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Historical patterns of rice farming explain
modern-day language use in China and Japan
more than modernization and urbanization
Sharath Chandra Guntuku 1,2✉, Thomas Talhelm 3✉, Garrick Sherman 1,2, Angel Fan2, Salvatore Giorgi1,

Liuqing Wei4 & Lyle H. Ungar 1,2

We used natural language processing to analyze a billion words to study cultural differences

on Weibo, one of China’s largest social media platforms. We compared predictions from two

common explanations about cultural differences in China (economic development and urban-

rural differences) against the less-obvious legacy of rice versus wheat farming. Rice farmers

had to coordinate shared irrigation networks and exchange labor to cope with higher labor

requirements. In contrast, wheat relied on rainfall and required half as much labor. We test

whether this legacy made southern China more interdependent, as measured by modern day

language. Across all word categories, rice explained twice as much variance as economic

development and urbanization. Rice areas used more words reflecting tight social ties, holistic

thought, and a cautious, prevention orientation. We then used Twitter data comparing pre-

fectures in Japan, which largely replicated the results from China. This provides crucial

evidence of the rice theory in a different nation, language, and platform.
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Social psychologists have discovered that the words people
use can give insight into their thought and behavior (Pen-
nebaker et al., 2003). For example, people’s word use reflects

their personalities (Pennebaker and King, 1999). Word use can
also predict future behavior (Guntuku et al., 2020). Studies have
found that depressed college students and poets who later went
on to commit suicide used more self-focused language than non-
depressed people (Stirman and Pennebaker, 2001; Rude et al.,
2004).

Beyond differences between individuals, researchers have also
used language to explore differences between regions (Chung
et al., 2014). For example, researchers analyzed language use on
Twitter and found that people in areas that expressed more
negative emotions—particularly anger—had higher rates of heart
attacks (Eichstaedt et al., 2015). In another study, sentiment
toward the Affordable Care Act (“Obamacare”) on Twitter pre-
dicted differences in enrollment across states (Wong et al., 2015).
Further, cross-cultural variation in word use has also been
explored to study differences in expressions of politeness (Li et al.,
2020), temporal orientation (Hou et al., 2024), and psychological
stressors (Cui et al., 2022).

These studies suggest language use can give insight into peo-
ple’s psychology and regional differences. In this study, we ana-
lyze over a billion words from Weibo (similar to Twitter) to gain
insight into regional differences across China. Similar to Twitter,
Weibo posts tend to be short. At the time of our data collection,
posts were limited to 140 characters. The median post in our
dataset is 14 Chinese characters long. This is similar to the
average sentence length in Chinese, according to one estimate (Xi
et al., 2022).

On Weibo, people typically post about things they are doing
and reactions to news events. For example, a user in Guang-
dong posted, “I’m not allowed to leave the country to travel for
half a year, I’ll stick it out!” A user in Hebei posted, “Wasn’t life
just loneliness all along.” Posts are public. In other words, they
are not direct private messages like text messages or emails.
Not surprisingly for a tech platform, users tend to be younger
and more educated than the population as a whole Koetse
(2015).

To frame our search, we test categories and constructs that
cultural psychology has linked to individualism and collectivism.
We also use bottom-up machine learning to discover word-use
differences that might not map onto predicted differences. This
could allow us to discover new, unanticipated differences. For
each category, we test the societal factors psychologists have
argued are causes of collectivism.

Modernization
One theory we test is modernization theory. Modernization
theory is perhaps the most widely researched theory of culture
(Inglehart, 2000; Greenfield, 2009). It is the idea that, as cultures
become more wealthy, modernized, or urbanized, they become
more individualistic (Grossmann and Varnum, 2015). This nar-
rative is particularly strong among papers researching differences
in China (Cai et al., 2012). Researchers have argued that mod-
ernization has made people in China more narcissistic, more
individualistic, and more self-indulgent (Wu, 1996; Ralston et al.,
1999; Cai et al., 2012).

The attention on modernization in China makes sense, as
China is at a unique place in history to test modernization theory
due to its rapid economic growth in the last two decades. Eco-
nomic development varies dramatically around China. GDP per
capita goes from US$3859 in northwest Gansu province to US
$14,600 in Beijing (based on 2014 GDP per capita, converted to
US dollars). That’s roughly the difference between the Republic of

Congo and Argentina (World Bank, 2020a). The broad pattern of
development is low in the west and interior of China and high
along the eastern coast (Fig. 1).

The urban-rural divide
The urban-rural divide is closely linked to modernization. Cul-
tural psychologists have found some evidence that people in cities
are more individualistic than people in rural areas (Yamagishi et
al., 2012). In China, much of the discussion of the urban-rural
divide focuses on the wealth gap (Sicular et al., 2007). If urban-
rural differences are mostly wealth differences, urbanization
predictions would be mostly redundant with economic develop-
ment predictions.

However, urbanization isn’t exactly the same as wealth. Some
smaller towns and rural areas are quite wealthy. Plus, cities have
distinctive features beyond wealth. Cities are hubs of diversity,
museums, art, and universities. Thus, we test for urbanization
separately from modernization. In China, urbanization mostly
falls along the eastern coast, but there are important interior large
cities, such as Chongqing (Fig. 1).

The rice theory
Besides modernization, we test whether China’s history of
farming rice has left a lasting influence on the culture. For gen-
erations, people around the Yangtze River and further south have
farmed paddy rice. Farther north from the Yangtze River, people
have farmed wheat, millet, and other dryland crops.

Why would rice and wheat be important for culture? Paddy
rice is unlike any other major grain (Talhelm and Oishi, 2018).
For one, rice grows best in standing water. If farmers can flood
their fields, they can reap 4–5 more tons per hectare than dryland
rice (Khush, 1997). That encourages rice farmers to build irri-
gation systems to control water levels.

However, those irrigation systems create classic common
dilemmas. All of the farmers can produce more rice with irriga-
tion systems, but no single farmer wants to be responsible for
building, dredging, and repairing the irrigation networks. In
response, traditional rice villages in China created rotating task
schedules and enforced punishments for people who did not
show up (Fei, 1983).

Once farmers controlled the water, it meant they now had to
coordinate their water use. When water was scarce, farmers had
to coordinate which fields get flooded and which did not. In some
irrigation networks, farmers had to flood and drain their fields at
the same time (Bray, 1986, 119). That made it difficult to be a
rogue rice farmer.

Paddy rice also comes with a huge labor burden. Anthro-
pologists observing pre-modern rice farmers found that rice
required about twice the number of hours per hectare as crops
like wheat or barley (Fei, 1945, 214). This was true even when the
same farmer planted a plot with rice one year and other crops the
year after (Fei, 1945).

Part of the labor burden comes from managing irrigation, but
another part also comes from the process of transplanting rice
from seedbeds into the main field (which is not done with wheat).
Wet, muddy fields also made work more difficult (Hayami, 1978,
27). The labor burden is important for culture because it led rice
farmers from Japan to West Africa to form cooperative labor
exchanges (Fei, 1945; Bray, 1986; Richards, 1987).

Of course, helping was not limited to rice farming. Farmers of
many types of crops helped each other out. But anthropologists
have found that the help and interdependence in rice farming was
tighter and more binding than with other crops. For example, an
anthropologist compared dryland farmers in Central Africa to
wetland rice farmers in Japan and concluded that the exchanges
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were more critical and binding in Japan (Suehara, 2006). In
contrast, the exchanges in the Congo were freer and more flexible.
In sum, rice farming was more interdependent, with tighter social
ties than wheat farming.

In line with this theory, people in southern China score higher
on measures of implicit interdependence and loyalty/nepotism
(Talhelm et al., 2014). In contrast, people in the wheat-farming
north of China are more likely to spend time alone (Talhelm
et al., 2018). Around the world, countries with a history of rice
farming tend to have tighter social norms (Talhelm and English,
2020) and smaller, more binding social ties (Thomson et al.,
2018).

Rice farming is a part of the larger body of work on subsistence
styles. Subsistence theories of culture examine how the ways
people make their living influence cultural practices. For example,
researchers have argued that herding was a more mobile and
individualistic subsistence style than farming, which could
explain why people in cultures with a history of herding report
more flexible relationships (Thomson et al., 2018).

Opposite predictions
Importantly, the history of rice in China leads to opposite pre-
dictions from modernization. Rice happens to be distributed

conveniently for researchers interested in the causes of culture
(Fig. 1). In the 1980s, Deng Xiaoping started the Reform and
Opening policy, creating special economic zones. Perhaps to
insulate the central government from these risky reforms, Deng
put these zones in southern China. With the runaway success of
foreign trade, the rice area of China is now wealthier on average
than the wheat area (Talhelm et al., 2014).

That accident of history puts the modernization theory and the
rice theory in direct contrast. If modernization is a strong force
on culture, the rice areas of China should be more individualistic
than the wheat areas. But if China’s agricultural legacy continues
to influence culture, we should see more markers of inter-
dependent culture in southern China.

That said, rice and wealth are not so highly correlated as to be
confounded. The rice region includes wealthy areas and some of
China’s poorest provinces. For example, Shanghai and Zhejiang
have more than double the GDP per capita as provinces like
Guangxi and Jiangxi. China’s wheat areas also include wealthy
areas like Beijing and poorer provinces like Henan and Shanxi.

Other theories of culture
Of course, modernization and subsistence style are not the only
influences on culture. We also test a thorough set of other

Paddy Rice GDP per Capita US$

Urbanization Positivity/Optimism

Fig. 1 The geographic distribution of rice (upper left), modernization (upper right), and urbanization (lower left). The lower right displays the most
common words for the positivity/optimism category along with their English translations. In the word cloud, larger words appear more frequently in the
Weibo data. Urbanization is the percentage of urban residents in 2016. GDP per capita is from 2014. Rice data is the earliest available (from the 1996
Statistical Yearbook), although this data correlates strongly with limited data from 100 years ago.
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theories on the causes of culture based on disease (Fincher et al.,
2008), climate (Van de Vliert et al. 2012), herding (Uskul et al.,
2008), education (Greenfield, 2009), and ethnic diversity (Huynh
and Grossmann, 2020). Table S1 lays out all data sources, mea-
sures, and theoretical rationales for regional differences.

Linguistic categories
To categorize words into psychological constructs, we started
with the Linguistic Inquiry and Word Count tool (LIWC). We
used the 2015 version of the Chinese dictionary, except for the
“humans” category, which is only available in the 2007 version.
LIWC has psychometrically validated categories, such as positive
emotion, cognitive processes, and achievement words. Research-
ers have used the LIWC dictionary in many studies, analyzing
everything from blogs to poems (Stirman and Pennebaker, 2001).
We used the simplified Chinese version of LIWC, which predicts
personality traits, depression, suicidal tendencies, and mental
health in individuals and communities (Zhao et al., 2016).

Theory-driven categories. We created five new categories based
on theories of collectivism in cultural psychology that were not
represented in the LIWC categories: in-group/out-group, uni-
versalism, positivity-optimism, and fashion/trends. We provide
details on the theoretical founding of these predictions in Sup-
plemental Section 6. In the main text, we focus results on cate-
gories that revealed meaningful regional differences, but we
report all results in the supplemental materials. Supplemental
Tables S22A–S22C list the words in the newly created word
categories. Next, we outline our main word categories of interest.

Cognition and discourse
Cognitive process. First, we analyzed differences related to
thought style. Decades of research have documented differences
in thought styles between East and West (Nisbett et al., 2001). For
example, people in North America and Western Europe are more
likely than people in China and Japan to rely on rules of formal
logic, such as logical non-contradiction (Choi and Nisbett, 2000).
Participants from East Asia are more likely to think dialectically,
which accepts the possibility that an idea and a contradictory idea
can both be true (Peng and Nisbett, 1999). Researchers have used
the term “holistic” to describe the dominant thought style in East
Asia and “analytic” to describe the thought style of the West
(Nisbett et al., 2001).

Cultural psychologists have theorized that differences in social
style cause these differences in thought style (Varnum et al.,
2010). This theory is based on several observations:

1. Thought style and social style are correlated across nations.
Interdependent cultures tend to think more holistically than
individualistic cultures (Na et al., 2010).

2. Within national cultures, more interdependent groups tend
to think more holistically. For example, women and people
from working-class backgrounds tend to think more
holistically than men and people from white-collar back-
grounds (Talhelm et al., 2015; Talhelm, 2018).

3. Researchers have experimentally put people in an inter-
dependent mindset using tasks like reading stories about
characters who take other people into account or who act
independently from others (Trafimow et al., 1991). A meta-
analysis of different priming techniques found that people
tend to think more holistically after interdependent priming
(Oyserman and Lee, 2008).

Based on this data, the rice theory and modernization theory
make two different predictions:

Rice. If rice cultures are more interdependent, then the rice areas
of southern China should think more holistically.

Modernization. If modernization makes cultures more indivi-
dualistic, the wealthier southern provinces should think less
holistically.

We tested this idea using the “cognitive processes” category of
LIWC. Cognitive process words are related to thought and logic,
such as therefore (所以), suppose (假如), and analyze (分析). Are
cognitive process words tapping into cultural thought style? Table
2 finds that provinces’ use of cognitive process words on Weibo
are significantly correlated with findings from an earlier study
measuring analytic thought style among students across China
(Talhelm et al., 2014).

Causation. LIWC’s cognitive processes category also includes
three more specific sub-categories: causation and certainty.
“Cause” words relate to causality, such as effect (作用), cause-
and-effect (因果), and due to (由于).

Certainty. Certainty includes words such as certain (确定),
definitely (肯定), and confident (自信). Holistic thinkers may use
fewer words expressing confidence and certainty because holistic
thought emphasizes frequent change and humility about what we
can know. For example, people in Korea were less surprised than
Americans when their predictions failed to come true (Choi and
Nisbett, 2000). Greater certainty may also be related to the ten-
dency to take action in individualistic, promotion-focused cul-
tures (which we discuss below).

Possibility and openness. The cognitive process sub-category of
possibility and openness1 expresses a willingness to explore. The
category includes words like suppose/hypothesize (假设), try out
(尝试), and conjecture (推测). People who use more of these
words tend to score higher on the personality trait of openness to
experience (Pennebaker and King, 1999), express greater indivi-
duality (Burke and Dollinger, 2005), and participate more in class
(Pennebaker and King, 1999). These words are also more com-
mon among people with a promotion focus (Tuncdogan and
Dogan, 2019) (discussed below).

Non-fluencies. We also analyzed two LIWC categories that are
separate from the cognitive process category: non-fluencies and
assent. Non-fluencies include words like “uh” and “um” (such as
呃). We discuss non-fluencies alongside cognitive processes
because there is some evidence that people use non-fluencies
when they are uncertain and hesitant—the opposite of the cer-
tainty category (Pon-Barry, 2008).

Assent. The assent category includes words where the speaker
expresses agreement, such as yeah (嗯) and OK (OK, 好吧).
These words might reflect the speaker’s desire to get along with
the listener and avoid confrontation. We present assent results
with other cognitive process words because cultural psychologists
and historians have argued that Western culture has traditionally
encouraged more debate (Nisbett et al., 2001), while thinkers in
China may have been less argumentative and instead found ways
in which “other opinions had something to be said for them”
(Lloyd, 1990, 550).

Promotion orientation and emotion
Achievement. LIWC includes a category for achievement words.
There is some evidence linking interdependence to what
researchers call “prevention focus” (Higgins, 1997). People with a
prevention focus tend to see the world as a dangerous place. They

ARTICLE HUMANITIES AND SOCIAL SCIENCES COMMUNICATIONS | https://doi.org/10.1057/s41599-024-04053-7

4 HUMANITIES AND SOCIAL SCIENCES COMMUNICATIONS |         (2024) 11:1724 | https://doi.org/10.1057/s41599-024-04053-7



focus on avoiding bad outcomes and feel relief when they prevent
bad outcomes. In contrast, people with a promotion focus worry
less about risks and instead focus on exploring and attaining
good, new things.

Researchers originally thought of prevention focus as a
personality trait, but later researchers found that cultures vary
in their prevention focus (Lee et al., 2000; Aaker and Lee, 2001).
Previous studies have found that collectivistic cultures are more
prevention focused, which would lead to the prediction that rice
areas are more prevention focused than wheat areas (Aaker and
Lee, 2001; Ouschan et al., 2007). For example, a study found
people in Japan reported more prevention orientation than
people in Australia (Ouschan et al., 2007). Another study found
that Canadians with a cultural background from East Asia or
Southeast Asia were more prevention oriented than Canadians
with a European background (Lockwood et al., 2005). In another
study, researchers asked participants to think about being
interdependent with other people, they became more
prevention-oriented (Lee et al., 2000). Thus, there is evidence
linking interdependence with prevention focus.

Several LIWC categories are related to prevention and
promotion. For example, achievement words focus on approach-
ing and obtaining new things, such as overcome (克服), triumph
(战胜), and obtain (获取).

Positivity/optimism. Machine learning also created another
category of words centered around positivity and optimism.
These optimism and goal words include words such as ideal (理
想), goal (目标), and positive (积极). They seem to reflect striving
and positivity, which fit with the idea of promotion focus.

Affect. We ran analyses of the LIWC category of affect words,
such as sad (伤心), happy (高兴), and lose face (丢脸). We
analyzed affect for two reasons. First, affect words might be a sort
of counterweight to cognitive process words. If rice-farming
regions use fewer cognitive words, they might use more affect
words instead. Second, testing affect words allows us to pull apart
differences in emotion words in general versus specific emotion
categories like positivity/optimism.

Self and groups
Self, I, and we. Self words might be more common in indivi-
dualistic cultures. For example, one study found that people in
interdependent sub-cultures within the US use “we,” “us,” and
“our” more, whereas people in independent sub-cultures use “I,”
“me,” and “mine” more (Stephens et al., 2012). However, another
study found mixed results (DeAndrea et al., 2010). We tested
whether people in rice areas used more “we” and less “I”. We also
created a broader list of “self words,” including basic words like
“self” (自己,自我) and “personal” (个人).

Humans and universalism. We argue that one common mis-
understanding of collectivistic cultures is to think they are more
social in general (Talhelm and Oishi, 2018). This assumption is
apparent in self-report scales designed to measure inter-
dependence. These scales often include items that ask about
“other people,” without specifying who those people are and
whether they have a relationship with the respondent.

For example, one classic collectivism scale item reads, “To me,
pleasure is spending time with others” (Singelis, 1994). This item
makes sense if people generally don’t distinguish between people
of different relationships. However, we argue that interdependent
cultures like rice cultures focus intensely on the type of
relationship. The sorts of behaviors people associate with
collectivism are concentrated in known, trusted relationships—

family, close friends, and trusted co-workers (Talhelm and Oishi,
2018).

If the other person is outside that circle, the behaviors
sometimes flip. Counter-intuitively, it is individualistic cultures
that care more about strangers and people in general. For
example, trust toward strangers is lower in collectivistic cultures
(Fukuyama, 1995). It is people in individualistic cultures that
agree more with abstract statements like, “I feel good when I
cooperate with others” (Talhelm, 2019).

In a similar line of research, studies have found that historically
rice-farming cultures have lower relational mobility (Thomson
et al., 2018). In cultures with low relational mobility, relationships
tend to be more stable and longer lasting, although people have
less freedom and choice over who they interact with. Across
39 societies, people in cultures with low relational mobility
reported meeting fewer new acquaintances in the last month and
having dated fewer people (Thomson et al., 2018).

These prior findings led us to test whether people in rice areas
would use more in-group words, whereas people in wheat areas
would use more words to describe people in general. LIWC has
the category humans, which has some words that fit with an
emphasis on universalism (such as the people, 人民), but others
that do not (such as self, 自己). Therefore, we created categories
that were more precise in terms of the size of the social network.
The universalism category includes words about broad groups,
such as humanity (人类), the people (人民), and worldwide (全
球).

In-group/out-group connecting. We created two categories of
in-group/out-group words: connecting and dividing. Both cate-
gories draw a distinction between in-group members versus
people who are outside the group. The “connecting” category
contains words that people often use when they want to connect
with other people, such as collective (集体) and compatriot (同
胞).

In-group/out-group dividing. In contrast, we also created a
category for in-group/out-group words that identify near and far
people in a dividing way, such as non-local (外地人) and outsider
(外人).

Fashion and trends. Previous research found that people in
interdependent cultures are more likely to use shared social
standards for traits and success, whereas people in individualistic
cultures are more likely to use internal, personally defined stan-
dards (Dunning and Cohen, 1992). If so, people in collectivistic
cultures may base decisions like what to watch or what to wear on
social norms (represented by social trends). In contrast, people in
individualistic cultures may base those decisions on their internal
tastes or standards and thus pay less attention to social trends. To
test this, we created a category of words about fashion and trends,
such as hot (to describe ideas and trends, 热门), out-of-style (过
时), and celebrities (名流).

Theoretical contributions
Causes of culture. Having big data down to the prefecture level
gives fine-grained data to test theories of the causes of cultural
differences in China. Previous studies have tested for cultural
differences across China (Van de Vliert et al., 2012; Talhelm et al.,
2014; Talhelm and English, 2020). However, the question of
regional differences in China is far from settled, let alone a unified
theory of why cultures differ. Furthermore, the sheer scale of this
study surpasses prior studies in terms of the sample size, the
number of fine-grained geographic units, and the number of
psychological outcomes.
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New dimensions of cultural differences. One contribution of
using natural language is that it allows us to explore a wider range
of outcomes than previous research. Lab studies have been lim-
ited to a single attitude scale (Van de Vliert et al., 2012; Talhelm
and English, 2020), a handful of lab tests (Talhelm et al., 2014;
Dong et al., 2019), or a particular Census indicator such as
patents (Talhelm et al., 2014; Zhu et al., 2019). Using natural
language opens up many new possibilities for outcomes. For
example, no prior research on rice farming has tested whether
there are differences in interest in fashion/trends, emotion words,
or universalism. Bottom-up, machine-learning categories can
unearth new categories of cultural differences that are (a) not
obvious from prior research or (b) not contained in existing
LIWC categories.

Legacy of farming culture in the face of modernization. The
large sample size allows us to test a theoretical question that has
not been tested in prior studies with less diverse samples (Van de
Vliert et al., 2012; Talhelm et al., 2014; Dong et al., 2019): whether
these historically rooted cultural differences are disappearing in
more modernized areas of China. As China races ahead into
modernization, it has regions firmly in the developed world and
other regions still rooted in subsistence economies and poverty.
For example, Shanghai has a GDP per capita on par with coun-
tries in Europe, whereas prefectures like Bijie are on par with
developing countries like Algeria and El Salvador. This large and
diverse dataset can allow us to test whether cultural differences
are different in these two types of regions. If rice-wheat differ-
ences are disappearing in the face of modernization, we should
find smaller differences—or even no differences—in China’s
modernized areas.

Replication outside of China. Japan offers an important test of
the rice theory. Although there is evidence for rice-wheat differ-
ences in China (Talhelm et al., 2014; Dong et al., 2019), the
question of whether rice farming influenced culture is far from
settled. Although we can statistically control for potential con-
founds in China, a stronger “stress test” of the theory is to check
whether it applies in different contexts.

Although Japan and China have had much cultural exchange,
Japan is different in important ways. For example, Japanese is
from an entirely different language family from Chinese. Its
Shintoism religion is distinct from religions in China. Histori-
cally, the central government had a stronger role in Japan, with
higher taxes and more public goods per capita (Sng and
Moriguchi, 2014). Its geography as an island nation has shielded
it from historical forces, leaving Japan free from Genghis Khan’s
Mongolian Empire, for example. Testing whether rice farming
influences culture in a different context provides an important
empirical check on the theory. In this study we offer a replication
of the results from China in Japan on a different platform: Twitter
as opposed to Weibo in China.

Methods
Data. Our materials are public messages posted on Weibo. Since
Weibo does not provide streaming API tools to obtain random
samples over time (as Twitter did at the time when this study was
conducted), we used the Weibo API to query for all status
updates from a given user, where users were crawled using a
breadth-first search strategy beginning with random users. In
total, we obtained about 29 million posts posted in 2014 and 2015
from 859,054 users. Based on prior work, we used the self-
reported location from user’s profile information (Guntuku et al.,
2019). Three prior studies have found that this method of locating

participants is accurate and reliable on Twitter and Weibo (Giorgi
et al., 2018; Jaidka et al., 2020; Cui et al., 2022).

We are limited in our analyses to 2014 and 2015 because
Weibo data is difficult to collect. Weibo does not provide an API
that makes access easy. One alternative is to scrape data, but
Weibo requires registration to scrape, and registration requires a
Chinese phone number. Thus, longitudinal data covering more
years was not feasible.

Linguistic features. We automatically extracted the relative fre-
quency of single words, LIWC, and theory-driven features across
posts of all users. First, all posts of users were segmented into
words using THULAC (Li and Sun, 2009). Then, we removed all
words used by less than 1% of users to remove uncommonly used
words. We started by testing the LIWC Chinese categories. We
converted each post into a vector by counting tokens in user posts
that match tokens in the LIWC dictionary. We then summed
these token counts on the user level and normalize by the number
of words posted by each user.

We then used the MALLET implementation of latent
Dirichlet allocation (LDA) (Blei et al., 2003) to identify latent
data-driven word clusters. Although newer topic modeling
techniques exist, research has shown that LDA remains effective
while also maintaining interpretability (Dixon et al., 2022). We
generated 2000 topics and shortlisted topics that we judged
related to individualism and collectivism. Each topic comprises a
group of co-occurring words that are identified by LDA (Fig. 1).

Theory-driven features. We also created new categories and sub-
categories based on cultural psychological theories that were not
represented in the LIWC categories: alone, fashion/trends, in-
group/out-group, justice, and universalism words. The features
were extracted from all posts and aggregated to each user in the
dataset to obtain language profiles for every user. We report all
results in the supplemental materials and focus on categories that
revealed meaningful regional differences in the main text.

User demographics. Many Weibo users report their demographic
information such as age, gender, and location. Of the entire set of
users in our dataset, we obtained age for 13,776 users, gender for
558,264 users and location (city and province) for 564,139 users.
Of these, we analyzed data from users with at least 1000 words so
that we have sufficient language from each user for analysis
(Jaidka et al., 2018).

We analyzed these variables but acknowledge that this is a
limited set of individual demographics. For example, we do not
have demographics such as political beliefs, social status, and
education. Although we do not have these variables at the
individual level, we estimate regional differences in variables like
education and wealth.

All analyses that include gender or age automatically remove
organizational accounts (such as accounts run by companies).
That is because organizations like companies, news media, and
non-profits usually do not put a gender and age on their account.
People might assume that organizations are less representative of
regional culture. However, this assumption may be flawed. Both
individuals and organizations are a part of cultures. And as
collective bodies, organizations may be even stronger reflections
of local culture. Regardless, our analyses with gender and age
exclude organizational accounts.

For location, we were able to map users in our dataset to 29
provinces and 421 prefectures (shi 市, often translated as “city”
but more akin to prefectures or US counties). This retained
249,361 users with province-level information and 80,825 users
with prefecture-level information.
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Regional variables. Table S1 reports the sources and measures for
each regional variable. This table also describes the theoretical
rationale for each variable.

Rice. We used the percentage of cultivated land devoted to paddy
rice for the earliest year we could find. For provinces, this was
from the 1996 China Statistical Yearbook. For most prefectures,
the earliest yearbooks were from 2002. This measure excludes
dryland rice, which does not use irrigation networks to provide
standing water and thus requires less labor and coordination.
How well does 1996 data represent historical rice farming? We
compared this data to 1914 rice data available for 22 provinces
(Perkins, 1969). The two were correlated highly r(22)= 0.95,
P < 0.001, suggesting that the 1996 data reflects traditional
regional differences in rice farming.

We use the term “wheat” to describe areas with little rice
farming. This makes sense because provinces in China that don’t
farm rice tend to farm wheat r(28)= 0.69, P < 0.001. However, we
use “wheat” as a catchall term that describes dryland crops in
general. There is diversity in China’s wheat region. Around the
time of Confucius, millet was more common in northern China
(Elvin, 2008; Talhelm and Oishi, 2018). Later, corn arrived from
the Americas; nowadays, a handful of provinces grow more corn
than wheat. Future studies can dive more deeply into whether
there are meaningful differences between different dryland crops
like wheat, corn, and potatoes.

GDP and modernization. We used province and prefecture GDP
data from 2014 as a measure of modernization (Sheng, 2013).
Because there is evidence of a lag between modernization and
cultural change (Grossmann and Varnum, 2015), we also tested
1996 GDP per capita (Table S14).

We also tested several alternative measures of modernization
because researchers have argued that GDP is not always the best
measure of modernization (Inglehart, 2000). Because local leaders
in China receive promotions based in part on GDP statistics,
some researchers have expressed suspicion about GDP numbers
(Wallace, 2016). For that reason, we collected data on internet
installation rates from the China Internet Network Information
Center. This data is less politically sensitive and less likely to be
faked. Supplemental Section 8 describes more alternative
measures.

Urbanization. We used the percentage of urban residents per
province as a measure of urbanization. We analyzed data from
2016 to represent modern urbanization and data from 2000 to
represent time-lagged urbanization.

Japan data. We measured economic development in Japan using
prefecture GDP per capita from 2010. We used urbanization
statistics on the ratio of urban population per prefecture from
2005 (the latest year from the statistical department report). We
controlled for differences in regional education using the per-
centage of college graduates per prefecture in 2010.

Unfortunately, data on users’ gender, age, and education were
unavailable for Twitter users in Japan. However, the data from
China suggests that this is not a major concern, because the China
data showed highly similar results for rice controlling for user
characteristics or not.

Statistical analysis. We analyzed the data using hierarchical
linear models with the LMER function in the lme4 package in the
program R. We grouped observations at the province level for
province-level rice analyses and at the prefecture level for
prefecture-level rice analyses.

We isolated the patterns in users’ language by building multi-
level models predicting linguistic feature usage across individuals
using controls from both individual users and users’ locations.
We used Benjamini–Hochberg P-correction and P < 0.05 to
identify meaningful correlations. To test the hypothesis, we
estimated a series of regression models which are variations of the
following:

LinguisticCategoryi ¼ αi þ β1Controluser þ β2Controlregion þΦþ ε

For each feature dimension in every linguistic category i, we
built a regression model with user-level controls (age and gender)
and regional control variables along with Φ, which is the random
effect (one of 421 counties or one of 29 provinces), and ε is the
error term.

All analyses control for gender. We then added in provincial or
prefecture-level control variables, such as GDP. Because age is
available for only a small sub-sample, we first analyzed whether
age is a meaningful predictor for each word category. Then we
analyze age controls in depth for the categories that age predicts
over r > 0.10.

Results
Validation tests for new categories
Reliability. We tested the validity of the newly created categories
in three ways. First, we tested the internal consistency using
KR20, a statistic similar to Cronbach’s alpha but better suited to
text analysis (Boyd et al., 2022). Because our constructs are
culture-level constructs rather than individual-level constructs,
we analyzed them at the group level (prefectures). Previous
research has found that constructs that are reliable at the culture
level do not always show up at the individual level (Na et al.,
2010).

All of the categories had reliabilities above the common cutoff
of 0.70 (Table 1). This result suggests that words that we
theorized are connected actually tend to occur together. The one
exception was the self category, which was borderline at 0.68. This
is probably because the self category only has eight words, and
reliability scores “punish” measures with fewer items. Given that
the reliability fell close to the cutoff despite having few items, we
kept it in the main analyses.

Discriminant validity. Next, we asked whether the newly created
categories are different from previous categories. We tested this
by checking whether the new categories are not highly correlated
with the LIWC categories. Researchers have suggested correla-
tions above 0.90 are clear signs of redundancy, 0.80 is a warning
sign, and below 0.80 is acceptable (Rönkkö and Cho, 2022). All
correlations were below 0.60 (Table S21). This result suggests that

Table 1 Reliability of newly created word categories
(prefecture level).

Word Category KR20

Achievement 0.99
Universalism 0.89
In/outgroup: connecting 0.72
In/outgroup: dividing 0.78
Self 0.68
Positivity/optimism 0.96
Fashion and trends 0.95

KR20 values are a measure of reliability similar to Cronbach’s alpha but better suited to word
frequencies (Boyd et al., 2022). Values above 0.70 are generally considered acceptable. The
word categories are conceptualized at the culture level, so reliabilities are calculated at the
prefecture level.
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the new categories are measuring topics that are not already
represented in the LIWC categories.

Convergent validity. Finally, we tested whether the word cate-
gories that we expected to reflect collectivism and holistic thought
actually correlated with behavioral markers of collectivism
around China. As an external index benchmark of collectivism,
we calculated collectivism indexes for provinces and prefectures.
We followed prior studies by combining Census statistics on
divorce rates (less collectivistic), percentage of people living alone
(less collectivistic), and three-generation families (more collecti-
vistic) (Vandello and Cohen, 1999; Gong et al., 2021).

For further validity criteria, we also used data on holistic thought
across China (Talhelm et al., 2014) and implicit individualism on
the sociogram task (Talhelm et al., 2014), which measures how
large people draw the self versus how large they draw their friends.
We also analyzed data on norm tightness (Chua et al., 2019)
because it tends to be higher in collectivistic cultures, r= 0.49
(Talhelm and English, 2020). Researchers disagree about whether
norm tightness is a feature of collectivism or just strongly correlated
with it (Talhelm and English, 2020). However, either conceptua-
lization would lead to the prediction that tightness should correlate
with word categories that tap into collectivism.

If the word categories are really tapping into collectivism, they
should correlate with these markers of collectivism. Some
researchers have suggested external correlates should be above
r= 0.20 (Arbisi et al., 2008). However, the limited number of
provinces only gave us the statistical power to detect significant
correlations above r= 0.56 (90% statistical power). Therefore, we
focus on the overall pattern of correlations, rather than using a
binary cutoff.

Table 2 shows the correlations for the 12-word categories that
showed rice-wheat differences. Correlations are highlighted in
green if they were in the theoretically expected direction and in red

if they were in the wrong direction. All correlations were in the
expected direction with the external markers of collectivism across
China, except for the in-group/out-group dividing category. The
dividing category may need to be considered in tandem with the
connecting category (connecting minus dividing words), rather
than on its own. Except for this category, the 11-word categories
showed convergent validity with other markers of collectivism.

Of the four word categories that did not show consistent rice-
wheat differences, the tests of convergent validity mostly failed
(Table S20). For example, provinces that scored high on
collectivism in behavioral indexes and psychological tests tended
to use less “we.” “I” and “we” continued to fail convergent validity
checks after controlling for general pronoun use or calculating the
ratio of “I” to “we.” These results suggest that using “I” versus
“we” in China is not tapping into collectivism, at least as
measured by other markers of collectivism. In summary, 12 of the
newly created word categories showed high internal consistency
(reliability), clear discriminant validity from LIWC word
categories, and acceptable convergent validity with external
markers of collectivism and holistic thought.

Finally, we tested whether the 11-word categories that passed
the external validity checks in Table 2 tap into an underlying
dimension of collectivism. The word categories showed accep-
table reliability for provinces (Cronbach’s alpha = 0.69) and
prefectures (alpha= 0.73).

Cognition and discourse
Cognitive words. People in wheat areas consistently used more
cognitive words (Fig. 2). People in wheat-farming provinces used
more cognitive process words than people in rice-farming pro-
vinces (ß=−0.08, P < 0.001, rprov=−0.44, Table 3). Zooming
into the prefecture level revealed the same pattern (ß=−0.08,
P < 0.001, rpref=−0.11, Table 4).

Table 2 Convergent validity tests with provincial collectivism index, prefecture collectivism index, norm tightness, holistic
thought, and self-inflation.

Markers That Are Higher in Collectivistic Cultures Lower

Word Category
Province Collectivism Pref. Collectivism Index Norm Tightness Holistic Thought Self-Inflation

r P r P r P r P r P

citylan
A/citsilaudividnI

Cognitive Processes -0.27 0.139 -0.31 0.028 -0.38 0.034 -0.37 0.047 0.24 0.220

Causation -0.41 0.023 -0.35 0.012 -0.07 0.727 -0.36 0.049 0.22 0.264

Certainty -0.23 0.211 -0.30 0.035 -0.51 0.003 -0.42 0.020 0.23 0.240

Possibility/Openness -0.24 0.189 -0.27 0.054 -0.33 0.075 -0.47 0.010 0.25 0.199

Positivity/Optimism -0.24 0.195 -0.21 0.141 -0.36 0.049 -0.45 0.013 0.28 0.148

Achievement -0.32 0.080 -0.26 0.071 -0.001 0.997 -0.40 0.027 0.32 0.098

Universalism -0.34 0.060 -0.26 0.070 -0.23 0.217 -0.50 0.005 0.09 0.640

Humans -0.45 0.011 -0.29 0.041 -0.18 0.337 -0.26 0.162 0.00 0.995

In/Outgroup: Connecting -0.27 0.150 -0.19 0.189 -0.56 0.001 -0.46 0.010 0.19 0.327

C
ol

l./
H

ol
is

tic In/Outgroup: Dividing 0.04 0.825 -0.14 0.318 0.16 0.383 -0.15 0.429 0.06 0.780

Non-Fluencies 0.24 0.191 0.24 0.092 0.01 0.939 0.22 0.251 -0.28 0.157

Assent 0.22 0.225 0.07 0.634 0.03 0.874 0.38 0.041 -0.07 0.736

Green shaded rows correlate in the theoretically consistent direction. Red shaded rows correlate in the inconsistent direction. The province and prefectural collectivism indexes are Z scores of (%
3-generation households - % living alone - % nuclear families – divorce to marriage ratio) based on prior indexes in the US and China (Vandello and Cohen, 1999; Gong et al., 2021). The tightness of social
norms comes from a survey of 11,662 people from 31 provinces (Chua et al., 2019). Holistic thought comes from tests using the triad categorization task with 1019 students from 30 provinces (Talhelm
et al., 2014). Self-inflation data comes from 515 college students from 28 provinces who completed the sociogram task (Talhelm et al., 2014). In the sociogram task, participants draw circles to represent the
self and their friends. People in individualistic cultures draw the self much larger than friends on average.
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Differences were similar in the sub-categories. People in rice
prefectures used fewer words related to causality (ß=−0.08,
P < 0.001, rpref=−0.24), possibility/openness (ß=−0.04,
P < 0.001, rpref=−0.07), and certainty (ß=−0.06, P < 0.001,
rpref=−0.14). Rice-wheat differences were independent from
education (Tables S3A–S3B). This makes sense with the idea that
holistic and analytic thought are cultural thought styles, rather
than cognitive abilities. Studies of students from top-ranked
colleges in the US and China still find cultural differences in
thought style (Talhelm et al., 2014). Rice continued to predict
fewer cognitive process words after accounting for gender, age,
GDP, temperature, and all other variables listed in Table S1.

Non-fluencies. People in rice-farming provinces used more non-
fluencies such as “uh” and “um” (ß= 0.06, P < 0.001,
rprov= 0.69). “Uh’s” and “um’s” may reflect the hesitation and
circumspection related to the rice area’s less frequent use of
certainty words. This hesitation might also reflect the prevention
focus of rice cultures (discussed below).

Assent. Similarly, people in rice provinces used more assent words
(ß= 0.09, P < 0.001, rprov= 0.78). These words could reflect a
hesitance toward debate and a desire to avoid conflict.

Promotion orientation and emotion
Achievement. In line with the idea that rice farming might cause a
focus on prevention, people in rice-farming provinces used fewer

achievement words (ß=−0.08, P= 0.011, rprov=−0.75), such as
determination (决心).

Positivity/optimism. People in rice provinces also used fewer
positivity/optimism words (ß=−0.09, P < 0.001, rprov=−0.76).

Affect. Rice-wheat differences in cognitive words and positivity
words seemed to be independent of differences in emotion words
in general. People in rice and wheat provinces did not differ
significantly in their use of affect words (ß=−0.02, P= 0.148,
rprov=−0.31). Given the large samples, the mixed results suggest
there are not consistent rice-wheat differences in emotion words
in general.

An interesting pattern emerged when we looked at differences
in the sub-categories of affect words. Although there were no
overall rice-wheat differences in affect, that seemed to be because
rice areas used more positive emotion (ß= 0.03, P < 0.001) and
less negative emotion (ß=−0.02, P= 0.014). The differences
extended to the negative emotion subcategories of anger and
sadness but not anxiety (P= 0.457).

At first glance, this might seem to contradict the finding that
rice areas use fewer positivity/optimism words. However, this
highlights the distinction between the two categories. The positive
emotion category includes a broad range of positive words, such
as thank you (谢谢) and kiss (亲亲). In contrast, the positivity/
optimism category focuses more narrowly on words about goals,
striving, and achieving, such as goal (目标), triumph (克服), and
optimistic (乐观).

Fig. 2 People in rice provinces use fewer universalism, cognitive process, and positivity/optimism words, but more assent words. These four graphs
show the percentage of paddy rice per cultivated land per province and word use for words related to universalism (top left), assent (top right), positivity/
optimism (bottom right), and cognitive processes (bottom left).
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Self and groups
Fashion and trends. Results for fashion and trends were mixed.
Differences between provinces were not significant (Table 4). But
differences between prefectures were significant. People in rice-
farming prefectures used significantly more fashion/trend words
after controlling for age (ß= 0.03, P= 0.022, rpref= 0.02, Table
S4B).

Universalism versus groups. People in rice provinces used fewer
universalistic (ß=−0.06, P < 0.001, rprov=−0.76) and humanity
words (ß=−0.09, P < 0.001, rprov=−0.76). This fits with the
idea that rice farming was built around close relationships rather
than the loose ties of wheat farming (Ang and Fredriksson, 2017;
Thomson et al., 2018). Looking at the two in-group/out-group
categories, people in rice provinces used fewer words that con-
nected across in-groups and out-groups, such as compatriot (同
胞, ß=−0.03, P= 0.011, rprov=−0.53). But this trend did not
extend to words that tend to imply divisions between in-groups
and out-groups; people in rice-farming provinces were just as
likely to use dividing words like outsider (外人, ß= 0.01,
P= 0.724, rprov= 0.25). In sum, people in rice-farming areas used
fewer words about broad social ties and connecting across groups.

Self, i, and we. Against our predictions, people in rice provinces
used less “we” (ß=−0.04, P < 0.001, rpref=−0.01) and “I”
(ß=−0.02, P= 0.023, rpref=−0.01). People in rice prefectures
used marginally fewer self words (ß=−0.01, P= 0.156, rpref=
−0.11). Rice-wheat differences in these categories were weaker
between provinces than between prefectures (Table 3). These
categories failed most tests of convergent validity with other
markers of collectivism (Table S20).

The finding that people in rice-farming prefectures used both
“I” and “we” significantly less is puzzling. One explanation could
be “pronoun drop.” Pronoun drop is when the speaker leaves out
the pronoun and relies on the context or other cues to
communicate the pronoun. For example, in Chinese, it is natural
to say “didn’t hear it” (没听见) and drop the “I.” If rice areas are
dropping pronouns more often than people in wheat areas, this
could explain why rice areas are using less “I” and “we.”

In line with this reasoning, one study compared cultures
around the world and found that collectivistic cultures drop
pronouns more (Kashima and Kashima, 2003). The researchers
argued that this is because naming the subject often emphasizes
the individual actor, which makes more sense in a culture that
emphasizes individual agency. In contrast, dropping the pronoun

subtly emphasizes the situation. Emphasizing the context fits with
the idea that people in collectivistic cultures see behavior more in
terms of the situation (Morris and Peng, 1994; Nisbett et al.,
2001).

In line with the conjecture that pronoun drop is more common
in collectivistic cultures, people in rice areas used fewer of all
types of pronouns (ß=−0.10, P < 0.001, rprov=−0.60). If this
trend within China replicates in future studies, it would present
an interesting test of the theory that dropping is more common in
collectivistic cultures (Kashima and Kashima, 2003). Differences
like this within China are valuable to theory building because
these differences are among speakers of the same language family.
Previous research that found that collectivistic cultures are more
likely to drop pronouns were comparing entire languages (such as
comparing Chinese and English), rather than differences within a
single language (Kashima and Kashima, 2003).

Rice-wheat border analysis. Comparing regions within China
provides a cleaner comparison of cultural differences than com-
paring across countries. However, there are still differences
between rice and wheat regions in China. For example, rice
regions are at lower latitudes and tend to be hotter. Rice regions
are also farther from herding cultures that have played an
important role in Chinese history, such as the Mongolians.

One way to help rule out the influence of many potential
confounds between rice and wheat regions is to analyze
differences among only neighboring prefectures along the rice-
wheat border. This analysis takes advantage of a convenient quirk
of geography in China. While factors like temperature decrease
bit by bit going north, the transition from rice farming to wheat
farming is abrupt (Talhelm, 2015). For example, Anhui province
has nearby prefectures that farm 1% rice and 89% rice.
Comparing prefectures along the rice-wheat border provides a
more controlled comparison of places that differ strongly in rice
and wheat but minimally in potential confounds like temperature.

We tested whether the rice-wheat differences for China as a
whole replicated along the rice-wheat border provinces of
Sichuan, Chongqing, Hubei, Anhui, and Jiangsu. Of the 11 word
categories that differed significantly across China (Table 4), eight
were significant along the rice-wheat border (Table 5). Two were
marginally significant (“we” and in-group/out-group connecting,
Ps= 0.07). One was non-significant (universalism). In sum,
analyses along the rice-wheat border mostly replicated the larger
rice-wheat differences across China. Only one category failed to
show a similar trend. This more controlled comparison suggests

Table 5 Differences in word use are similar comparing just nearby prefectures along the rice-wheat border.

Word category Rice side words per 10,000 Wheat side words per
10,000

t P 95% CI

Cognitive processes 861.12 871.21 2.91 0.004 [3.29 16.89]
Causation 87.50 89.19 2.84 0.005 [0.52 2.86]
Certainty 120.94 122.36 2.10 0.036 [0.09 2.75]
Possibility/openness 132.45 134.58 2.61 0.009 [0.53 3.72]
Assent 460.57 446.12 −5.58 <0.001 [−19.53 −9.38]
Non-fluencies 54.80 53.15 −2.94 0.003 [−2.76 −0.55]
Universalism 15.21 15.24 0.13 0.897 [−0.38 0.44]
Humans 96.90 101.32 5.34 <0.001 [2.80 6.04]
In/outgroup: connecting 19.45 19.89 1.78 0.074 [−0.04 0.91]
Positivity/optimism 20.48 22.28 5.67 <0.001 [1.18 2.42]
Achievement 112.96 117.24 4.86 <0.001 [2.56 6.01]
We 23.36 23.85 1.77 0.077 [−0.05 1.02]

This table tests along the rice-wheat border for the word categories that showed significant differences in the analysis over all of China (Table 4). The border runs through Sichuan, Chongqing, Hubei,
Jiangsu, and Anhui. Prefectures in these provinces are defined as rice if they devote more than 50% of cultivated land to paddies. These nearby prefectures differ sharply in rice (Talhelm and Oishi, 2018)
but very little in temperature, latitude, distance from contact with herding cultures, and other potential confounds.
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that rice-wheat differences are due to rice farming and not larger
differences in temperature or latitude.

Controlling for pronoun drop. In response to an earlier draft, an
anonymous reviewer suggested running analyses controlling for
the percentage of pronoun drop. Controlling for pronoun drop
could accomplish two things:

(1) It could separate social differences from differences in
thought style. If pronoun drop is a marker of holistic
thought, controlling for pronoun drop could allow us to test
whether social differences such as self words and uni-
versalism words are separate from thought style differences.

(2) Pronoun drop could represent a larger pattern of dropping
substantive words. It is possible that people who drop
pronouns also tend to leave out key words and instead rely
on the context to fill in the details (Adair et al., 2004). For
example, people could leave out the key substantive word
by saying, “I wish you wouldn’t be so…” or “Don’t be like
that.” If pronoun drop is an indicator of leaving out key
words, controlling for pronoun drop would give us one
method to check whether rice-wheat differences are
separate from patterns of omitting words.

To measure pronoun use, we calculated the percentages of
words that were pronouns for each user. Results showed that rice-
wheat differences remained significant after controlling for
differences in pronoun use (Table 6). These results suggest that
rice-wheat differences are independent of pronoun drop. Also, if
pronoun drop correlates with a general pattern of dropping words
(contextual communication), then this analysis suggests that the
rice-wheat differences we found are independent from differences
in contextual communication.

However, there was one exception. Rice-wheat differences in
possibility/openness became non-significant after controlling for
pronoun use (P= 0.782). People who used more pronouns
tended to use more possibility/openness words. This presents an
interesting puzzle for future research. We hazard a potential
explanation. Possibility/openness often involves imagining new
possibilities. Many possibility/openness words in the LIWC
dictionary involve imagining different realities, such as, “imagine
that…” Because these are new thoughts, they may be more
abstract and less tied to a particular context. This explanation
would fit with prior research that has described individualistic,
Western cultures as “low context” communication cultures, in
contrast to interdependent, “high context” communication
cultures like China and Japan (Ishii et al., 2003; Adair et al.,
2004).

Overall, the results also suggest that rice-wheat differences are
not an artifact of dropping key words. However, pronoun drop is
only one measure of contextual communication. Future research
could explore new methods of measuring contextual
communication.

Reverse causality. One challenge with trying to test whether rice
farming influenced culture in China is reverse causality. If all of
China can farm rice, and it is just people in certain areas who
choose to farm rice, then perhaps some people were collectivistic
to begin with, and they decided to farm rice. Perhaps people in
certain areas had more social cohesion to begin with, and that led
them to pick up rice farming.

One way to test this is to ask where it is physically possible to
farm rice in China. The United Nations Food and Agriculture
Organization estimates where it is possible to farm wetland rice
using a range of environmental conditions, such as rainfall,
temperature, soil, and terrain. What is important for our purposes

is that these “rice suitability” values apply to plots of farmland
regardless of whether people there are actually farming rice.

These suitability values can tell us two things. First, suitability
can tell us whether all of China could grow rice if people wanted
to. The answer here is clearly no. Large swaths of China—14
provinces in total—have suitability scores of zero. Instead,
environmental suitability for rice strongly predicted where people
actually farm rice in China, β= 0.86, F= 1063.50, P < 0.001.
Thus, people farm rice in China mostly where it is ecologically
possible; it is not the case that large parts of China could farm rice
but just chose not to. This makes reverse causality less likely.

Second, we re-ran the main analyses removing actual rice
farming and using environmental suitability instead (an instru-
mental variable analysis). By removing the variable that is
potentially selected by humans (farming rice) and replacing it
with a variable that is mostly out of traditional humans’ hands
(the climate), we can gain more insight into whether rice is
shaping culture (causality) or whether certain types of people
choose to farm rice (self-selection). The results replicated the
main analysis both for prefecture rice suitability (Table 7) and
province suitability (Table S7). These results suggest that reverse
causality is not driving rice-wheat differences in China.

Are differences due to dialect?. Differences in dialects could con-
found tests of rice-wheat differences, especially because southern
rice areas have more diverse dialects than the northern wheat
areas (Wurm et al., 1987). Although written Chinese often allows
words from different dialects to be written the same way, there
are still words that are unique to different dialects. These dia-
lectical words are unlikely to appear in the Chinese LIWC dic-
tionary and thus may undercount words from non-Mandarin-
speaking areas. We used a Chinese version of LIWC, which was
previously validated (Zhao et al., 2016).

Cantonese: We ran two analyses to pull apart rice-wheat differ-
ences from dialect differences. First, we ran analyses excluding
Cantonese, which is arguably the most distinct and most cultu-
rally developed dialect. Cantonese is highly developed in part
because of the historical importance of Hong Kong, which pro-
duced many popular movies and songs in the era when most
media in Mainland China was limited to strictly socialist stories.
Cantonese has the most developed system of non-Mandarin
characters (such as 係), which do not appear in the LIWC dic-
tionary. This could be an important confound in testing the rice
theory because Cantonese areas are also some of the highest rice-
producing areas in China.

To test whether rice-wheat differences were a confound of
Cantonese, we re-ran the main analyses excluding the two
Cantonese-speaking Mainland provinces (Guangdong and
Guangxi). After excluding Cantonese-speaking areas, rice-wheat
differences that were significant in the main analyses remained
significant. Thus, rice-wheat differences exist independently from
Cantonese-speaking regions.

Mandarin only: Second, we ran a more conservative analysis
limited to Mandarin-speaking provinces only. To categorize
provinces, we used the Language Atlas of China (Wurm et al.,
1987), which denotes nine of the 29 provinces in the sample as
speaking a non-Mandarin Chinese dialect. Although this elim-
inates many provinces, it still leaves enough provinces and pre-
fectures to run analyses. It also leaves variation in rice. Mandarin
areas still vary from 0% to 60% paddy rice.

Results from Mandarin-speaking areas show that rice-wheat
differences remain significant (Table 8). Rice-wheat differences in
cognitive words, achievement words, and all other categories that
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were robust in the main analyses remain robust in the Mandarin-
only analyses.

Which explains more: rice, development, or the urban-rural
divide?. Next, we compared historical rice farming to two factors
that researchers invoke far more often to explain cultural differ-
ences: modernization (Greenfield, 2009) and urbanization
(Yamagishi et al., 2012). Modernization and urban-rural differ-
ences are easy to see in China. In contrast, historical patterns of
farming are not obvious to people. Thus, it would be logical to
predict that modernization and urbanization should more
strongly shape differences in China than rice.

To compare rice, modernization, and urbanization, we
analyzed provinces’ rice, GDP per capita, and the percentage of
urban residents. We calculated predictive power at the province
level using the R squared for each LIWC word category. We put
one predictor and one word category in each model, then took
the R squared. Then we averaged the R squared across all word
categories.

First, we did an analysis for the words we hypothesized would
be related to rice. Then we compared the predictive power (R
squared) across all 86 LIWC 2015 categories we had available,
regardless of whether we predicted rice-wheat differences for that
particular category. We did this because we might bias the
analysis in favor of rice if we limit it to only the variables we
predicted would be related to rice. Using all categories avoids the
problem of cherry-picking the categories we hypothesized were
related to rice. In short, analyzing across all word categories is a
more conservative test of the explanatory power of rice.

Across all word categories, modernization and urbanization
explained less the 15% of the variance (Fig. 3). Rice explained
26.9%. For the hypothesized categories, rice explained 40.3% of
the variance, where modernization and urbanization remained
below 15%. In sum, historical farming explained more variation
in how people use words in China than modernization.

Are rice-wheat differences disappearing in modern China?. For
much of its history, China has been an agricultural society. But in
1997, China dropped below 50% employment in agriculture for
the first time in recorded history (World Bank, 2020b). Now that
most people in China are no longer farming, it raises the question
of whether rice-wheat differences are slowly disappearing over
time. If it is primarily the act of farming itself that causes rice
culture, then differences should be disappearing in China’s
modern cities. But if rice culture is embedded more deeply in the
culture—through socialization styles, institutions, schools, cul-
tural products—then rice culture may still be just as alive as ever
in cities like Shanghai.

We tested this idea using a simple method: we used China’s
city tier system to divide prefectures into China’s modern mega
cities (first-tier cities) versus smaller cities and rural areas (second
and third tier). For simplicity, we call this “urban” versus “rural,”
although any urban-rural division oversimplifies the continuum
from farmland to mega city. We then compared the absolute size
of rice-wheat differences in urban versus rural areas (using
standardized regression coefficients). We compared this for the
11 word categories that showed consistent rice-wheat differences
in the main analysis.

Out of 11 variables that showed consistent rice-wheat
differences in the main analysis, eight were actually larger in
urban areas than rural areas (Fig. 4). Three were larger in rural
areas. Two exceptions were thematically related: humans and
universalism. This could suggest that living in large cities pushes
people to consider others in broader terms, rather than in the
narrower terms of specific relationships. This fits with the fact
that people in big cities cross paths with hundreds or evenT
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thousands of people every day on sidewalks, subways, and
shopping malls.

Yet these two exceptions aside, the bulk of the evidence
suggested that rice-wheat differences are persisting, even in
China’s modern cities. If anything, the differences tended to be
larger in China’s most modern cities. This contradicts the idea
that historical legacies are disappearing in the modern world. But
it fits with the speculation that modernization in China is, in part,
bringing about an embrace of traditional cultural patterns (Bell,
2010). At the very least, the results strongly suggest that people do
not need to have threshed rice to inherit rice culture.

Rice predicts similar word patterns in Japan
Beyond statistically controlling for potential confounding vari-
ables, another way to test the robustness of an effect is to test it
again in a different country with a different language. Testing in
Japan allows us to more strongly rule out potential confounds in
China, such as the influence of herding populations in northern
China. Japan also presents an interesting test of whether rice
culture persists into the modern era, since Japan has been

modernized for longer. On GDP per capita, Japan caught up to
Western Europe in the 1970s, surpassed it in the 1980s, and has
been wealthier for the last 40 years (Talhelm, 2015).

Japan Twitter data. We analyzed 266 million terms from ~8.8
million tweets posted between 2014 and 2019, collected using the
Twitter API with a bounding box around the country of Japan.
We further geolocated them to the 47 Japanese prefectures by
looking for matches between each prefecture name and the
Twitter location field obtained from user profile information
based on prior work (Guntuku et al., 2019).

We then tested whether the 10 LIWC word categories related
to rice in China would also be related to rice farming in Japan.
Since LIWC is not available in Japanese, we used methods from
prior work to translate the word lists from Chinese and English
into Japanese (Shibata et al., 2016; Guntuku et al., 2019). This
method has been used in prior studies on social media across
cultures (Guntuku et al., 2019) and in spoken language in Japan
(Shibata et al., 2016).

Fig. 3 Rice explains more variance in word use than GDP and urbanization among hypothesized linguistic categories (top) and all LIWC word
categories (bottom). The top graph reports the average percentage of variance across provinces (R squared) that each variable explains for our
hypothesized LIWC word categories. However, testing just the word categories we hypothesized would be linked to rice could bias the results in favor of
rice. To address this potential for bias, the bottom graph tests across all LIWC word categories, regardless of whether we hypothesized about them or not.
Results from both analyses show that rice explains more regional variation in China than economic modernization (GDP per capita), urbanization
(measured by percent urban population), and the combination of GDP and urbanization (combined as Z scores).
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Rice in Japan. We measured rice using data on the percentage of
rice (稲) per planted area in Japan’s 47 prefectures (Ministry of
Agriculture, 2005). Japan’s prefectures are the size of many US
counties. The prefecture data goes back to 1975. It is reasonable to
expect smaller differences in Japan than China. This is because
prefecture rice varies in China from 0% to 95%. In Japan, rice
varies from 18% to 90%.2

Does 1975 data reflect historical farming patterns? Data from
larger regions going back to 1950 shows less than 3% variation
from 1950 to 2000. The 1975 data is also highly correlated with
environmental suitability for rice β= 0.78, P < 0.001. In other
words, this data seems to reflect deep historical patterns of rice
farming that are largely determined by environmental conditions
(Supplemental Section 16 provides more detail).

Control variables. As in China, we controlled for economic
development (GDP per capita), the percentage of urban residents,
and education (Table S6).

Results
Rice predicted word use in Japan similar to China (Table 9).
People in rice areas used language similarly to rice areas in China
in the three major categories of cognition, promotion orientation,
and self/groups. People in rice areas used fewer words related to
cognitive processes, large human groups, and self words. As in
China, the results in Japan were similar after controlling for
regional differences in education (Table S6).

However, there were a few differences from the results in
China. Rice areas in China used more assent words and non-
fluencies, but rice areas in Japan did not show these patterns. Like
China, rice-farming prefectures in Japan had fewer achievement
words, although the difference was marginally significant
(ß=−0.02, P= 0.055, rpref=−0.15). Finally, the difference
between “I” and “we” was larger in Japan than in China. In Japan,
prefectures with the most rice used significantly less “I”
(ß=−0.02, P= 0.025, rpref=−0.31) but the same amount of

“we” as prefectures with less rice (ß=−0.001, P= 0.950, rpref=
−0.11). As in China, rice prefectures used fewer pronouns in
general (ß=−0.02, P= 0.029, rprov=−0.28). This provides more
evidence for the idea that collectivistic areas drop pronouns more
frequently, even within the same language.

Discussion
Analysis of more than a billion terms on Weibo revealed different
patterns of language use in historically rice-farming parts of
China and Japan. These differences were independent of factors
like age, gender, economic development, and urbanization. The
large sample size gives high confidence that the differences are
reliable. What’s more, the rice-wheat differences replicated for
provinces and prefectures.

The rice-wheat differences fell into three broad categories:

1. Thought style: People in wheat-farming areas used more
words related to thought and logic, whereas people in rice
areas seemed to emphasize agreement (assent words) and
express more caution toward knowledge (such as fewer
certainty words and more non-fluencies).

2. Achievement and promotion: People in rice-farming areas
seemed to be more focused on prevention, whereas people
in wheat-farming areas expressed more optimism and
public striving.

3. Broad versus tight relationships: People in wheat areas used
more words linked to humanity and universalism than
people in rice areas, which fits with the idea that rice
farming involved tight social ties with people close to them
(Ang and Fredriksson, 2017; Talhelm and Oishi, 2018).

Rice-wheat differences remained when analyzing people from
Mandarin-speaking areas and when excluding Cantonese-
speaking areas. This matters because Cantonese is arguably the
most different written form of Chinese. However, it would be
illuminating if future studies can look for regional differences in
spoken Chinese, where dialects have more room for expression.

Fig. 4 Most rice-wheat differences are larger in urban areas (blue) than rural areas (red). The dots represent the effect size (regression coefficient) for
rice-wheat differences between urban areas (blue) or between rural areas (red). Regression coefficients are absolute values (ignoring positive or negative).
Differences were larger in urban areas for eight out of 11 variables. This contradicts the idea that rice-wheat differences are disappearing in modern
environments.
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Limitations. One major limitation of our data is that we do not
know what people mean if we simply count the words they use.
There is a telling illustration of this problem in a study of
preachers’ sermons. A team of researchers analyzed different
categories of morality words that preachers used in more con-
servative and more liberal churches in the US (Graham et al.,
2009). Conservatives tend to emphasize the role of authority
more than liberals, so the researchers expected that liberal
churches would use fewer words about authority. Yet authority
words were highly common sermons from Unitarians, one of the
most liberal churches.

However, when the researchers used human judgment to
understand how preachers were using these words, it was clear
that Unitarians were encouraging their followers to reject
authority. Ministers were exhorting their members to question
authority. Unitarians cared deeply about authority, but they cared
mostly about the harms of authority.

With our Weibo data, we can only say that people in rice-
farming regions are using certain words more or less. We cannot
know for sure whether they are endorsing these ideas or rejecting
these ideas. This fits with a common disclaimer on Twitter:
“Retweets do not equal endorsement.” The external validity tests
we ran suggest these word counts are tapping into the right
constructs (Table 2), but word counts have limitations.

Another limitation of Weibo data is censorship. Researchers
have documented censorship of particular words on Weibo
(Chen et al., 2013). In response, Weibo users sometimes use
similar-sounding words to evade censorship (Chen et al., 2013).
This could distort the words people use and create noise in the
word categories. However, we did not analyze political topics,
which should limit the effect of censorship. Also, the fact that
many patterns replicated in Japan’s Twitter data suggests that the
relationships between rice and word use are reliable.

Farming legacies alive in modern China. The fact that this study
took place on Weibo is an important contextual detail. Weibo
might be the last place to expect to find cultural differences rooted
in farming legacies since Weibo is modern. Its users are younger
and more educated than the broader population (Koetse, 2015).
Yet even among this modern, smartphone generation, word use
maps onto ancient patterns of rice farming.

It may be surprising that historical rice farming explained more
variation in word use than urban-rural differences and economic

development. When comparing word use across all LIWC categories
—not just the categories theoretically linked to rice—rice explained
more variation than urbanization and modernization. This is
unexpected because economic development and the urban-rural
divide are much more popular explanations of regional differences
in China (Wu, 1996; Ralston et al., 1999; Cai et al., 2012).

It is logical to think that rice farming could affect rice farmers
themselves, but these differences should be fading over time, as
China modernizes and fewer people farm. Yet on average, differences
were stronger among the people most removed from farming—
people in China’s largest cities like Shanghai and Beijing. If verified
in other samples, this finding raises the intriguing possibility that
modernization is magnifying historical cultural legacies.

Data availability
The data for all regional variables are provided with this paper in
the Open Science Framework3 and upon request from the cor-
responding authors.
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Notes
1 The LIWC dictionary titles this category “tentative.” However, we think this title gives
readers a misleading picture of the behaviors linked to it. Self-expression and
participation are the opposite of “tentative.” We submit that the title “possibility and
openness” sticks more closely to behaviors this category correlates with.

2 The Tokyo urban area has less rice. However, given the Tokyo area’s high
environmental suitability for rice, it likely farmed more rice historically. The outlying
island of Okinawa also farms less rice.

3 https://osf.io/mg39f/?view_only=2b6ec72006844ef3aaeafb37255b38c6
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