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This paper proposes a textual analytics approach to the discovery of trends and variations in
social development. Specifically, we have designed a linguistic index that measures the
marked usage of gendered modifiers in the Chinese language; this predicts the degree of
occupational gender segregation by identifying the unbalanced distribution of males and
females across occupations. The effectiveness of the linguistic index in modelling occupa-
tional gender segregation was confirmed through survey responses from 244 participants,
covering 63 occupations listed in the Holland Occupational Codes. The index was then
applied to explore the trends and variations of gender equality in occupation, drawing on an
extensive digital collection of materials published by the largest newspaper group in China for
both longitudinal (from 1946 to 2018) and synchronic (from 31 provincial-level administrative
divisions) data. This quantitative study shows that (1) the use of gendered language has
weakened over time, indicating a decline in occupational gender stereotyping; (2) con-
servative genres have shown higher degrees of gendered language use; (3) culturally con-
servative, demographically stable, or geographically remote regions have higher degrees of
gendered language use. These findings are discussed with consideration of historical, cultural,
social, psychological, and geographical factors. While the existing literature on gendered
language has been an important and useful tool for reading a text in the context of digital
humanities, an innovative textual analytics approach, as shown in this paper, can prove to be
a crucial indicator of historical trends and variations in social development.
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Introduction

ccupational gender segregation refers to the tendency of

men and women to work in different professions

(Blackburn et al., 2002). It is an important demographic
issue for industrialised societies (Watts, 1998) and a key source of
social inequality (Charles and Grusky, 2004). Previous studies
have attempted to attribute this inequality to aptitudes differences
between the sexes. This can been seen in (Baker and Cornelson,
2018) which claims that males” higher tolerance for noise is the
reason for their disproportionately higher levels of employment
in noisy occupations. However, such simplistic rationale have
been viewed as inadequate by many scholars. Recent studies have
focused on relevant socioeconomic, institutional, educational, and
cultural barriers to employment for females, such as gender-
specific socialisation, the delegation of family responsibilities, and
discrimination acts in regulations or at the workplace (Cutillo and
Centra, 2017; Sanchez et al., 2017; Stoet and Geary, 2018;
Verniers and Vala, 2018). Furthermore, as researched by Garn-
ham et al. (2015), there is compelling evidence to indicate that a
strong correlation between perceived occupational gender dis-
tributions and the actual ratios might exist. The perception, or
assumption, of occupational gender distributions leads to biased
associations, or in other words, an ‘automatic stereotyping’
(Banaji and Hardin, 1996). This stereotyping can be operated
through a spontaneous reflection of cognitive expectancy (Kunda
and Oleson, 1997; Yzerbyt et al., 1999), the adaptation to moti-
vational and interpersonal communication goals, or the con-
sideration of interpersonal context and interaction between
individuals (Beukeboom, 2014). In other words, the ‘women’s
work-men’s work’ phenomenon is perpetuated by gender typing
in language, which consequently affects the occupational aspira-
tions of both men and women, their entry into an occupation,
and their treatment and advancement within an organisation
(Reskin and Hartmann, 1986; Ruble, 1983).

The reliance on linguistic gender for the study of gender typing
faces two potential challenges. First, as linguistic genders are
grammaticalized, it is difficult to ascertain if and to what extent
the established convention leads to conceptual gender typing or
vice versa. In other words, this research topic faces the challenge
of Galton’s problem (e.g. Naroll, 1961; Roberts and Winters,
2013) in not being able to rule out the conventionalised depen-
dencies from the environmental dependencies that the study aims
to prove. Second, it is not clear what linguistic features are
effective cues for a language, such as Chinese, without gramma-
tical genders. To solve Galton’s problem, we follow the approach
of (Huang et al., 2021). That is, we recognise that each important
issue in the humanities and social sciences must be viewed in, and
cannot be disassociated from, its sociocultural context. Hence,
instead of trying, in vain, to disassociate the sociocultural contexts
and render the issues and answers irrelevant, we conduct several
studies in different sociocultural contexts. When the same
dependency is attested in different sociocultural contexts, we can
then prove the dependency confidently, regardless of the context.

To address linguistic cues in a language without linguistic
gender, we rely on the observation of (Blum, 1997) that the
naming has a very special social function in Chinese. Blum argued
that naming terms are used to establish and maintain social
hierarchy as well as to ‘give face’. As a consequence, pronouns are
not typically used to refer to people in Chinese. Instead, people
are usually (and often socially required to be) referred to by a
combination of their occupation or social role and their proper
name. Given that Chinese is a genderless language, this socio-
linguistic construct of naming offers a set of direct, and poten-
tially richer, data for gendered language use. Based on the concept
of markedness, gender typing can be attested when the use
of gender modifiers are not balanced between two genders.

2

The overuse of overt marking of a particular gender before an
occupational term suggests that this gender is marked and that
the occupation is gender-typed to be the opposite sex. Namely, an
occupation stereotyped to be male-dominant will require an
explicit and marked feminine modifier, such as the character
2 nli’ (female) (see Farris, 1988). For instance, the expression

S5 “nti zOngtdng’ (female president) is common in Chinese,
while 5 547 ‘ndn zOngtong’ (male president) was not attested.
Conversely, B {# 4} ‘ndn miomi’ (male nanny) is well attested
but ZZ{£1# ‘nli mdomi’ (female nanny) is rare, indicating the
gender typing of nannies as female. Gender marking may also
imply specific cultural biases, such as ZF|H] ‘nii ST (female
driver) which concretises the perception of a female driver as less
competent than a male driver. Another example is
21+ “nli béshi’ (female doctor), which connotes an image of
leftover women with marriage anxiety under the traditional dis-
course of marriage as a life goal for women. In Chinese, these
marked uses of gender modifiers (especially for females) can be
considered as another instantiation of ‘masculine generics’
(Stahlberg et al., 2007).

It should be noted that the usage of such marked gender
expressions is so pervasive that it has led to an ongoing debate
among scholars. Some scholars argue that the usage of feminine
forms makes women more visible, while others argue that it goes
against the advocacy of gender-fair language (GFL) and that the
use of such terms ‘undervalues female versions’ by implying that
terms without gender marking are male (Sendén et al., 2016).

Lastly, regional variations are another important factor
underlining the issue of occupational gender segregation and
gendered language. Eckert and McConnell-Ginet (1992) showed
that language and gender practices are community-based, and
hence community-to-community variations are to be expected.
Although such variations are commonly observed in demo-
graphic studies and can be clearly seen when comparing national
data, little systematic text-based analysis has been conducted to
show the regional variations of gender typing.

In this paper, we adopt a textual data-driven approach to study
gender typing in a language without gender. Grounded in the
theory of markedness in linguistics, we interpret our data as
follows: if a feminine modifier is used before an occupational
term, the occupation is stereotyped to be more appropriate for
male (or male-oriented); if a masculine modifier is used, the
occupation is stereotyped to be more appropriate for female (or
female-oriented). The level of gender markedness of occupational
terms will be calculated with a proposed linguistic index (see Eq.
(3)). A quantitative analysis was conducted to measure the gender
markedness of 63 occupations listed in the Holland Code, using
the linguistic index on a multi-domain corpora. To overcome the
Galton problem, the results of the quantitative analysis have been
confirmed through a correlation analysis with the results of a
questionnaire, administered to 244 participants, measuring gen-
der stereotyping of the listed occupations. Then, using Eq. (3), we
have explored the synchronic (regional and generic) variations of
occupational gender markedness and trends of social change,
drawing from an extensive digital collection of national-level and
provincial-level newspapers published in China from 1946 to
2018. The coverage of a wide range of diachronic data as well as
geographical and cultural variations is another design feature to
overcome the Galton problem and also to tackle the unaddressed
issue of regional variations.

Related work
At the lexical level, gender typing can be reflected in the marked
use of occupational terms, as the grammatical gender assigned to
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the nouns. Prewitt-Freilino et al. (2012), among others, investi-
gated the relationship between the gendering of languages and
gender qualities by looking into the linguistic genders of occu-
pational terms across 111 countries. Liben et al. (2002) showed
that children interpret occupational terms as gender-embedded.
In addition to grammatical gender, gender typing can also be
achieved through the marked use of gender terms combined with
occupational titles.

From a cross-linguistic perspective, researchers have looked
into the correlation between occupational gender markedness in
language and stereotyping in psychology through sentence eva-
luation paradigms (Gygax et al., 2008), eye-tracking studies
(Irmen and Roflberg, 2004), and role noun priming (Cacciari and
Padovani, 2007). The level of gender inequality is revealed to be
closely linked to the gender markedness of that language
(Garnham et al,, 2016; Pacheco, 2018; Prewitt-Freilino et al.,
2012). Horvath et al. (2016) examined the implication of the
masculine form, or feminine-masculine pairs, in the gender-
typing of occupations. They found that word pairs are conducive
to avoiding a male bias and therefore make women more visible
but also lower salary estimates of typically feminine professions.
Gaucher et al. (2011) showed that gendered wording is found in
job advertisements, especially in male-dominated areas, which
contributes to the perpetuation of gender divisions.

Due to the close connection between language markedness,
bias, and actual distribution, corpus data proves to be an
important source for investigating the changes and tensions
regarding gender stereotyping and social change. This can be seen
by the growing presentation of females and the efforts being made
to promote gender-fair language (Macalister, 2011; Norberg,
2016), while at the same time there is still the existence of gender
bias with male terms as the pseudo-generics and norms (notably
higher frequencies) (Holmes, 2001; Moser and Masterson, 2014).
Baker’s English-based collection presents the diverse corpus
research on analysing gender-related linguistic issues such as the
comparison of male and female speeches in the British National
Corpus (BNC), the particular form of expressing disagreement for
female scholars, the frequencies of gendered pairs such as man/
woman and wife/husband, and the collocation patterns for ‘boy’
and ‘girl’ (Baker, 2014).

In sociology, there are a number of indices for the measure-
ment of gender segregation. One of the most frequently used
measures is the ‘Index of Dissimilarity’ (D) proposed by Duncan
and Duncan (1955). A possible formula for calculating D is
presented in Eq. (1). M represents the total number of males in
employment; M; is the number of males in occupation i F is the
total number of females in employment; F; is the number of
females in occupation (Blackburn et al., 1993; Emerek et al,
2002). This index has been widely used in the analysis of occu-
pational gender segregation (Gross, 1968). However, the Index of
Dissimilarity is not without problems. As Preston (1999) high-
lighted, the change in the size of an occupation with gender
imbalances will affect the index even when the gender composi-
tion of all occupations remains the same. Other measurements
have also been proposed such as the Moir and Selby-Smith
segregation indicator (MSS), also called WE Index (Moir and
Smith, 1979), Karmel and MacLachlan Index (IP) (Watts, 1995),
and the Index of Segregation that is calculated according to the
method of marginal matching (Blackburn et al., 1993).

1 n
D=EZ |M;/M — F,/F|x 100 (1)
i=1

Sociological methods capture the statistical distribution of
occupational segregation across nations and time. However, one
important element that the above indices do not incorporate is
the differentiation between gender and sex, which this study

intends to address. Sociological measurements evaluate gender
segregation by calculating the disproportionate distribution of
males and females, and the demographic, physical, and binary
divisions that are in fact more related to sex, a term that
emphasises the biological dimensions of being man or woman.
The notion of gender is related to the social construction of ‘what
it means to behave like a man or woman’ (Parrillo, 2008), which
is closely connected to the cultural beliefs, assumptions, and
expectations concerning the social roles of men and women. Such
conceptual considerations are another important aspect of
occupational gender segregation, which concerns gender typing
and gendered language use. While there are both qualitative and
quantitative studies employing questionnaires or experiments in
researching this issue, a data analytics model, or measure, is still
needed; this might enable researchers to investigate the issue on a
larger scale and facilitate a compare and contrast of results from
different studies in revealing the potential historical, regional,
cultural, and linguistic differences.

Studies in digital humanities, especially those embracing a data
analytics approach, are also highly relevant for the current
research. Berry’s two waves of digital humanities describe the
advancement as transforming from providing ‘a technical sup-
port’ to conventional humanities research to interacting with
texts that are ‘born digital’ and their associated digital cultures
(Berry, 2012). Digital techniques such as stylometry, topic mod-
elling, literary mapping, historical bibliometrics, corpus linguistic
techniques, and sequence alignment have facilitated analyses of
huge quantities of texts and even multimodal data. Yet, debates
on the role and purpose of digital humanities persist. We believe
that the answer can be found following Wilhelm Dilthey’s
‘human sciences’ (Makkreel, 2016; Makkreel and Rodi, 1990).
That is, as a discipline, the humanities is defined by issues that it
is concerned with rather than by certain (discipline-specific)
research tools. Given the complexity of all the issues the huma-
nities is concerned with, it is necessary to integrate all available
tools and knowledge from various disciplines and to form
synergetic views, with a humanistic perspective and some spec-
ulations if needed. This is precisely the approach taken in a series
of studies researching the interaction of meteorological events,
people, and their languages (Huang et al, 2021). Similar
approaches have been taken by various recent studies, such as the
use of Google N-gram to study social developments and cultural/
linguistic variations by Juola (2013) and Li et al. (2020); the
application of a linked data approach to cultural heritage material
for the discovery of gender properties of (in particular, female)
jazz artists by Pattuelli et al. (2017); and the machine learning-
based analysis of large-scale newspaper data to uncover incon-
sistent coverage of female and male politicians as evidence of
social gender bias (Leavy, 2018). In line with this vision, we
developed an innovative approach that is both longitudinal and
cross-sectional, covering features of historical trends, and generic
and regional variations based on large-scale diversified corpora.

Methodology

We adopted the Holland Codes, with a total of 63 categories of
occupations (Holland, 1959), in the questionnaire and the later
quantitative analysis'. In Holland’s theory of career interests, six
personality types were identified, usually referred to by their
initials as RIASEC, the descriptions of which are shown below:

e Realistic (R)—practical, physical, hands-on, mechanically
inclined

e Investigative (I)—analytical, intellectual, scientific, explorative

Artistic (A)—creative, original, independent, expressive

e Social (S)—cooperative, supporting, helping, healing/
nurturing
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Fig. 1 The age and gender distributions of the participants. The centre
circle indicates the distribution of male and female participants. The outer
ring indicates the distribution of different age groups.

e Enterprising (E)—competitive environments, leadership,
persuading, administer over

e Conventional (C)—detail-oriented, organising, clerical,
structured

Grounded in the RIASEC model, the Holland Codes, or the
Holland Occupational Themes, were developed for the classifi-
cation of occupations. Holland’s typology and the subsequently
developed career interest assessments and inventories have
dominated the field of career planning and counselling
throughout the past decades. Notably, Holland’s Self-Directed
Search (SDS) has been translated into more than 30 languages
(Bullock et al., 2009). The Chinese version of SDS has been widely
used across higher education institutions in mainland China as
the major tool for examination of students’ occupational choices
since it was first translated and introduced in the 1990s (Long and
Peng, 2000; Long et al., 1996). Its dominant status in occupation
planning provides the rationale for choosing the Holland Codes
for the classification of occupations in the present study.

The possible gender stereotyping of the 63 occupations was
investigated through a questionnaire. As the questionnaire was
primarily intended to measure the matching between the gen-
dered perception of occupations and the gendered use of occu-
pational terms, rather than functioning a wide-ranging social
survey, the convenience sampling approach was used for the
selection of the participants. The participants consisted of 244
people (151 males, 93 females), with a balance of different age and
gender groups. The age and gender distributions of the partici-
pants are presented in Fig. 1.

The questionnaire was designed based on Likert scale 5-point
response anchors. The participants’ task was to decide to what extent
each occupation is more appropriate for males (1 point) or females
(5 point), with 3 in the middle. The scores of Cronbach’s alpha tests
were >0.9, indicating the high reliability of the questionnaire. Table 1
presents the results of different participant groups®. Overall, no
significant difference was shown among the participant groups in
their gender associations for the different occupations (M = 3.15,
SD = 0.89). Nevertheless, the number of occupations that are con-
sidered to be ‘male jobs’ are slightly more than ‘female jobs’. The
only major difference between male and female participants exists in
the four artistic occupations, namely, artist, cartoonist, painter, and
writer. Specifically, the male group identified men as more suitable
for these four occupations, whereas the female group considered
women to be more suitable. Within the different age groups, the
gendered orientation is slightly higher among participants over 30
years of age, compared to those aged under 30.

Grounded in the aforementioned gender markedness theory,
with the use of a masculine/feminine modifier before each

Table 1 Comparisons of different participant groups in
gender-occupation perception.

M ) SEM t value p (two tails)
Male 317 1.00 0.04 0.96 0.34
Female 314 0.82 0.02
Age >30 3.20 0.96 0.03 —-1.41 0.16
Age <=30 314 0.87 0.02
Total 3.15 0.89 0.02

occupational term as the key indicator, we proposed a novel
equation to measure the degree of gender segregation (DGS). TF,,
in Eq. (2) is the term frequency of an occupation with a masculine
mark (e.g. FHE A ‘ndn yishéng’ male doctor) and TF is the term
frequency of an occupation with a feminine mark (e.g.
Z2E A nil yisheng’ female doctor).
aTF{
TF, + TF;

In this generalised form of DGS, k and b are parameters for
scaling. To enable a comparison between the questionnaire results
and the quantitative analysis on gendered occupation, i.e., results
calculated with DGS, k and b were set to 4 and 1, respectively,
conforming to the 5-point Likert scale in the current study. & and
v represent the external scale factors that contribute to the gen-
dered use of occupational terms, such as the overall gender dis-
tribution in a society and the vertical segregation within
occupations or sectors (Blackburn et al., 2001); these should be
separately identified and measured, and were set as 1 in this
study. With this parameter setting, it was anticipated that the
index would serve as a measure of the horizontal dimensions of
occupational segregation by identifying the extent of gender-
dominance of occupations (GO). Therefore, the index can be
further represented as

DGS = kx @)

GO_4XTFm+TFf+1 (3)

We calculated the GO value of the multi-domain subcorpora of
the BCC Corpus3. A Pearson correlation analysis (see Table 2)
showed a significant positive correlation between the ques-
tionnaire results (cognitive gender segregation) and the quanti-
tative gender segregation calculated from Eq. (3), indicating that
the markedness calculated by the GO value can act as an effective
quantitative measure of conceptual occupation segregation by
gender reflected in language use.

To understand the distribution of GO values upon different
occupations, the GO index for each occupation was further
evaluated. The index shows the proportion of feminine marked-
ness to the total gender markedness. Therefore, if the frequencies
of masculine and feminine markedness were identical, the GO
index would equal 3 (i.e., in the middle of [1, 5]). If an occupation
was either male-dominant or female-dominant, the index would
be greater or smaller than 3. However, it should be noted that
almost all the GOs are larger than 3. This can be explained in two
ways. As Greenberg (1966) pointed out, markedness is not an
absolute binary but a scalar concept from most marked to least
marked. Alternatively, when considering a language moulded by its
long history of patriarchal hegemony, the over-representation of
the feminine-marked ‘female job’ can also serve to stereotype the
vertical segregation. For example, ‘female nurse’ stereotypes the
position of female workers as a position of lesser value within
the medical profession. This ideological connotation is shaped by
the external factors denoted by the parameter o and v in Eq. (2).
Nevertheless, GO can still show variation tendency of gender
segregation with the simplified « and v.
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Table 2 Pearson correlations between cognitive gender segregation and quantitative gender segregation.

Cognitive gender segregation

Quantitative gender segregation

Cognitive gender segregation Pearson Correlation 0.312"
Sig. (2-tailed) 0.013
N 63 63
Quantitative gender segregation Pearson Correlation 0312 1
Sig. (2-tailed) 0.013
N 63 63
*p<0.05.
o
200.0 + 200.0 — Bl
100.0 1000 :
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Fig. 2 Relative segregation of female- and male-dominant occupations.
The left plot shows the TFi/TF,, of the top 10 female-dominant
occupations. The right plot shows the TF;/TF,, of the top 10 male-dominant
occupations.

Figure 2 presents the relative segregation of occupations, cal-
culated by TF/TF,, (the main part in Eq. (3) without scaling
parameters). The left plot in the figure shows the TF¢/TF,, of the
top 10 female-dominant occupations from our questionnaire. The
right plot contains the results of the top 10 male-dominant
occupations. Figure 3 describes the combined results for all six
Holland categories. Researchers have claimed that gender differ-
ences in Holland personality types and vocational interests are
visible (Su et al., 2009). For example, there are more males in
Realistic and Investigative categories, and more women in
Artistic, Social, and Conventional types. Evidenced in Figs. 2 and
3, the ratios of TF; to TF,, generated by male-dominant occu-
pations are higher than those of female-dominant occupations®.
This result confirms the validity of the proposed equation.

In what follows, we investigated the diachronic changes and
generic as well as regional variations of occupational gender
segregation based on the linguistic index. Our diachronic study
covers 72 years (1946-2018), based on a corpus of People’s Daily,
the largest and most read newspaper in China. For genre differ-
ences, we examined the four sub-corpora of the BCC Corpus:
literature, newspaper, microblog, and technology. Our study of
regional variations is based on newspapers published in 2018
from 31 provincial-level administrative divisions in China®. It
should be noted that newspapers from Hong Kong, Macau, and
Taiwan are not included because of their orthographic and lexical
differences, as well as their attested variations in grammatical

Fig. 3 Segregation on the six Holland categories. The plots indicate the
TF¢/TF,, calculated for each of the six Holland categories.

features (Xu et al., 2020) and textual features (Hou and Huang,
2020), which hinders a direct comparison of degrees of gender
segregation.

Results

Historical trends. The GO value for each year in the designated
period was calculated based on Eq. (3). Figure 4 shows the dia-
chronic distribution of occupational gender markedness over the
past 70 years. From Fig. 4 it can be seen that the overall tendency
of gender marking has slightly declined over time with an overall
level of stability, though also exhibiting some year-to-year fluc-
tuations. This result provides corpus evidence to support the
finding of (Popp et al., 2003) that ‘gender stereotypes have wea-
kened over time’. However, the fluctuations also reflect the
instability and tensions of the pursuit of gender quality in pro-
filing occupations. The changes seen in gender markedness reflect
and might also be influenced by the social, economic, and dis-
cursive transformations that have taken place during the exam-
ined time period.

From the establishment of the People’s Republic of China in
1949 to near the beginning of the Cultural Revolution in 1966, as
presented in Fig. 4, the level of markedness slightly decreased,
which reflects the entrance of the females into the workplace.
During that period, the state’s strong control on labour allocation
drove women into the workforce. Most urban women had wage
labour organised by the state, in factories or businesses, while
rural women worked in the labour service of people’s communes
(Wang, 1999). At that time, the ‘liberation’ discourse was
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Fig. 4 Diachronic distribution of occupational gender markedness in the corpus of People’s Daily (1946-2018). The vertical axis indicates the range of
the GO values (between 1 and 5). The horizontal axis indicates the period of time (by year).

constructed to say that women’s socialist liberation could only be
achieved through participation in production, with the term
‘housewife’ becoming ‘a scorned urban social category and
increasingly a historic relic’ (Zheng, 2003). The motto
G RETIYA K (Women hold up half the sky) became
widely popular. A significant rise of gender marking can be
observed around the beginning of the Culture Evolution in 1966,
which might be explained by the breakdown of state labour
organisations and the economy.

Between the 1970s and 1980s, minor and slow upturns of
gender marking were accompanied by relatively steep drops,
especially after the reform and opening-up in 1978. The slim
growth in gender marking might be related to the changes in
economic organisation as well as social conceptions of the time.
With the new labour market developing in China, and as the
state was weakening its control on organising jobs, the gender
bias in education and recruitment became more evident,
widening the income gap and increasing gender segregation of
occupations (Cooke, 2004). Moreover, passing through great
social and economic disturbances, people overthrew the liberal-
isation discourse, considering the previous gender employment
policies to be as ‘a relic of Maoist egalitarianism’ and an
impediment to economic growth. Consequently, the discourse of
and campaigns for ‘women return home’ and gender differentia-
tion gained public support. However, in the early 1990s, feminist
voices revitalised the ideology of female liberation and employ-
ment in the proposal raised by the Women’s Federation (Zheng,
2003). Since then, policies have also been implemented to
counter gender discrimination in the workforce. Notably, in
1990, Regulations of Prohibited Types of Occupational Posts for
Female Employees was put forward, and in 1992, The PRC Law
on Protecting Women’s Rights and Interests was created. This
time period shows the lowest point of gender markedness, as can
be seen in Fig. 4, reflecting the drastic social transformations of
occupations and gender and the strong influence of state policy
at the time.

The sharp growth of the GO values after 1992 might be indicative
of another crucial social change that occurred during the period with
the restructuring of state-owned and collective-owned enterprises.
As the state withdrew its power in labour allocation, massive layoffs
occurred due to redundancies that were identified as a result of
restructuring; gender inequality surfaced. After the mid-1990s,
62.8% of those laid-off workers were women (Zheng, 2003).
Moreover, as revealed by a survey of over 200 women cadres in
governmental organisations in Zhejiang Province in 1997, men and
women differed considerably in their weighing of career and family
life (Wang, 1999). Women at that time tended to prioritise family
interests over their careers, demonstrating the persistence of the
sociocultural expectations for gendered social roles.

6

GO Value

Literature

Technology

Newspaper Microblog

Fig. 5 Distributions and means of occupational gender markedness for
the four text genres. The dots on the left display the distributions of GO values
for the four genres. The table on the right displays the means of GO values.

As the above analysis shows, the pursuit for gender equality in
occupations was full of tensions. The process of social change in
China is wrought with different push and pull forces through
policy support, persisting gender discrimination, economic and
political disturbances and development, the perceived social roles
and family values, and changes in public discourses. When
entering into language use, those changes might reflect on the
profiling of occupations, and at the lexical level, the markedness
of different professions.

Genres. Figure 5 shows both the distributions and means of
occupational gender marking encoded in different genres. The
genre of microblog has the lowest value of gender marking, lit-
erature the highest, and technology and newspaper in the middle.
The differences in occupational gender markedness among the
genres match the varied speed of change across genres from the
perspective of linguistic conservatism. In linguistics, a con-
servative form or variety is one that has changed relatively little
over its history, or which is relatively resistant to change. It has
been noticed that written varieties change more slowly than
spoken varieties (Fromkin et al., 2010). In other words, writing
tends to be more conservative and stylistically fixed than speech.

Putting the four text genres in the ‘oral-literate’ continuum
(Biber and Finegan, 2001), microblog, as the most colloquial
among the four, shows the lowest level of markedness, most
strongly reflecting the overall weakening trend of gender
segregation. In contrast, literature, as one of most typically
written forms, lags behind spoken genres in language develop-
ment and shows the highest level of gender markedness. It is easy
to understand that the language used in technical articles tends to
be more innovative, when compared to other types of writing, as
one linguistic feature of scientific writing is its technicality
(Fang, 2005) which urges rapid language change in alignment
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with the fast development of technology. Therefore, these findings
might offer support for a connection to be built between gender
markedness and linguistic conservatism.

Regions. The GO values for 31 regions in China were calculated.
Figure 6 shows the geographic distribution of gender segregation
(the GO value), with darker colours showing a higher degree of
segregation. It is noted that the provinces with relatively low
gender segregation usually have massive flows of inter-provincial
migration and rich cultural integration. Yet the provinces with
higher gender segregation are usually located in remote regions
and have their own ethnic cultures, which might suggest a link
between the degree of gender segregation and the scale of
immigration and language contact.

Figure 7 shows two main inter-provincial migration flows in
different historical periods in China. Heilongjiang province, the
northernmost province in China, has experienced at least two

great waves of immigration in its history. Since the second half of
the 19th century, during the hundred-\é'ear period, mass Han®
migration started to flow into Manchuria’. This event is known as
‘Chuang Guandong’ (literally ‘crashing into Guandong’); Guan-
dong is a traditional name of Manchuria. It is the largest inter-
province migration activity since the Qing Dynasty, and a well-
known historical event (Lu, 1987). Another influential migration
flow to Heilongjiang occurred in 1955, with the availability of
land and the support of the state policy of ‘develop the Great
Northern Wilderness’, which attracted settlers from other
provinces. Between the years 1955 and 1974, Heilongjiang
received the highest proportion of inter-provincial migrants
among all of the Chinese provinces (Liang and White, 1996).
After China’s reform and opening-up in 1979, a tremendous
amount of internal migration from inland to the coastal provinces
(e.g. Guangdong and Zhejiang) was observed, mostly in pursuit of
better job opportunities. These migration flows caused dramatic
changes in the culture and language of the receiving regions. As a

| (2021)8:133 | https://doi.org/10.1057/541599-021-00799-6 7



ARTICLE

result, cultural integration and language contact might have
accelerated the developmental process of the regional varieties of
a language; a correlation between higher degrees of linguistic
innovation and lower GO values can be seen, such as in the cases
of Heilongjiang and Zhejiang (the lowest compared to the other
provinces).

It is believed by some scholars that the contact between
varieties of language caused by migration leads to innovations
(Manning, 2005). For example, Bowern (2010) noticed that highly
mobile societies, such as pastoralist or nomadic ones, exhibit
different patterns of variant propagation than dense, sedentary
societies. Observation suggests that higher rates of exogamy may
lead to greater community-internal linguistic diversity and
therefore greater variation and change. A theory seeking to
explain this phenomenon was developed by Trudgill (1986). His
account of dialect-contact driven language change pairs accom-
modation with social network-based reasoning regarding fre-
quency. Granovetter (1973, 1983) further explained that the
diffusion of linguistic innovations is mediated by weak social ties
and resisted in networks with strong social ties.

As for the provinces that show the highest gender segregation,
we can see from Fig. 6 that they are mainly concentrated in the
remote and minority regions of China. The provinces of Xinjiang,
Tibet, and Inner Mongolia are listed as minority autonomous
regions in China. Guizhou and Yunan are also the provinces with
a large population of minorities, while all other provinces in
China have a Han majority. These provinces have also had
influxes of Han populations across the years, notably, Xinjiang;
however, with their geographically remote locations and cultu-
rally distinct features, these minority regions might show stronger
levels of conservatism in their linguistic varieties, resulting in high
GO values. Some linguists propose that the languages in a
peripheral position keep most of the archaisms (Manczak, 1988),
while others propose that languages in the central position have
more archaic features. If the link between gender segregation and
linguistic conservatism stands, the current finding would support
the view that languages in remote areas are more conservative.
Geographical isolation and cultural seclusion might impact
regional locations causing change at a relatively slower rate.

Discussion
In this paper, we designed an innovative method of digital huma-
nities research to discover social development trends. We proposed
and implemented a data analytics-based approach that measures
gender segregation in occupations in a language without gender;
specifically, we developed a new linguistic index that is grounded in
gender markedness theory and has been validated using a ques-
tionnaire survey. By leveraging the relations establishing function of
naming in Chinese, we developed a gender modification-based
markedness scale to uncover gender typing in a genderless language.
Since these terms are conceptual and not conventionalised by
grammar, we expect that our approach will be just as effective when
applied to languages with grammatical gender. Furthermore, by
sampling newspaper data from the past 70 years and from a wide
range of locations in China, we were able to conduct both long-
itudinal and cross-sectional studies with the same data analytics
methodology. Consequently, we have been able to reach a com-
prehensive overview of occupational gender segregation and gen-
dered language use covering generic differences, regional variations,
and historical changes. By considering both changes and variations,
we gained a deeper understanding of how different factors interact
and contribute to our current state.

In addition to validating the versatility and power of our inno-
vative data analytic approach based on diachronic and synchronic
corpus data, we also uncovered the complex and competing forces

8

behind gendered language and occupational gender segregation. As
can be seen with the general trend, we showed that China has
steadily achieved a higher level of gender equality over the past 70
years, and that different geographic regions progressed at different
paces. It can be reasonably concluded that the decrease in the use of
gendered language reflects social change in the Chinese context,
which has been guided by explicit policy as well as economic
development. However, we also observed that the shift over the past
70 years did not form a single smooth curve. Instead, the line is
jagged with several high and low points. With this observation, we
believe that our study has revealed the tension of competing agents
for change (and for inertia). By studying chronological as well as
regional details of the jagged portions of the development lines, we
present a more in-depth understanding of the competing forces
behind the development of gender equality and the breaking down
of occupational gender segregation in China.

We also established the genre-dependency of gendered lan-
guage. We demonstrated that new media and new genres of web-
based language contributed greatly to the reduction of gendered
language, whereas formal genres are more conservative and
resistant to changes for gender fairness. We suspect that different
professions (i.e., language for specific purposes) will also show
different trends. This is another area and set of data worthy of
future research.

One of the most interesting findings of this paper is the
correlation between gender equality and sociocultural changes.
We established that there is a range of differences among the
varieties of the same language. Trends of gendered use do not
dovetail with the distribution of different language varieties.
Instead, what we found was that the regions with high popu-
lation mobility and heterogeneous cultural backgrounds, such
as Zhejiang and Heilongjiang, showed the lowest level of
gendered language usage. Moreover, we also discovered that
the most homogeneous region, in terms of language and cul-
ture, is not necessarily the most conservative. The most con-
servative regions are in fact those with two strong competing
cultures or communities. This provides a possible rebuttal of
the hypothesis that immigrant populations are always more
conservative. In fact, they are more conservative when they are
challenged by another strong culture and have to self-preserve.
In other words, new environments do lead to innovations,
unless the new environment is too unaccommodating such that
it forces the speakers to become defensive and ultimately more
conservative.

In conclusion, our research has shown that a data analytics-
based digital humanities approach can be applied to the study
of historical trends and variations in social development. Using
the linguistic index, longitudinal analysis reveals the social
changes and trends in gender equality in occupational settings
in China over the past 70 years. The variations in gender
markedness in a genderless language, measured by our
approach, reflect the complex interaction between cognitive,
linguistic, and social changes of occupational gender segrega-
tion. It is our hope that this approach can be extended to
research on other languages and that the results of this study
can contribute to the broader field of occupational gender
segregation, complementing the demographic-based measure-
ments in sociology and reflecting the changes occurring in
language use.

Data availability

The questionnaire and corpus data are not publicly available due
to copyright protection and confidential reasons. The ques-
tionnaire data can be made available by the corresponding author
in anonymised form on reasonable request.
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Notes

1 R: masseur, tailor, cook, worker, cosmetician, machine repairman, barber, cleaner,
racer, killer, driver, bartender; I: forensic, pilot, engineer, captain, scientist,
veterinarian, doctor, horticulturist; A: translator, writer, singer, gardener, painter,
journalist, architect, agent, cartoonist, model, magician, designer, dancer1(), dancer2(),
artist, musician, presenter, actor/actress; S: security guard, nurse, coach, teacher, police
officer, soldier, SWAT, firefighter, athlete; E: CEO, purchasing agent, ambassador, tour
guide, shop assistant, judge, lawyer, businessman, sales clerk, diplomat; C: bank teller,
attendant, administrator, accountant, salesman, postman.

The quantitative results of this study were calculated using R.

http://bee.blcu.edu.cn/

The Y-axis has been log scaled since the number of gendered markedness with
occupations vary widely.

Chonggqing Daily (Chongqing) 64.4MB; QianJiang Evening News (Zhejiang) 67.2MB;
Yunnan Daily (Yunnan) 59.4MB; Xinjiang Daily (Xinjiang) 44.7MB; Sichuan Daily
(Sichuan) 68.3MB; Tibet Daily (Tibet/Xizang) 56.5MB; BinHai Times (Tianjin)
49.5MB; PuDong Times (Shanghai) 30.2MB; Shaanxi Daily (Shaanxi) 76.2MB; Shanxi
Evening News (Shanxi) 71.9MB; QiLu Evening News (Shandong) 23.2MB; Qianghai
Daily (Qianghai) 57.1MB; Ningxia Daily (Ningxia) 52.7MB; Inner Mongolia Daily
(Inner Mongolia/Neimenggu) 62.5MB; Shenyang Evening News (Liaoning) 30.8MB;
Anhui Daily (Anhui) 67.4MB; Jiangxi Daily (Jiangxi) 46.8MB; Nanjing Daily (Jiangsu)
65.5MB; Jilin Daily (Jilin) 61.6MB; Hunan Daily (Hunan) 72.3MB; Hubei Daily
(Hubei) 76.0MB; Harbin Daily (Heilongjiang) 46.6MB; Zhengzhou Evening News
(Henan) 61.5MB; Yanzhao Metropolis Daily (Hebei) 64.3MB; Hainan Daily (Hainan)
78.3MB; Guizhou Daily (Guizhou) 29.3MB; Guangxi Daily (Guangxi) 67.1MB;
Yangcheng Evening News (Guangdong) 57.9MB; Lanzhou Daily (Gansu) 56.1MB;
Fujian Daily (Fujian) 83.1MB; Beijing Daily (Beijing) 88.4MB

Han is the majority ethnic group in China.

Manchuria is the historical region of northeastern China. It consists of three Northeast
provinces of China, i.e. Heilongjiang, Jilin, and Liaoning.
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