 2013, 2015), or cognition
(Hills & Adelman, 2015; Ellis et al., 2015; and Virues-Ortega & Pear, 2015).

In terms of methodology, research using the Google Books Ngram Viewer has
primarily focused on visual inspection, correlation analysis, and linear regression
models. Accordingly, also this thesis takes these kind of methods into account. While
they are suitable to reveal cultural changes, they do not establish a clear cause-effect
relationship. In this regard, future research may put its focus more on the establishment
of causality. Further, one of the most challenging problems with these types of analysis
is the number of words that has to be considered to obtain real effects. For this reason,
it would be beneficial to develop a standard, possibly by using some kind of bootstrap
method to estimate the minimum amount of words needed to obtain reliable effects.
The same holds true for the number of years to be included in the analysis. Another
point that might be interesting to examine is the quantification of the quality
improvement that comes by using the Google Books Ngram Viewer in general. To
examine cultural change, previous studies also considered external corpora such as the
Gutenberg online library that is, for example, not affected by the problem of messy
metadata but consists of significantly fewer books (see, e.g., Morin & Acerbi, 2017).
Future research may strive for conducting some kind of horse race by using several

corpora and even go beyond the scope of books in order to determine what type of
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cultural product analysis is the most appropriate one to capture cultural change.
Finally, this thesis presents procedures on how to conduct Google Ngram studies using
the English, German, French, Italian, Spanish, and even Chinese corpora. As already
mentioned, we did not study the Hebrew corpus. However, just as for Chinese, the
visual similarity between letters of the Hebrew alphabet may also cause biases arising
from errors in, e.g., optical character recognition. Particularly the letters Dalet, Hey,
and Final Kaf might be difficult to distinguish for a computer algorithm. The same
holds true for Russian. Within the scope of the second research article, we did not
deeply focus on this corpus but only used it to discuss potential biases arising from
censorship and propaganda. Future research should take the specific characteristics of
the Hebrew and Cyrillic alphabet into account and strive for developing additional

corpora-specific investigation procedures that are able to address potential biases.

Conclusion

Technological progress has spread knowledge globally. In this regard, also research
methods, i.e., strategies to generate knowledge, have seen unprecedented
opportunities. One of these opportunities has been the launch of the Google Books
Ngram Viewer in 2010. The online tool allows to chart a word’s annual relative
appearance in a corpus of millions of scanned books and thereby makes it possible to
quantify cultural change. The present thesis uses the Google Books Ngram Viewer to
investigate the development of cultural change over time. In line with previous
research, each of the thesis’ three research articles highlights a constant development
towards individualism also for rather collectivistic societies like China. However,
there is also evidence for an expected reversal during severe times of crisis such as
wars, suggesting that cultural changes can be bidirectional. Further, by focusing on
China, the thesis adds that cultural change also influences the expression of emotions.
In addition to the newly established cultural insights, each of the three studies

improves on the method by addressing several of the Google Books Ngram Viewer’s
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shortfalls, i.e., scanning errors, flaws related to messy metadata, idiosyncrasies, and
the disproportionately large influence of scientific literature or single words that may
potentially bias derived assumptions. The methodological recommendations cumulate
in a state-of-the-art guideline on how to conduct Google Ngram research and are
extended by a corpus-specific procedure for Chinese. To summarize, this thesis does
not only add to research on cultural development but suggests that the Google Books
Ngram Viewer offers unprecedented research opportunities. Further, by equipping
researchers with a highly relevant and extensive set of methodological tools, this thesis
allows to generate reliable knowledge and unfold the Google Books Ngram Viewer’s

full potential.
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S1 Appendix

Due to large scaling differences, the Figures A to N of S1 Appendix do not include the words “God”,
“Gott”, “Dio”, “Dios”, and “Dieu”, respectively. However, they show a similar curvature.
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Fig L. Raw frequencies for religious terms using the French Google Ngram corpus.
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Fig M. Raw frequencies for religious terms using the Fiction English Google Ngram corpus.
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Fig N. Raw frequencies for religious terms using the Fiction English Google Ngram corpus.
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Fig O. Raw frequencies for common words using the American English Google Ngram corpus.
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Fig P. Raw frequencies for common words using the British English Google Ngram corpus.
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Fig Q. Raw frequencies for common words using the German Google Ngram corpus.
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Fig R. Raw frequencies for common words using the Italian Google Ngram corpus.
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Table A. Psychological Google Ngram research published between 2010 and 2018.

Journal Article Language Subject
American Journal of Clinical Hypnosis [46] English Other
Archives of Sexual Behavior [17] English Gender
Cognition [26] English Cognition
Cognition and Emotion [22] English Emotions
Current Psychology [24] English Personality
Decision Support Systems [21] English Emotions
Frontiers in Psychology [12] Chinese I/c
International Journal of Psychology [13] Chinese I/c

[14] German Ic

[16] Russian I/C

[51] Various 1/C
Journal of Cross-Cultural Psychology [7] English I/C

[11] Chinese I/C

[15] Russian I/C

[37,38] Various I/C
Journal of Personality and Social Psychology [47] English Other
Journal of Positive Psychology [8] English I/c
Journal of Psychoeducational Assessment [48] English Other
Journal of Research in Personality [19] English Gender

[23] English Personality
Personality and Social Psychology Bulletin [36] English Emotions
Perspectives of Psychological Science [49] English Other
PLOS ONE [6] English I/c

[20] English Emotions

[25] English Cognition
Psychological Reports [50] English Other
Psychological Science [10,52] English I/C
Qualitative Inquiry [45] Various Emotions
SAGE Open [9] English I/C
Science [4] Various Other
Sex Roles [18] English Gender
The Psychological Record [27] English Cognition

Note. 1/C indicates “Individualism/Collectivism™. Literature was collected by conducting a Google
Scholar search. The first 50 pages covering the years 2010 to 2018 were taken into account. The search
terms were “google ngram books”. Only psychological literature was considered.

Table B. Overview of religious terms in Spanish and French.

Original Spanish French Original Spanish French
altar altar autel prayer oracion priere
angel angel ange prophet profeta prophete
belief fe foi religion religion religion
clergy clero clergé revelation revelacion révélation
creed credo croyance  ritual ritual rituel
doctrine doctrina doctrine saint santo saint
God Dios Dieu sermon sermon sermon
heaven cielo ciel shrine santuario  lieu
miracle milagro miracle soul alma ame
pilgrimage peregrinacion pelerinage  spirit espiritu esprit
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Table C. Overview of synonyms.

Original Synonyms English Synonyms German Synonyms Italian

altar sacrarium sanctuary prothesis Opferstitte Brandopferstitte X ara X X

angel archangel seraph cherub Cherub Himmelsbote Himmelswachter X X X

belief deism theism animism Frommigkeit Glaubensiiberzeugung  Glaubigkeit religione professione  credo
clergy pastor shepherd  vicar X X X ecclesiastici sacerdoti religiosi
creed credo dogma orthodoxy ~ Anschauung Ansicht Betrachtungsweise dogma fede X

doctrine  theology divinity scholasticism Dogma Glaubenssatz Lehre principi teorici dogma

God Creator  Preserver Allah Allwissender Gottvater Herr Iddio Domineddio ~ Creatore
heaven paradise nirvana zion Jenseits Paradies Himmelreich eden cielo empireo
miracle prodigy  portent sign Ausnahmeerscheinung Geheimnis Hexenwerk portento prodigio X
pilgrimage rites mysteries  laud Wallfahrt Hadsch X viaggio X X

prayer orison devotion  retreat Bitte Bittgebet Dankgebet orazione prece invocazione
prophet  priest archpriest hierophant ~ Hellseher Mahner Rufer annunziatore vate X

religion  creed dogma piety Bekenntnis Glaube Glaubenslehre fede credo confessione
revelation divine apocalypse disclosure X X X teofania X X

ritual rites cult institution Kult Ritus Brauch cerimoniale  cerimonia X

saint patron X X Legende Mythos Patron martire patrono X

sermon oration  speech effusion Kanzelrede Kanzelwort Sermon sermone omelia predicazione
shrine temple  fane pantheon Heiligenschrein Reliquiar Reliquienschrein  tempio chiesa sacrario
soul spirit geist mind Empfindungsleben Gefiihlsleben Gemiit spirito X X

spirit ghost shades visitant Dimon Erscheinung Gespenst anima X X

Note. X indicates that no synonym was available. In case singular and plural forms were listed we only considered one form. For the German word "Gott" we did not conisder the pronoun "Er"
(he) as a synonym. For the English word "spirit" we did not consider the words "Manes", "lemures", and "zombie" as synonyms.

Table D. Overview of original words and their higher frequency inflections.

American English British English German Italian
Original High Original High Original High Original  High
orison orisons orison orisons Cherub Cherubim principi principio
seraph seraphim mysteries mystery Allwissender  Allwissenden martire martiri
mysteries mystery shades shade Démon Déamonen prece preci
shades shade institution institutions Glaubenssatz ~ Glaubenssitze omelia omelie
institution institutions Glaube Glauben sacerdoti  sacerdote

Note. As noted in the main text, (higher frequency) inflections may change over time.

Table E. Correlation coefficients for WWII using words of highest frequency.

Language Original Terms Synonyms Original Terms + Synonyms
American English r=-0.88, p<0.001 r=-0.89, p<0.001 r=-0.88, p<0.001

British English r=-0.95, p<0.001 r=-0.93, p<0.001 r=-0.93, p<0.001

German r=0.88,p<0.001 r=0.81,p<0.001 1r=0.85,p<0.001

Italian r=0.41, p>0.1 r=0.87,p<0.001 r=0.79, p<0.01

Note. Correlation coefficients are calculated by subtracting the summed z-scores of raw
frequencies of various very common words from the summed z-scores of raw frequencies of
the original terms and/or synonyms.
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