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Abstract

Gender stereotypes in educational materials can influence children’s and adolescents’ career aspirations, contributing to
persistent occupational gender segregation. However, large-scale, longitudinal studies examining gender representation
in stereotypical occupational domains in textbooks across different school subjects remain scarce. This study addresses
this gap by analyzing the gender representation in two key occupational domains: science, technology, engineering, and
mathematics (STEM) and health care, early education, and domestic work (HEED) across 820 German language arts
and mathematics textbooks from 1960 to 2017. Using a binomial generalized linear mixed model with a discontinuity
design we tested how representation was related to time, the 1986 governmental resolution on gender equity, subject
area, and occupational domain. Results revealed substantially lower female representation in STEM than HEED occupa-
tions throughout the study period. Female STEM representation increased from 0.0% to 9.1%, while HEED representa-
tion increased from 12.2% to 23.1%. The 1986 resolution had divergent effects across subjects: female representation
increased in German language arts textbooks but decreased in mathematics textbooks. A significant three-way interaction
revealed that temporal changes in female representation relate to both subject area and occupational domain. In German
language arts textbooks, female representation increased in both HEED and STEM domains, while in mathematics text-
books, female HEED representation increased (from 7.4% to 20.5%), but female STEM representation remained stable
(from 1.4% to 1.0%). After 1986, the odds of a STEM occupation mention being female were almost six times higher in
German language arts than in mathematics textbooks. These findings demonstrate that progress toward gender-equitable
representation is context-dependent, with mathematics textbooks perpetuating stronger occupational stereotypes.
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Contemporary occupational gender segregation is charac-
terized by pronounced disparities between two polarized
domains: the occupational domain of science, technology,
engineering, and mathematics (STEM) and the occupational
domain of health care, early education, and domestic work
(HEED) (Charles & Bradley, 2009; Croft et al., 2015; Eng-
land, 2005). Across industrialized nations, women only con-
stitute approximately 17% of the STEM workforce while
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representing over 70% of the HEED workforce, creating gen-
der wage gaps and limiting career mobility (Bundesagentur
fiir Arbeit, 2024; National Science Board & National Science
Foundation, 2024; World Health Organization, 2024).

This segregation reflects pervasive cultural associations
between these occupational domains and gender-stereotypi-
cal attributes (Froehlich et al., 2020). Gender-typed occupa-
tional aspirations emerge during childhood and adolescence,
when individuals form career-relevant identities that predict
later educational and occupational choices (Eccles, 2009,
2011; Fagot et al., 2000; Wicht et al., 2022). Social role the-
ory (Eagly, 1987; Eagly & Wood, 2012) explains this pat-
tern through the cyclical relationship between occupational
observations and stereotype formation. Repeated societal
observations of women and men in distinct roles create
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strong gender-occupation associations that become cultur-
ally embedded over time.

Educational textbooks represent influential sources of occu-
pational gender messages during these formative periods. Text-
books serve dual functions as pedagogical tools and cultural
transmitters, communicating implicit messages about occupa-
tional gender appropriateness through visual representations,
narrative choices, and linguistic patterns (Apple, 1987; Hohne,
2005; Ott, 2016). Research shows that exposure to counter-ste-
reotypical representations in learning materials improves girls’
performance and engagement in STEM domains (Good et al.,
2010). Furthermore, gender-neutral occupational language has a
significantly positive influence on career perceptions, compared
to gender-stereotypical language, particularly in grammatically
gendered languages like German (Liben et al., 2001; Vervecken
et al., 2013, 2015). However, not only occupational domains,
but also school subjects are associated with gendered conno-
tations. For example, mathematics is a stereotypical masculine
school subject, and language arts is a stereotypical feminine
school subject (Plante et al., 2009). Thus, textbooks in differ-
ent subject areas might potentially amplify occupational gender
messages (Plante et al., 2009; van der Vleuten et al., 2016).

While previous textbook studies have documented imbal-
ances in gender representation, systematic examination
of gender representation in specific occupational domains
related to contemporary occupational segregation remains
rare. First, most studies rely on simplistic ‘typically male/
female’ categorizations rather than focusing on theoretically
meaningful domains like HEED and STEM (Fruehwirth et
al., 2024; Ott, 2017b). Second, only a few studies employ
longitudinal designs capable of capturing representational
changes over extended periods (Finsterwald & Ziegler,
2007; Lindner & Lukesch, 1994; Ott, 2017b). Finally, com-
parative research examining subject-specific variation in
occupational portrayals remains underdeveloped, despite
evidence that different school subjects perpetuate distinct
gender stereotypes (Moser & Hannover, 2014).

The present study addresses these limitations by exam-
ining female and male HEED and STEM occupational
representations as indicators of how established gender
segregation patterns manifest in mathematics and German
language arts books over time. Using computational text
analysis of 820 German textbooks spanning 19602017,
we systematically examine how proportional representation
within these occupational domains has evolved across text-
books in these subject areas. Rather than measuring under-
lying stereotype dimensions, such as typical male or female,
we analyze forms of representation that reflect broader
HEED and STEM segregation trends, providing empirical
evidence regarding educational materials’ potential role in
reinforcing or challenging occupational gender associations
during critical developmental periods.
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Gender Stereotypes and Their Role in
Occupational Segregation

Gender functions as a fundamental structural and social
category that profoundly shapes contemporary societies
(Aulenbacher, 2008; Deaux, 1984; Risman, 2004; Schmader
& Nater, 2025; West & Zimmermann, 1987). Central driv-
ers are gender stereotypes, which are culturally embedded
cognitive schemas that encompass societal beliefs about
attributes, characteristics, and behaviors perceived as either
typical or appropriate for women and men (Ashmore & Del
Boca, 1979; Eckes, 2004). These stereotypes significantly
influence individual experiences, opportunities, and life
paths, with particularly pronounced effects on occupational
aspirations and choices (Watt, 2010).

Gender stereotypes include both descriptive elements
(indicating how women and men are typically perceived)
and prescriptive elements (defining how women and men
are expected to behave) (Eagly & Wood, 2012; Prentice
& Carranza, 2002). This dual nature means they not only
reflect observed patterns but also create expectations that
guide behavior. Through socialization, individuals often
internalize these stereotypes, perpetuating gendered societal
structures and constraining occupational pathways to those
deemed gender-appropriate (Schneider, 2005).

Social role theory (Eagly, 1987; Eagly & Wood, 2012)
explains how gender stereotypes emerge and persist through
societal observations of women and men occupying distinct
social roles. Repeated observations create strong associa-
tions between role-based behaviors and inherent gender
attributes, eventually embedding these stereotypes cultur-
ally (Eagly et al., 2020). Historical societal frameworks,
particularly the gendered division of labor and the public-
private dichotomy (Rubin, 1975; Weber, 2019) positioned
women and men within specific occupational spheres, rein-
forcing stereotypical attributes. Such divisions contributed
to what Hausen (1976) termed a “polarization of gender
characters,” creating deeply ingrained associations that
inform perceptions of occupational gender-appropriateness
and drive contemporary occupational segregation patterns
(Klinger, 2012).

The Two Poles of Occupational Segregation:
HEED and STEM

Occupational gender segregation—the tendency for women
and men to work in distinct occupational domains and
industries—remains a key characteristic of labor markets
worldwide (Charles & Bradley, 2009; Charles & Grusky,
2004; Levanon & Grusky, 2016; Lippa et al., 2014; Wong &
Charles, 2020). This segregation closely aligns with societal
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gender roles and associated stereotypes, perpetuating dis-
parities in pay, status, and career progression opportunities
(England, 2010; Ridgeway, 2011). Particularly illustrative
of this gendered occupational divide are two domains that
represent extreme poles of gender segregation: health care,
early education, and domestic work (HEED) and science,
technology, engineering, and mathematics (STEM) (Croft
et al., 2015; Stewart-Williams & Halsey, 2021; Tellhed et
al., 2017).

HEED domains encompass occupations primarily cen-
tered around care, nurturing, education, and social sup-
port (Croft et al., 2014, 2015). HEED occupations include
roles in health care (e.g., nursing, social work), early edu-
cation (e.g., preschool, elementary education, childcare),
and domestic work (e.g., household management). These
roles represent key forms of care work, defined as activities
involving the support, development, and welfare of indi-
viduals, that fulfill essential functions related to health pro-
motion, individual development, and community cohesion
(Aulenbacher et al., 2018; Briickner, 2010; England, 2005).
In most Western societies, HEED occupations are female-
dominated (Charles, 2011), with women comprising around
70% of the global health and social workforce, 74% in U.S.
education and health services, and 77% in German health
and social work (Bundesagentur fiir Arbeit, 2024; U.S.
Bureau of Labor Statistics, 2023; World Health Organiza-
tion, 2024). This concentration reflects associations of these
occupations with stereotypically feminine attributes such as
nurturing, warmth, empathy, and relationship orientation.
Accordingly, male underrepresentation persists, often due
to restrictive societal norms around masculinity, with men
entering HEED domains potentially experiencing social
penalties (Abele et al., 2016; Heilman & Wallen, 2010).

The acronym STEM collectively describes domains
characterized by scientific inquiry, technological innova-
tion, engineering problem-solving, and mathematical rea-
soning. These domains include diverse occupational roles,
from research scientists (e.g., physicists, chemists) and
engineers to computer science professionals, mathema-
ticians, and specialized technicians (Fayer et al., 2017).
Despite concerted efforts to increase women’s participation,
STEM remains male-dominated, with women constituting
approximately 29% of the global workforce, 18% in the
United States, and 17% in Germany (Bundesagentur fiir
Arbeit, 2024; National Science Board & National Science
Foundation, 2024; World Economic Forum, 2023). STEM
occupations emphasize analytical thinking, independence,
and problem-solving, attributes which align with stereotypi-
cally masculine attributes, contributing to perceptions of
STEM domains as inherently masculine (Abele et al., 2016;
Cheryan et al., 2009, 2017; Moss-Racusin et al., 2012;
Nosek et al., 2009).

HEED and STEM domains represent extreme manifesta-
tions of occupational gender segregation, with stereotypical
gender associations contributing to their persistence. Build-
ing on social role theory, ongoing observations of gendered
occupational roles reinforce stereotypical perceptions of
women’s and men’s suitability for HEED or STEM occupa-
tions, creating a self-perpetuating cycle where stereotypes
both reflect and reproduce occupational gender patterns.
These domains, therefore, serve as particularly revealing
indicators of how gender stereotypes manifest in occupa-
tional contexts in a society.

Developmental Origins of Occupational
Stereotypes: The Role of Textbooks

Occupational stereotype adoption begins early in life and
solidifies during formative developmental periods such
as preschool, primary school, and adolescence (Fagot et
al., 2000; Koenig, 2018; Martin, 2000; Olsson & Martiny,
2018). During these critical stages, children and adolescents
internalize societal beliefs about gender-appropriate roles,
subsequently aligning their identities and interests with these
internalized beliefs. Girls typically orient towards commu-
nal, care-oriented roles, while boys gravitate towards agen-
tic, technical, or scientific roles (Klaczynski et al., 2020;
Korlat et al., 2022; Su et al., 2009). This early internaliza-
tion significantly impacts educational choices and eventual
career pathways, making the sources of gender messages
during these formative years particularly influential (Eccles,
2009, 2011; Wicht et al., 2022).

Textbooks serve as crucial socializing agents due to their
daily, widespread use in classroom instruction. They not
only shape pedagogical methods but also transmit social
values and norms (Apple, 1987; Grésel, 2010; Stara et al.,
2017; Zala-Mezo et al., 2021). Through visual imagery, nar-
ratives, and linguistic choices, textbooks communicate both
implicitly and explicitly occupational stereotypes and have
the potential to reinforce gender-specific career aspirations
and identities (Gottfredson, 2002; Hohne, 2005).

Prior research shows the influence of gendered represen-
tations on children’s and adolescents’ occupational aspira-
tions, perceived self-efficacy, and scientific understanding
and performance (Scott, 1986; Scott & Feldmann-Summers,
1979; Trepanier-Street & Romatowski, 1999; Witt, 2001).
For instance, Good et al. (2010) found that girls showed
better understanding and performance on chemistry tasks
when learning materials included counter-stereotypical rep-
resentations, such as female scientists, suggesting that rep-
resentation impacts engagement and self-efficacy in specific
domains. Similarly, experimental studies show that expo-
sure to female STEM role models can positively influence
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girls’ self-concept and interest in STEM fields (Ziegler &
Stoeger, 2008). Beyond visual representation, linguistic
details also significantly influence perceptions of occupa-
tions (Stahlberg et al., 2007). The use of gender-neutral job
titles encourage more inclusive understandings of occupa-
tional accessibility, an effect particularly pronounced in lan-
guages with grammatical gender, such as German (Liben et
al., 2002; Vervecken et al., 2015).

School subjects are also associated with inherent gender
stereotypes, influencing children’s and adolescents’ occu-
pational perceptions indirectly (Kollmayer et al., 2017).
Mathematics and sciences are stereotypically viewed as
masculine, reinforcing their association with STEM careers,
whereas language arts is perceived as more feminine, simi-
lar to HEED occupations. Research supports these associa-
tions. For example, Plante et al. (2009) found that students,
regardless of gender, perceived language arts as strongly
feminine and mathematics as relatively more masculine.
These gendered perception of school subjects is closely
tied to children’s and adolescents’ motivation, preferences,
and ultimately, their educational and occupational trajec-
tories (Kollmayer et al., 2018; Plante et al., 2009, 2019).
Therefore, examining occupational representations within
textbooks across subject-specific contexts, especially
mathematics and language arts, provides critical insights
into how gender stereotypes are perpetuated or challenged
within educational systems.

In summary, textbooks are understood to play an impor-
tant role in shaping children’s and adolescents’ occupational
perceptions and aspirations. For this reason, analyzing their
content through their visual, textual, and linguistic elements
is crucial. Doing so provides valuable insight into the subtle
mechanisms by which gendered occupational segregation is
reproduced or challenged in educational settings.

Perspectives on Gender Representation in
Occupational Roles in Textbooks

Research on gender representation in educational textbooks
has undergone significant evolution since the 1960s, reflect-
ing broader trends in feminist scholarship and sociocultural
awareness (Mills & Mustapha, 2015; Moser, 2016). Initial
studies focused on highlighting the substantial underrepre-
sentation and, later, the stereotypical portrayal of women and
girls. Over time, research methodologies have grown increas-
ingly sophisticated, integrating linguistic and psychological
frameworks to critically examine how textbooks reinforce
gender stereotypes, particularly within occupational roles
(Fichera, 1996; Hunze, 2003; Moser, 2016; Ott, 2021). Given
the vast body of international research, this review concen-
trates on the literature most relevant to the present study’s
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design. We primarily draw from foundational and contem-
porary studies from German-speaking and Anglophone
contexts. This focus is justified by the direct relevance of Ger-
man-language research to our corpus and the influential role
of early Anglophone studies in shaping the field’s methodolo-
gies. Consequently, this review does not include the extensive
body of research from other linguistic and cultural contexts
(e.g., Scandinavia, Asia), as a comprehensive global over-
view is beyond the scope of this paper’s specific focus. This
review also includes some highly influential studies of related
educational media (e.g., picture books, online resources) that
have shaped theoretical and methodological approaches
within textbook research. Furthermore, we prioritize studies
that align with our research focus on specific school subjects
(particularly language arts and mathematics), different school
types (e.g., primary and secondary), and textbook types (e.g.,
reading books and subject-specific textbooks). Our review
will first provide a chronological overview of general find-
ings on occupational representation before focusing on the
more specific literature on subject-specific differences.

Early textbook studies from the 1960s to the 1980s
(Elbracht & Mosler, 1972; Ohlms, 1984; Sollwedel, 1968,
1971), inspired by second-wave feminism, primarily aimed
to expose the invisibility and stereotypical portrayals of
women, often using content analysis grounded in ideo-
logical critique (Apple, 1978; Bernstein, 1975). Influential
Anglophone analyses, such as Weitzman et al.’s (1972)
content analysis of 18 picture books for preschool chil-
dren, highlighted severe imbalances, finding 261 pictures
of men compared to only 23 of women, with a ratio of
11:1, and no instances of women in an occupational role.
Similar patterns were reported for German textbooks: In a
content analysis of 20 German elementary school reading
books, Karsten (1976) found significant male dominance in
character representation (71%) and occupational mentions
(87%). Occupational mentions predominantly portrayed
men in traditionally male domains (technical and produc-
tion roles), with female roles restricted to service-oriented
occupations. In a content analysis of 131 texts from three
English language arts textbooks used in German second-
ary schools, Hellinger (1980) found that men were depicted
across a broad spectrum of demanding careers, including
car builders, bankers, engineers, scientists, and explorers. In
contrast, women were confined to lower-status occupational
roles such as waitress, office worker, nurse, maid, or house-
wife, with only two women in all three textbooks achiev-
ing high educational and professional status (as teacher and
astronaut). Studies in this early period focused mainly on
documenting baseline disparities in representation and the
prevalence of traditional gender stereotypes.

In the 1990s, researchers began investigating whether ear-
lier criticism of gender inequality in school textbooks (Clark
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et al., 2005; Fichera, 1996; Preinsberger & Weisskircher,
1997; Witt, 1997) had prompted changes in gender portray-
als, but found only minor improvements (Moser, 2016). For
example, a study of Swiss textbooks by Bithlmann (2009)
found in his content analysis of 203 texts in three textbooks
of three publication cycles (1929, 1970, and 1990) that only
12% women were shown in an occupational role. While
male characters were shown in a full range of professions,
women were almost exclusively portrayed as farmers, sales-
women, cooks, or domestic servants. It was not until the
1990 textbook that teaching was added as a fifth occupa-
tion, and occupations like medicine, law, or skilled trades
remained almost entirely male-dominated throughout the
decades studied. In another key German study, Lindner
and Lukesch (1994), in their content analysis of 72 German
textbooks published between 1971 and 1992, covering Ger-
man, mathematics, basic sciences, and religious education
textbooks, also found persistent occupational gender seg-
regation. Despite an increased general visibility of women
(32% at the text level, 39% in pictures), women represented
only 13% of textual occupational roles and 16% of picto-
rial occupational roles. The distribution of these roles was
highly gendered. Of all occupations shown, 35% were in
typically female domains (such as social care), and women
were shown holding 62% of these typical female jobs. In
contrast, 36% of the occupations were in typically male
domains (such as academic positions), with women being
shown in only 12% of these roles.

Research from 2000 to the present confirms the persis-
tence of gender stereotypes, particularly concerning occu-
pational portrayals, despite incremental improvements in
the general visibility of women (Denny, 2011; Evans &
Kimberly, 2000; Moser & Hannover, 2014; Ott, 2017b).
A large-scale historical analysis of German textbooks by
Ott (2017b) conducted a discourse-linguistic multilevel
analysis of 88 German textbooks published between 1871
and 2014. While the study covers a vast historical period,
her findings from the 2000s (2000-2013) are particularly
revealing. In these modern textbooks, women’s general
mentions neared parity at around 42—43% of all personal
references. However, a significant gap in occupational rep-
resentation persisted, as a mention of a man was twice as
likely to be in an occupational capacity (6% of all male
mentions) than a mention of a woman (3% of all female
mentions). In the U.S. context, Hamilton et al. (2006) con-
ducted a content analysis of 200 popular children’s picture
books from the turn of the 21st century and found signifi-
cant disparities in occupational representation. The analysis
revealed that 75% of adult women were depicted without
paid employment, compared to 51% of men. Addition-
ally, men were portrayed in a substantially broader range
of occupations (32 different jobs) versus women (12 jobs).

These occupational disparities reflected a broader pattern
of gender under-representation, with male titles and main
characters outnumbering females by nearly 2-to-1. Recent
European studies confirm these findings. In their content
analysis of nine current and widely used textbooks (five
mathematics and four language arts textbooks) from five
European countries, Jehle et al. (2024) found that female
characters were significantly underrepresented in occupa-
tional contexts; only 22% of the characters with an occupa-
tion were female, and they appeared in fewer occupational
categories than male characters (20 vs. 35). In a qualitative
content analysis of illustrations in seven German geogra-
phy textbooks from 2011 to 2020, Cruz Neri et al. (2024)
found similar stereotypical patterns. In the category “Occu-
pation and Activity,” over 70% of illustrations depicted
only or predominantly male figures.

There are only two recent studies examining gender rep-
resentation in HEED and STEM, one focusing on online
educational websites (Kerkhoven et al., 2016), the other on
textbooks (Fruehwirth et al., 2024). Both reveal pronounced
disparities. In a visual content analysis of 60 open-access
science education resources (from the websites of Scientix
and OERcommons; e.g., demonstrations, games, experi-
ments) for the primary school level, Kerkhoven et al. (2016)
identified significant male dominance in STEM roles (75%),
alongside female dominance in teaching roles classified as
non-STEM occupations. In a computer-aided quantitative
text analysis of 202 current German language arts text-
books, Fruehwirth et al. (2024) employed a specific HEED
and STEM categorization and reported male dominance not
only in STEM occupations, where female representation was
minimal, but also within the HEED domain, suggesting an
overall portrayal of employment as a masculine sphere.

Studies comparing textbooks from different school
subjects, while historically limited, have emerged more
frequently in recent years, revealing nuanced differences
in gender portrayals (Bittner, 2011; Jochim, 2014; Mar-
kom & Weinhédupl, 2007). This is especially the case for
comparison between language and mathematics textbooks
(Jehle et al., 2024; Ott, 2017b; van de Rozenberg et al.,
2023). In their content analysis of 185 German textbooks,
Lindner and Lukesch (1994) found that the proportional
share of female characters in occupational roles was sub-
stantially higher in primary school German language
arts textbooks (40.5%) than in mathematics textbooks
(18.9%). However, this proportion declined sharply in
textbooks for higher grade levels and more advanced
school tracks. In a more recent German study, Moser and
Hannover (2014) also found subject differences, with male
characters being overrepresented in occupational roles
across both subjects, but with men being described 1.8
times more frequently in occupational roles than women
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in German language art textbooks and 2.1 times more fre-
quently in mathematics textbooks. Furthermore, in both
subject areas, men were portrayed with greater occupa-
tional diversity than women. Jehle et al. (2024) also found
subject differences, with females only comprising 14% of
occupational roles in mathematics textbooks compared to
25% in language arts textbooks.

Although textbook research has documented an increase in
women’s overall visibility since the 1960s, substantial gender
disparities persist, particularly regarding occupational rep-
resentation. Men remain significantly more likely to appear
in a broader range of occupational contexts, particularly in
STEM-related occupational roles. At the same time, women
are typically depicted in traditionally feminine occupations.
These differences seem even bigger in mathematics text-
books than in language arts textbooks.

However, significant thematic and methodological gaps
remain in the literature. First, although earlier work has
distinguished occupational roles by areas of activity (Hopf-
gartner, 1982; Silbermann & Kriiger, 1971), existing analy-
ses often lack a systematic focus on contemporary relevant
domains like HEED and STEM (except Fruehwirth et al.,
2024; Kerkhoven et al., 2016). Second, large-scale quanti-
tative text analysis approaches have rarely been applied to
examine gendered occupational portrayals, and if so, they
were not applied across extensive time periods (Ott, 2017b).
Third, comparative studies examining how these portrayals
differ across specific school subjects that are gender conno-
tated, notably language arts versus mathematics, are scarce
(Lindner & Lukesch, 1994; Moser & Hannover, 2014; Ott,
2017b). The present study addresses these gaps through
a large-scale, longitudinal, and comparative analysis of
gender representation in the HEED and STEM domains
employing quantitative corpus linguistic methods.

Current Study

To address the limitations identified in prior research, the pres-
ent study investigates gender representations in a substantial
corpus of 820 German language arts and mathematics text-
books spanning from 1960 to 2017, specifically analyzing
diachronic trends within the HEED and STEM domains and
assessing subject-specific variations. Our primary goals were
to quantitatively assess how the proportional representation
of women relative to men in HEED and STEM domains has
evolved over time and whether these temporal patterns differ
significantly between German language arts and mathematics
textbooks, potentially reflecting subject-specific gender ste-
reotypes. We also examined parallel trends in the normalized
frequencies (mentions per 1000 words) of female and male
terms to understand changes in absolute rates of mention.
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Based on findings on occupational gender segregation
(Froehlich et al., 2020; Hsu et al., 2021; Weisgram et al.,
2011), we developed six hypotheses to examine how these
societal patterns manifest in textbooks. Our first hypothesis
tests whether textbooks reflect occupational gender-domain
associations:

Hypothesis 1. The frequency of female mentions in STEM
occupations in textbooks is significantly lower than the
frequency of female mentions in HEED occupations.

Based on documented societal shifts toward increased
female labor force participation (Blau et al., 2014),
changing gender roles (Eagly et al.,, 2020), and
textbook research, indicating slow increases in female
representation (Moser, 2016; Ott, 2021), our second set
of hypotheses addresses temporal trends. We first posited
a general, linear increase in female representation over
the entire period:

Hypothesis 2a: The frequency of female mentions in
occupational roles (independent of the occupational
domain) has significantly increased over the period
1960-2017.

In addition to this general trend, we sought to more pre-
cisely test the impact of the 1986 governmental resolution
on gender equity in textbooks (KMK, 1986). Therefore, we
also hypothesized a clear discontinuity in representation
corresponding to this date:

Hypothesis 2b: There is a jump in the female mentions
in occupational roles across subjects and domains in
textbooks published after the governmental resolution
on gender equity in 1986.

However, given the persistent gender gaps in STEM occu-
pational domains compared to the gradual progress in other
domains (England et al., 2020; Fayer et al., 2017; World
Economic Forum, 2023), we anticipated that temporal
trends would differ significantly between HEED and STEM.
Therefore, in our third hypothesis, we tested the interaction
between domain and time:

Hypothesis 3. The frequency of female mentions in
STEM occupational roles has increased less than the fre-
quency of female mentions in HEED occupational roles
between 1960 and 2017.

Based on findings that school subjects show gender conno-
tations (i.e., mathematics being a stereotypical masculine
subject and language arts being a typical feminine subject)
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(Chaffee & Plante, 2021; Plante et al., 2009) and that the
temporal differences in gender occupational representa-
tion are more persistent in mathematics textbooks than in
language arts textbooks (Moser & Hannover, 2014), we
hypothesized subject-specific differences:

Hypothesis 4. The frequency of female mentions in oc-
cupational roles (independent of occupational domain)
in mathematics textbooks has increased less than in Ger-
man language arts textbooks between 1960 and 2017.

Finally, based on the differences concerning occupational gen-
der representations in subject areas and occupational domains
over time, we also hypothesized a three-way interaction:

Hypothesis 5: The increase in the frequency of female men-
tions over time is most pronounced in German language

arts textbooks for HEED occupations and least pronounced
in mathematics textbooks for STEM occupations.

Method
Sample

We created the textbook corpus as part of the project Gen-
der & Care in the Media within the Bavarian research

association ForGenderCare and funded by Bavarian State
Ministry of Science and the Arts.

The original corpus included over 2,000 German language
arts, mathematics, English, and science textbooks. For the
present study, we analyzed a sub-corpus of 820 textbooks
from primary schools (Grundschule), secondary schools
(intermediate track) (Mittelschule and Realschule), and sec-
ondary schools (academic track) (Gymnasium) in the subjects
of German language arts (n = 523) and mathematics (n =
297). This specific selection was made to directly compare a
subject stereotyped as feminine (language arts) with one ste-
reotyped as masculine (mathematics), a core objective of our
research design. Table 1 provides a detailed overview of the
textbook corpus, including information on school type, time
of publication, number of textbooks, and word counts.

Textbook Selection

We included all textbooks that were approved as learning
resources by the Bavarian State Ministry of Education and
Cultural Affairs for use in Bavarian schools between 1960
and 2017. Textbooks published after 1986 were subject to the
resolution on gender-equitable representation in textbooks.
The distribution of textbooks published in different periods
varies due to production processes and curriculum connec-
tions. There is a gap in the textbook corpus between 1997 and
2000 due to the introduction of the new Bavarian curriculum,

Table 1 Textbook Corpus: German Language Arts and Mathematics by School Type and Time (1960-2017)

School type 1960-1975 1976-1985 1986—1995 1996-2005 20062017
German Language Arts
Primary school 52 28 17 9 56
Secondary school (intermediate track) 80 7 30 46 49
Secondary school (academic track) 51 21 7 13 40
no specification 10 7 0 0 0
Total (Books)

193 63 54 68 145
Total (Word count)

12,137,611 2,632,590 2,763,139 3,880,878 8,413,958
Mathematics
Primary school 9 14 3 0 60
Secondary school (intermediate track) 16 18 22 49
Secondary school (academic track) 22 16 16 9 28
no specification 6 0 0 0 0
Total (Books)

53 48 28 31 137
Total (Word count)

1,673,849 1,378,688 997,272 1,241,815 3,819,234

Note. Textbooks without specified school types, or with types lacking modern equivalents, are labeled “no specification”. To maintain con-
sistency despite changes in the German school system, textbooks were reclassified by school type: those from intermediate-level schools
(Mittelschule, Realschule) were combined into “secondary schools (intermediate track)”; those from primary and lower secondary schools
(Volksschule, Hauptschule) were categorized as either “primary school” or “secondary school (intermediate track)” based on grade levels; and
those from college-preparatory schools (héhere Lehranstalt) became “secondary school (academic track)”. Word counts represent the sum of

words across all textbooks in each category
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as textbook publishers typically delay the release of new edi-
tions until new curricula are finalized and implemented.

Corpus Composition

The corpus spans the period from 1960 to 2017 and for
descriptive analysis it was divided into five intervals: 1960—
1975, 1976-1985, 1986—1995, 19962005, and 2006-2017.
All textbooks in the corpus were digitized using the OCR
software ABBYY Fine Reader 16 and converted into text
files using UTF-8 encoding. A script was used to convert
gender-fair abbreviations of occupational terms used in
the German language (e.g., Lehrer/-in [female and male
teacher]) into feminine-masculine word pairs (e.g., Lehrerin
und Lehrer [female teacher and male teacher]).

Procedure
Data Collection

To collect the data, we used the word lists of terms for HEED
and STEM occupations developed by Fruehwirth et al. (2024).
The word lists are based on the official occupational classifica-
tion of the German Federal Employment Agency (Bundesa-
gentur fiir Arbeit, 2011) and capture the full range of HEED
and STEM occupation domains. The word list for HEED
occupation terms contained 523 male terms (e.g., Lehrer
[male teacher], Arzt [male doctor]) and 535 female terms (e.g.,
Lehrerin [female teacher], Arztin [female doctor]). The word
list for STEM occupations contained 286 male terms (e.g.,
Physiker [male physicist], Chemiker [male chemist]) and 286
female terms (e.g., Physikerin [female physicist], Chemikerin
[female chemist]).

Our analysis was based on a token-based approach,
counting each occurrence of a term from these lists. We
analyzed only the running text of the textbooks; text within
illustrations was not included. The analysis focused on these
grammatically gendered nouns and did not capture occupa-
tional activity described in sentence-like expressions (e.g.,
“she works in a drugstore”). Following this logic, poten-
tially generic masculine forms were counted as male, and
gender-neutral terms (e.g., Feuerwehrdienstleistende [fire
fighters]) were not included in our analysis.

Our reliance on these binary word lists necessitates a
binary operationalization of gender. This approach is neces-
sitated by the specific word lists employed for data collec-
tion, which are derived from official binary occupational
categories. Furthermore, it aligns with the theoretical con-
ceptualization of gender as a structural category in occupa-
tional segregation research (Aulenbacher, 2008; Jarman et
al., 2012; Wong & Charles, 2020). A more detailed discus-
sion of this binary focus and its limitations with respect
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to contemporary understandings of gender (Schmader &
Nater, 2025) is provided in the discussion.

We used the word-counting functionality of the text analysis
program LIWC-22 (Boyd et al., 2022) to calculate the frequency
of matching terms in the corpus. Each token was lemmatized to
its nominative singular form before counting. The results were
exported to an Excel file and subsequently integrated into SPSS
and R (R Core Team, 2024) for further statistical analysis.

Data Analysis

Descriptive Analysis We conducted descriptive analyses using
SPSS version 29. This included calculating the absolute fre-
quencies (n), means (M), and standard deviations (SD) of the
male and female HEED and STEM occupations per textbook.
To account for differences in textbook length, we normalized
frequencies per 1000 words and calculated the proportional
share of the female mentions relative to total mentions. To com-
plement these aggregated metrics, we also identified the most
frequent specific occupational titles. These descriptive statis-
tics were calculated for the combined sample of German lan-
guage arts and mathematics textbooks, which we refer to as the
‘combined’ sample, as well as the sample of German language
arts and mathematics textbooks separately. For temporal com-
parison, we divided the data into the five intervals: 1960-1975,
1976-1985, 1986-1995, 1996-2005, and 2006-2017. The
rationale behind these splits is based on both methodological
and theoretical considerations. First, this division allowed for a
more balanced distribution of textbooks across periods, which
helped prevent data skew and proved beneficial for subsequent
model fitting. Second, in 1986, the German Standing Confer-
ence of the Ministers of Education and Cultural Affairs passed
a resolution stating that genders should be represented equally
in German school textbooks (KMK, 1986). Accordingly, we
sought to distinguish between textbooks published before and
after the resolution to assess its potential impact.

Inferential Analysis To test the study’s hypotheses and explore
changes over time and differences related to occupational
domain (HEED vs. STEM) and textbook subject (German lan-
guage arts vs. mathematics), we employed an interrupted time
series analysis using generalized linear mixed effects models
(GLMMs) in R (version 4.4.2; R Core Team, 2024). Inter-
rupted time-series analyses have proven highly useful for con-
trasting temporal changes before and after a specific point in
time, e.g., a medical intervention, as such models technically
allow for changes in intercepts and/or slopes after that point
(Hategeka et al., 2020). The passage of a normative resolu-
tion marks a crucial point in time after which we would expect
changes in both the intercept and the slope. GLMM:s have been
increasingly used in corpus-linguistic research (Tagliamonte
& Baayen, 2012), which is concerned with observational and
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often non-independent, i.e., grouped, data points (Gries, 2015).
We conducted analyses on the subset of N =759 textbooks con-
taining relevant occupational mentions.

To test our hypotheses, we fitted a GLMM using the GLMER
function from R’s LME4 package (version 1.1-35.1.1.1; Bates
et al.,, 2015). The binary outcome variable was GENDER
(female vs. male [reference]). As fixed effects, we submitted
SUBJECT (German language arts [reference] vs. mathematics),
DOMAIN (HEED [reference] vs. STEM), and TIME (numeric,
ranging from 1960 to 2017). To test whether there was a jump
in female mentions after the 1986 resolution, we created a
binary variable, post (no [reference] vs. yes), with years
before 1986 coded as no and years after 1986 coded as yes.
We accounted for hierarchical data structures arising from
multiple tokens per textbook by adding random intercepts
for each textbook, resulting in the following formula for the
maximal model: GENDER ~ SUBJECT * DOMAIN * TIME * POST
+ (1|texTBOOK ID). We followed Zuur et al.’s (2009) recom-
mendations for model building by starting with a maximal
model that contained all main effects and potential interac-
tions and subsequently removing non-significant terms. We
assessed model fit using the Akaike information criterion
(AIC) and the Bayesian information criterion (BIC) obtained
via the PERFORMANCE package (Liidecke et al., 2021).

To assess the overall significance of the fixed effects, we
used type Il ANOVASs from the CcAR package (version 3.1-2.1;
Fox & Weisberg, 2018). Results were considered statistically
significant at a =.05. We assessed model assumptions for the
binomial GLMM by examining simulated scaled residuals
using the DHARMa package (Hartig, 2024). No significant
deviations were observed (KS test [p = .812], dispersion test
[p=.520], outlier test [p = .663]). Post-hoc testing of pairwise
contrasts between individual predictor levels was conducted
using the EMMEANS package (Lenth, 2025). We adjusted the
p-values using the Tukey method. Effects plots were created
using the packages GGpLOT2 (Wickham, 2016), GGEFFECTS
(Liidecke, 2018), and cowpLoT (Wilke, 2015).

Results

This section presents the descriptive and inferential results of
our analyses examining the gender representation of occupa-
tional terms within the HEED and STEM domains in German
language arts and mathematics textbooks published between
1960 and 2017. Descriptive statistics for female and male
occupational mentions across time are presented in Table 2
(combined sample) and Table 3 (by subject). A brief descrip-
tive overview is provided first, followed by the main inferential
results, which are structured around the five study hypotheses.

Table 2 Descriptive Statistics of Female and Male HEED and STEM Occupations Across Time (1960-2017) in the Combined Sample of German Language Arts and Mathematics Textbooks

STEM
Female

HEED

N

Time

Male

n

Male

n

Female

1000W
0.064
0.106
0.074

SD

1000W
0.000
0.001

SD

n

1000W
0.446
0.375
0.514

SD

1000W
0.062

SD

5.12
4.49
5.89

6.31
7.62
6.87
5.93
5.59
6.28

3.61
3.85
3.41

887

0.14
0.31

0.02
0.05

28.70
17.66
23.78
25.16

25.05
13.57
23.56

26.59

6162
1506
1932
2632

3.49
2.29
4.48
7.37
5.57
4.61

858
254

1960-1975

427

0.063

111

1976-1985

280
287

0.002
0.002
0.007
0.003

0.60
0.38

0.1

0.098

367
730
1572
3781

82
99
282

1986-1995

0.056

2.9
3.05
3.34

0.11

11

0.514

0.143
0.129
0.097

8.70
9.56
7.53

19962005
2006-2017

0.070
0.070

859
2740

1.54
0.95

0.29

0.13

81
110

0.429

25.45
25.71

18.62
21.32

5250
17482

0.449

820
Number of textbooks. n = total raw count of mentions; M

education, and domestic work. STEM = science, technology, engineering, and mathematics. 1000W

1960-2017

Note. N

health care, early

mean number of mentions per textbook; SD = standard deviation of mentions per textbook. HEED

Number of mentioned occupations per 1000 words of text
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Male

n

STEM
Female

Male

n

HEED
Female

N

Table 3 Descriptive Statistics of Female and Male HEED and STEM Occupations by Subject and Time (1960-2017)

Time
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1000W

SD

1000W

SD

n

1000W

SD

1000W

SD

German Language Arts

1960-1975

0.064
0.056

6.73
3.98
5.07
3.90
6.63
5.99

3.99
2.35
2.13
2.28
3.42
3.22

771

0.000

0.14
0.38

0.02
0.05
0.15
0.13
0.54
0.20

0.496

29.58

31.17
22.48

6015

0.070

5.44
5.48
6.20
9.14
11.60

4.38
3.79
6.67
10.25
10.10

846
239
360
697
1465
3607

193

148

0.001

0.538

19.09
22.86

1416

0.091

1976-1985

0.042

115
155

496

0.003

0.74
0.42
2.12

8
9

79
103

0.644
0.638

32.96
36.43
33.34
31.59

1780
2477

0.130
0.180
0.174
0.121

54
68
145
523

1986-1995
19962005

2006-2017

0.040
0.059

0.002

23.44
28.36

0.009

0.575

4835
16523

0.057

1685

0.003

1.18

0.554

26.92

8.60

6.90

1960-2017

Mathematics
1960-1975

0.069

4.16
10.39

2.19
5.81
5.89
4.26

116

279

0.001

0.14
0.20
0.00
0.25
0.12
0.15

0.02
0.04
0.00
0.06
0.01
0.02

1

2
0

0.088

2.46

2.77
1.88
5.43
5.00
3.03
3.23

147

0.007
0.011

0.72
0.78
0.65
0.93
1.08
0.97

0.23
0.31
0.25
1.06
0.78
0.59

12
15

0.202

0.001

0.065

1.94
12.39
11.77

3.29
5.98

90
152
155

48
28

1976-1985

0.165
0.106
0.095

9.03
8.84
4.21
6.77

65
132
363

1

0.000

0.152
0.125
0.109
0.105

0.007
0.027
0.028

1986-1995

0.002

33
107

31
137

297
Number of textbooks. n = total raw count of mentions; M

education, and domestic work. STEM = science, technology, engineering, and mathematics. 1000W

1996-2005
2006-2017

2.65
3.55

0.001

415

0.116

1055

0.001

959

0.019

174

1960-2017

Note. N

health care, early

mean number of mentions per textbook; SD = standard deviation of mentions per textbook. HEED

Number of mentioned occupations per 1000 words of text

Descriptive Overview

Overall trends in the total frequency of occupational men-
tions, irrespective of gender, are presented in the Appendix in
Tables 4, 5, 6.This data provides context for our main analy-
sis and shows that the normalized frequency of total HEED
mentions fluctuated but ended slightly higher at the end of the
study period (from 0.508 to 0.558 per 1000 words), while total
STEM mentions remained considerably lower and relatively
stable (from 0.065 to 0.077 per 1000 words) (Table 4).

Furthermore, German language arts textbooks (Table 5)
contained a higher overall frequency of occupational men-
tions, particularly within HEED, compared to mathematics
textbooks (Table 6), which, despite lower overall frequen-
cies, showed a proportionally higher emphasis on STEM
mentions in some periods.

Regarding specific occupational titles, within HEED
domain, the teaching profession played a central role for
both genders; the term Lehrerin [female teacher] became
increasingly prominent over time (total n = 2,201), while
Lehrer [male teacher] was one of the most frequent male
terms (total » = 11,081). In the STEM domain, male

Table 4 Total Occupational Mentions (HEED and STEM) Across
Time (1960-2017): Combined Sample

Time Number of n M SD 1000W
textbooks
Combined (HEED + STEM)
1960-1975 246 7912 32.16 36.06 0.573
1976-1985 111 2192 19.75 2257 0.546
1986-1995 82 2587 31.55 30.58  0.688
1996-2005 99 3660 3697 3479 0.714
2006-2017 282 7762 27.52 3754  0.635
19602017 820 24113 29.41 34.67 0.619
HEED
1960-1975 246 7020  28.54 3235 0.508
1976-1985 111 1760 15.86  21.19  0.439
1986-1995 82 2299  28.04 2855 0.611
1996-2005 99 3362 3396 3248  0.656
20062017 282 6822  24.19 3378 0.558
1960-2017 820 21263 25.93 31.57 0.546
STEM
1960-1975 246 892 3.63 6.34  0.065
1976-1985 111 432 3.89 7.64  0.108
1986-1995 82 288 3.51 6.94  0.077
1996-2005 99 298 3.01 6.02  0.058
2006-2017 282 940 333 636 0.077
1960-2017 820 2850 348 6.55 0.073

Note. Shows total occupational mentions regardless of gender for
combined sample (German language arts and mathematics text-
books). n = total raw count of mentions; M = mean number of men-
tions per textbook; SD = standard deviation of mentions per textbook.
HEED = health care, early education, and domestic work. STEM =
science, technology, engineering, and mathematics. 1000W = Num-
ber of mentioned occupations per 1000 words of text
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Table 5 Total Occupational Mentions (HEED and STEM) Across
Time (1960-2017): German Language Arts Textbooks

Table 6 Total Occupational Mentions (HEED and STEM) Across
Time (1960-2017): Mathematics Textbooks

Time Number of n M SD 1000W Time Number of n M SD 1000W
textbooks textbooks
Combined (HEED + STEM) Combined (HEED + STEM)
1960-1975 193 7636  39.56 37.35 0.629 1960-1975 53 276 5.21 560 0.165
1976-1985 63 1806  28.67 25.05 0.686 1976-1985 48 386 8.04 10.84 0.280
1986-1995 54 2263 4191 30.21 0.819 1986-1995 28 324 11.57  19.66  0.325
1996-2005 68 3338  49.09 33.76  0.860 1996-2005 31 322 10.39 18.58 0.259
2006-2017 145 6875 47.41 4343 0.817 2006-2017 137 887 6.47 6.79 0232
19602017 523 21918 4191 3722 0.735 1960-2017 297 2195 739 1093 0.241
HEED HEED
1960-1975 193 6861  35.55 3323 0.565 1960-1975 53 159 3.00 2.78  0.095
1976-1985 63 1655  26.27 23.17 0.629 1976-1985 48 105 2.19 244  0.076
1986-1995 54 2140  39.63 27.64 0.774 1986-1995 28 159 568 12.58 0.159
1996-2005 68 3174  46.68 3091 0.818 1996-2005 31 188 6.06 11.90 0.151
2006-2017 145 6300 4345 37.99 0.749 2006-2017 137 522 3.81 390 0.137
1960-2017 523 20130 38.49 3324 0.675 1960-2017 297 1133 3.81 6.28 0.124
STEM STEM
1960-1975 193 775 4.02 6.78 0.064 1960-1975 53 117 2.21 4.18  0.070
1976-1985 63 151 2.40 4.03 0.057 1976-1985 48 281 585 1040 0.204
1986-1995 54 123 2.28 5.25 0.045 1986-1995 28 165 5.89 9.03 0.165
1996-2005 68 164 2.41 4.02  0.042 19962005 31 134 4.32 8.92 0.108
20062017 145 575 3.97 7.82 0.068 20062017 137 365 2.66 424  0.096
1960-2017 523 1788 3.42 6.42 0.060 1960-2017 297 1062 3.58 6.79 0.117

Note. Shows total occupational mentions regardless of gender for German
language arts textbooks only. # = total raw count of mentions; M = mean
number of mentions per textbook; SD = standard deviation of mentions
per textbook. HEED = health care, early education, and domestic work.
STEM = science, technology, engineering, and mathematics. 1000W =
Number of mentioned occupations per 1000 words of text

representation was typified by subject-specific roles such as
Ingenieur [male engineer; total n = 711] and Physiker [male
physicist; total n =479] in German language arts textbooks,
and Mathematiker [male mathematician; total n = 719] in
mathematics textbooks. In contrast, female STEM titles
were marginal; for instance, Ingenieurin [female engineer]
appeared only 22 times in total across six decades.

Inferential Analysis of Gender Occupational
Representation

To formally test our hypotheses, we fitted a binomial gen-
eralized linear mixed-effects model. The random effect
standard deviation for TExTBOOK ID was 0.55, indicat-
ing substantial variation between individual textbooks.
All model assumptions were met. Detailed model coef-
ficients are presented in Table 7 and full descriptive sta-
tistics, including raw counts (n), means (M), standard
deviations (SD), and normalized frequencies (1000W),
were previously shown in Tables 2 and 3. In the following
sections, each hypothesis is presented as a subheading.
For each, we first report the result of the omnibus test
(i.e., the * value), followed by supporting evidence from

Note. Shows total occupational mentions regardless of gender for math-
ematics textbooks only. n = total raw count of mentions; M = mean
number of mentions per textbook; SD = standard deviation of mentions
per textbook. HEED = health care, early education, and domestic work.
STEM = science, technology, engineering, and mathematics. 1000W =
Number of mentioned occupations per 1000 words of text

Table 7 Binomial GLMM Estimates (Log-Odds) for Gender of Occu-
pational Terms

Predictor B SE  z p
(Intercept) -1.82  0.08 -21.50 <.001%**
Time 0.02 0.01 391 <.001%**
Post 0.16 0.16 1.03 304
Domain

STEM (ref = HEED) 279 040 —-6.92 <.00]1***
Subject

Mathematic 0.38 0.30 1.28 202
Time x Domain STEM 0.04 0.02 2.48 <.013*
Time x Subject Mathematics 0.06 0.01 4.14  <.001***
Post x Domain STEM .11  0.63 1.76 079
Post x Subject Mathematics -1.98 0.58 342 <.001%**
Time x Subject Mathematics x —0.10  0.02 —-5.24 <.001***

Domain STEM

Note. B =log-odds; SE = standard error. The outcome variable is Gen-
der, with “male” as the reference category; positive 3 values indicate
higher odds of a term being “female.” Random effect SD (ID) = 0.55.
AIC =19917.9; BIC = 20007

*p < .05 % p < 0L ***p < .00]

the descriptive proportional shares (Table 8) and specific
post-hoc pairwise comparisons (Odds Ratios).
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Table 8 Descriptive Proportion (%) of Female Occupational Mentions by Domain Subject, and Time (1960-2017)

Time Overall HEED Overall STEM German language arts ~ German language arts ~ Math HEED (%) Math
(%) (%) HEED (%) STEM (%) STEM
(%)
1960-1975 12.2 0.0 124 0.0 7.4 1.4
1976-1985 144 0.9 14.5 1.8 14.4 0.5
1986-1995 16.0 2.6 16.8 6.7 44 0.0
1996-2005 21.8 35 22.0 4.8 17.8 1.9
2006-2017 23.1 9.1 232 13.3 20.5 1.0
1960-2017 17.8 3.9 17.9 5.8 16.4 0.7

Note. Values represent the percentage of female occupational mentions relative to total mentions (female + male) within each category, calcu-
lated from normalized frequencies per 1000 words. HEED = health care, early education, and domestic work. STEM = science, technology,

engineering, and mathematics

Hypothesis 1: Frequency of Female Mentions in STEM
Occupations in Textbooks is Significantly Lower Than the
Frequency of Female Mentions in HEED Occupations

Confirming our first hypothesis, female mentions were sig-
nificantly less frequent in STEM occupations than in HEED
occupations, x*(1) = 47.92, p < .001. The descriptive data,

summarized in Table 8 (proportional shares) and visualized in
Figure 1 (proportional shares) and Figure 2 (normalized fre-
quencies), illustrate this disparity. Overall, the proportional
share of female mentions in HEED was 17.8%, compared to
just 3.9% in STEM. The odds of an occupational mention being
female were approximately nine times higher in the HEED
domain than in the STEM domain (OR =9.78, p <.001).

F_igure 1 S_hare of Female Men- Combined
tions (%) in HEED and STEM . IS
Occupations by Subject and Time 504 A
(1960-2017). Note. Points repre-
sent the descriptive proportional T P -7
share of female mentions relative PSPPI it
to total mentions within each time 104 4
period, subject, and domain. The ki
‘combined’ panel displays data 5 —
aggregated across both German | e A
language arts and mathematics 01 Ao-ooooomemT
textbooks. HEED = health care, German language arts
early education, and domestic oy e
. S SrEEwe—amn s
work. STEM = science, technol- @ 501 -
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% | L4 : ® HEED
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Figure 2 Rate of Male and Female Combined
Mentions in HEED and STEM
Occupations by Subject and Time 0.6
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Hypothesis 2a: The Frequency of Female Mentions in
Occupational Roles (Independent of the Occupational Domain)
has Significantly Increased over the Period 1960-2017

In line with our second hypothesis, the frequency of female
mentions increased significantly over the study period,
¥*(1) = 15.32, p < .001. The descriptive data show that the
combined proportional share of female mentions across
all domains and subjects rose from 11.4% in 1960-1975
to 21.3% in 2006-2017 (Table 8). The time trend was sig-
nificant, with the odds of a female mention increasing by
4% per year (est = 0.04, p <.001). Visual inspection of the
descriptive data (Figures 1 and 2) suggests the increase may
have been more pronounced from the mid-1990s onward.

Hypothesis 2b: There is a Jump in the Female Mentions

in Occupational Roles across Subjects and Domains in
Textbooks Published after the Governmental Resolution on
Gender Equity in 1986

Overall, we do not find a significant main effect of the fac-
tor PosT, *(1) = 1.05, p = .304, but the factor interacted

significantly with sussect, y*(1) = 11.71, p < .001. In Ger-
man language arts books, the odds for female mentions
doubled after 1986 (OR = 2.04, p < .038), whereas in
mathematics textbooks, female mentions decreased sub-
stantially, being 3.5 times higher before 1986 than after
(OR = 0.28, p < .031). These differences are illustrated
in Figure 3, which shows a positive jump for German
language arts textbooks across domains in 1986, and a
noticeable drop in mathematics textbooks, especially in
the HEED domain.

Hypothesis 3: The Frequency of Female Mentions in STEM
Occupational Roles has Increased Less Than the Frequency
of Female Mentions in HEED Occupational Roles Between
1960 and 2017

The model revealed a significant TIME x DOMAIN interac-
tion, y*(1) = 6.12, p < .013, indicating that temporal trends
differed between HEED and STEM domains. The descrip-
tive data (Table 8) show that the proportional share of female
mentions increased from 12.2% to 23.1% in HEED and from
0.0% to 9.1% in STEM. However, post-hoc comparisons
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Figure 3 Predicted Probability of
Female Occupational Terms by
Domain and Subject Across Time

05

HEED

(1960-2017). Note. Lines show
predicted probabilities from an
interrupted time-series analysis
based on a binomial GLMM;
error bands show 95% confidence
intervals; the vertical dotted

line represents 1986. HEED =
health care, early education, and
domestic work. STEM = science,
technology, engineering, and
mathematics

04

predicted probability of female mention

0.0

STEM

Subject

— German language arts
==' Mathematics

of the temporal slopes between HEED and STEM were
non-significant when averaged across subjects (est = 0.01,
p = .427). This apparent discrepancy arises because TIME
and DOMAIN are involved in a three-way interaction with
SUBJECT, meaning that the domain-specific trends differ
between German language arts and mathematics textbooks
(see Hypothesis 5).

Hypothesis 4: The Frequency of Female Mentions in
Occupational Roles in Mathematics Textbooks Increased
Less Than in German Language Arts Textbooks Between
1960 and 2017

As hypothesized, the increase in female representation in
occupational roles was significantly less pronounced in math-
ematics than in German language arts textbooks, which is
supported by a significant TIME X SUBJECT interaction, x(1)
=17.10, p <.001, and by a significant POST X SUBJECT inter-
action, x*(1) = 11.71, p < .001. The model’s predictions (Fig-
ure 3) show that this subject-specific divergence intensified
over time, particularly driven by differing trends within the
STEM domain. The descriptive data show that the propor-
tional share of female STEM mentions in German language
arts textbooks rose from 0.0% to 13.3%, while in mathemat-
ics textbooks it remained at a consistently low level (1.4% to
1.0%) throughout the study period (Table 8). Post-hoc tests
confirmed that no significant differences existed between the
two subjects before 1986 (OR = 0.67, p = .225), but a sub-
stantial gap emerged after the passage of the 1986 resolution,
with the odds of an occupational mention being female were
almost 5 times higher in German language arts than in math-
ematics textbooks (OR =4.81, p <.001).
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Hypotheses 5: The Increase in the Frequency of Female
Mentions Over Time is Most Pronounced in German
Language Arts Textbooks for HEED Occupations and
Least Pronounced in Mathematics Textbooks for STEM
Occupations

Our analysis revealed a significant three-way interaction
of TIME x SUBJECT X DOMAIN, ¥*(1) =27.42, p <.001, which
uncovered a complex pattern. For German language arts
textbooks, female mentions were 14 times more likely in the
HEED domain than in the STEM domain before 1986 (OR
=14.12,p <.001), and 4.6 times more likely after 1986 (OR
=4.65, p <.001). For mathematics textbooks, female men-
tions were nearly 21 times more likely in the HEED domain
than in the STEM domain before 1986 (OR = 20.58, p <
.001), and almost 7 times more likely after 1986 (OR =6.78,
p <.001). This pattern indicates that the HEED-STEM gap
narrowed over time in both subjects, suggesting a steeper
increase in female STEM representation than in HEED.
This runs counter to our initial hypothesis, although the
absolute levels of female STEM representation remained
very low throughout the study period.

Discussion

This study provided the first comprehensive longitudinal
analysis of gender representation in HEED and STEM
occupations across 820 German language arts and mathe-
matics textbooks spanning nearly six decades (1960-2017).
Our findings reveal persistent gender occupational segre-
gation: women remain underrepresented in occupational
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roles, especially in STEM occupations, compared to HEED
occupations throughout the study period. This was particu-
larly evident in mathematics textbooks, where virtually no
change occurred in the representation of females in STEM
domains. Furthermore, the 1986 governmental resolution
on gender equity had divergent effects across subjects:
while female representation saw a sharp spike in German
language arts textbooks, it underwent a sudden plunge in
mathematics textbooks.

Underrepresentation of Women in Occupational
Roles

Our analysis revealed that women are mentioned signifi-
cantly less in STEM occupations than in HEED occupations
across the whole study period (H1). This finding aligns with
previous evidence from textbook research documenting
severe underrepresentation of women in STEM occupa-
tions (Fruehwirth et al., 2024; Kerkhoven et al., 2016) and
technical occupations (Cruz Neri et al., 2024; Finsterwald
& Ziegler, 2007; Ott, 2017b). Furthermore, beyond this
domain-specific disparity, our data also reveal that women
are systematically underrepresented across all domains
compared to men. Overall, female mentions comprised only
3.9% in STEM and even in HEED occupations, tradition-
ally a feminine work sphere, women comprised only 17.8%
of mentions overall, reaching just 23.1% by 2006-2017.
It is especially concerning that female underrepresenta-
tion was found throughout our study period of nearly six
decades. This indicates that even current textbooks primar-
ily construct paid work as masculine, with women’s labor
participation rendered largely invisible.

The systematic underrepresentation of women may con-
strain children’s and adolescents’ ability to envision gender-
diverse HEED and STEM careers. Research confirms that
counter-stereotypical representations can positively influ-
ence girls’ STEM engagement and performance (Good et
al., 2010), while the absence of female role models leads
to perceptions that STEM is a male occupational domain
(Lindner & Makarova, 2024). Other research indicates simi-
lar effects for HEED occupations, where the absence of male
role models constrains boys’ engagement in health, educa-
tion, and care fields (Puzio & Valshtein, 2022). Through
daily classroom use, textbooks communicate implicit mes-
sages about occupational gender-appropriateness, poten-
tially crystallizing beliefs about who belongs in HEED and
STEM domains throughout students’ educational careers
(Curdt-Christiansen, 2017; Eagly & Wood, 2012; Watt &
Eccles, 2008). In terms of future research, it would be useful
to examine long-term effects of textbook exposure (Behnke,
2018) on HEED and STEM career aspirations.

Differential Temporal Development Across HEED
and STEM Domains

Our findings confirm that female occupational representa-
tion increased significantly over the study period (H2a),
yet this development proved highly uneven across the two
occupational domains (H3). While the proportional share
of female mentions increased in both domains, the nature
of this change differed substantially. In HEED occupa-
tions, female representation showed a consistent, substan-
tial increase in proportional share, increasing from 12.2%
to 23.1%. In STEM, the increase was from a starting point
of zero, making the relative fold-increase appear large, but
the absolute endpoint of 9.1% remained low, falling short
of the level HEED had already achieved in the 1960s. This
indicates that while both domains saw change, the progress
in STEM was not sufficient to meaningfully alter its status
as a male-dominated field within the textbook landscape.

This finding contributes a critical longitudinal dimension
to existing textbook research. Whereas past studies have
often categorized occupations into broad “typically female/
male” domains (Finsterwald & Ziegler, 2007; Lindner &
Lukesch, 1994; Ott, 2017b), our study provides the first
direct demonstration of the differential pace of change spe-
cifically within the contemporary occupational domains of
HEED and STEM. The results suggest that these domains
operate as self-reinforcing systems within educational
media. Culturally feminized work (Puzio & Valshtein,
2022), such as the HEED domain, proved more perme-
able to increases in female representation over time. This
may be because including more women in domains already
conceptualized as “appropriate” for them—and often soci-
etally devalued—does not fundamentally challenge existing
gender schemas or status hierarchies (Bern, 1981; Starr &
Zurbriggen, 2017). In contrast, the slower absolute progress
in STEM suggests its strong masculine associations created
greater cultural resistance to change. This indicates that the
patriarchal and hierarchical gender order, where masculinity
is positioned as superior to femininity (e.g., Connell, 1987;
Risman, 2004, as cited in Puzio & Valshtein, 2022), remains
a powerful and persistent element within textbooks. This is a
notable finding, as it suggests that the content of educational
media stays static and may not fully reflect the dynamic and
evolving nature of gender stereotypes that have been docu-
mented in broader society (Diekman & Eagly, 2000; Eagly
et al., 2020).

Subject-Specific Differences: Mathematics Versus
Language Arts

A particularly notable finding of this study was the signifi-
cant divergence in gender representation between German
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language arts and mathematics textbooks over time (H4).
While both subjects began with similarly low levels of
female representation in the 1960s, their developmental paths
diverged significantly. Our discontinuity analysis pinpoints
the 1986 governmental resolution on gender equity (KMK,
1986) as the critical juncture for this divergence (H2b).
Rather than a uniform effect, the results revealed that the res-
olution’s impact was subject-specific: in German language
arts textbooks, female representation showed a positive jump
immediately after 1986, whereas in mathematics textbooks,
the probability of female mentions dropped immediately
after 1986, though the general upward trend continued over
time. Consequently, while no significant differences existed
between the two subjects before 1986, a substantial gap
emerged thereafter. By the final period (2006-2017), the
odds of an occupational mention being female were almost
five times higher in German language arts than in mathe-
matics textbooks. This finding does not simply confirm that
mathematics textbooks are more gender-stereotypical (Jehle
et al., 2024; Moser & Hannover, 2014). Our longitudinal
data demonstrate that subject-specific gender disparities in
occupational representation have intensified over the last six
decades: while German language arts textbooks showed sub-
stantial progress towards greater gender equity, mathematics
textbooks showed only minimal change.

One interpretation is that textbooks act as key mecha-
nisms within larger, self-reinforcing cycles of educational
gender stereotyping (Kollmayer et al., 2017), School sub-
jects themselves are culturally coded: mathematics is associ-
ated with masculine-rational attributes, while language arts
is associated with feminine-expressive attributes (Colley
& Comber, 2003). This gendered context likely influences
the production and content of the textbooks themselves.
Authors and publishers creating materials for a subject
perceived as masculine may be more likely, whether con-
sciously or unconsciously, to select content that aligns with
these existing stereotypes. This pattern reflects the complex
nature of textbook production, involving intricate interac-
tions between policy mandates, curriculum development,
publishing cycles, and authorial choices (Hohne, 2018;
Matthes et al., 2024; Young & Muller, 2016). Textbooks
then present this stereotyped view to teachers, parents, and
students, whose own biases and expectations are in turn
reinforced (van de Rozenberg et al., 2024; van der Vleuten
et al., 2016; Wolter et al., 2015), thereby creating a self-per-
petuating cycle in which the stereotypes within mathematics
textbooks are both a product of, and a contributor to, the
subject’s gendered culture. Future research should inves-
tigate these subject-specific production mechanisms (Her-
rmann, 2016) to better understand how educational policy is
interpreted and implemented differently across subject areas
(Matthes & Schiitze, 2016; Ott, 2017b).
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Compounding Effect of Subject and Domain

The intersection of subject area and occupational domain
reveals compounding effects on gender representation over
time (HS5). Female STEM representation in mathemat-
ics textbooks remained statistically static over nearly six
decades (from 1.4% to 1.0%), a notable result considering
many gender equality efforts (Guthridge et al., 2022). Over
the same period, this occupational domain showed substan-
tial progress in German language arts textbooks (from 0.0%
to 13.3%). While we hypothesized that HEED would show
the largest increases, the three-way interaction revealed that
the gap between HEED and STEM narrowed over time in
both subjects. This pattern reflects the much lower starting
point for STEM, which allowed for larger relative gains,
even though absolute levels of female STEM representa-
tion remained very low. This finding partially contradicts
our initial hypothesis. These results provide the first direct
demonstration of how subject and domain jointly influence
gender representation over time. In our view, the most com-
pelling explanation is that gender stereotypes in textbooks
intertwine (McCall, 2005; Yuval-Davis, 2006) with multiple
biased contexts (Collins, 1998; Salem, 2018). Within math-
ematics textbooks, female HEED representation remained
lower than in German language arts textbooks, and the dif-
ference was even more pronounced in STEM, suggesting
that the masculine framing of mathematics constrains female
representation even in traditionally feminine occupational
domains (Puzio & Valshtein, 2022). This intersectional lens,
which examines how multiple forms of bias compound each
other, opens new avenues for textbook analysis. This under-
standing of interconnected contexts and categories (Klinger
& Knapp, 2008) is increasingly recognized as a vital, yet
still infrequent, perspective in textbook research (Alter et
al., 2021; Burden, 2023; Knudsen, 2005, 2006; Koster et al.,
2023). There is a need for research to explore educational
material with a perspective that goes beyond simple gender
representation and includes different biased contexts and
categories (Ferree & Hall, 1996).

Practice Implications

Our results have important theoretical and practical impli-
cations. From a theoretical perspective, our findings are
compatible with social role theory (Eagly & Wood, 2012)
by documenting gender-stereotypical textbook representa-
tions that may constitute inputs into processes of gender role
socialization. Our longitudinal evidence reveals that text-
books may contribute to these divisions through systematic
gender-specific representations. The underrepresentation of
women in STEM occupations over six decades demonstrates
how educational materials can uphold gender stereotypes



Sex Roles (2026) 92:21

Page 17 0f 24 21

that persist despite temporal change (Charlesworth & Banaji,
2022). Most critically, the stagnation of female representa-
tion in mathematics textbooks identifies a specific educa-
tional context in which the transformation of gender roles
appears to fail. While Eagly’s framework predicts role change
through women’s increasing workforce participation (Eagly
et al., 2020), progress may be significantly impeded within
certain subject-specific contexts. One possible interpretation
is that the compounding effect of a masculine-coded subject
presenting a masculine-coded occupation creates a context
that is highly resistant to reflecting societal change.

Second, our findings provide empirical support for cri-
tiques of knowledge production in educational contexts
(Apple, 1987; Lassig, 2010; Ott, 2017a). Research on knowl-
edge transmission in educational media (Hohne, 2005; Stein,
1977) emphasizes how textbooks are embedded within
political and sociocultural contexts that determine legitimate
knowledge. Our results establish that textbook knowledge
maintains existing gender hierarchies over a long period of
time. The persistent marginalization of women in STEM,
particularly in mathematics textbooks, exemplifies what
feminist scholars identify as the sociology of knowledge
dimension: certain knowledge forms and producers receive
systematic privilege over others (Code, 1991; Hill Collins,
2002; Smith, 1987). The uneven progress across subjects
and the divergent response to the 1986 policy illustrate the
structural resistance of gendered knowledge hierarchies that
feminist scholarship identifies (Mills & Mustapha, 2015),
particularly in masculine-coded domains like mathematics.

The stagnation of female representation in mathematics
textbooks underscores the need for subject-specific interven-
tions in textbook development. From a practical standpoint,
publishers and educators must recognize that progress in
one domain does not automatically transfer to others. Zala-
Mezo et al. (2021), for example, propose implementing for-
mative evaluations during the textbook production process.
This approach would be excellent for improving not only
the pedagogical content knowledge but also the sociocul-
tural knowledge embedded within school textbooks.

Limitations and Future Research Directions

The present study provides the first large-scale, longitudi-
nal evidence of how gender representation in HEED and
STEM occupations has evolved in German language arts
versus mathematics textbooks. Despite the overall support
for our hypotheses, several limitations of our computational
text analysis approach must be acknowledged. First, our
computational approach was limited to the running text of
textbooks and did not include pictorial elements. Visual rep-
resentations of occupational roles constitute an important
dimension of gender representation in educational materials

(Cruz Neri et al., 2024; Finsterwald & Ziegler, 2007; Moser
& Hannover, 2014) and may communicate gender stereo-
types in ways different from textual content. Similarly, our
word-list-based method captured only explicit occupational
nouns and did not identify occupational activity described
through sentence-like expressions (e.g., “she works in a
drugstore™). Future research combining textual and visual
analysis, as well as more sophisticated natural language pro-
cessing techniques, could provide a more comprehensive
picture of occupational gender representation.

Second, our method quantified each occupational men-
tion as an independent data point. Consequently, the analy-
sis did not distinguish between a single character mentioned
multiple times within a text and multiple unique characters
appearing once. This approach, while necessary for a large-
scale corpus analysis, may inflate the frequency counts of
characters who are central to a particular narrative. Future
research employing more fine-grained text analysis, such as
labeling each unique character with an ID, could provide a
more nuanced count of individual representations and com-
plement the present frequency-based findings.

Third, our study focused on the presence and propor-
tional share of female versus male occupational terms, but
it did not analyze the gender-stereotypical attributes asso-
ciated with these roles. While our findings reveal who is
represented, they do not capture how they are described.
Examining whether HEED and STEM roles are described
with, e.g., communal or agentic attributes (Abele & Woj-
ciszke, 2007), represents an important gap in understanding
how stereotypes are subtly communicated through descrip-
tive language. In terms of future research, it would be useful
to extend the current findings by examining gender-stereo-
typical attribute dimensions (Formanowicz et al., 2017;
Pietraszkiewicz & Formanowicz, 2023; Pietraszkiewicz et
al., 2019) related to occupational mentions, which would
provide deeper insight into the qualitative nature of these
occupational portrayals.

Fourth, our analysis was limited to binary gender based
on grammatical markers and did not examine gender-fair
language use. This included our consistent coding of all
potentially generic masculine nouns as male, as disambigu-
ating their specific referent was not feasible across the large
corpus. Both elements significantly impact children’s and
adolescents’ occupational perceptions (Sczesny et al., 2016;
Vervecken & Hannover, 2015; Vervecken et al., 2013) and
constitute integral components of textbook research (Kie-
sendahl & Ott, 2015; Moser & Hannover, 2014; Moser et
al., 2013). Our binary focus, while reflecting the source
material’s linguistic structure, cannot capture non-binary or
gender-diverse individuals. Future research should combine
occupational role analysis with gender-inclusive language
investigation and develop methodologies for identifying
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non-binary representations in educational materials (Hohne
& Heerdegen, 2018; Koster et al., 2025).

Despite these limitations, the merit of the present study
lies in its corpus linguistic quantitative approach, which
enabled a complete analysis of all approved Bavarian math-
ematics and German language arts textbooks from 1960 to
2017. By evaluating a substantially larger number of text-
books than previous studies and employing a discontinu-
ity design to test the impact of the 1986 policy, this work
provides a comprehensive comparison of subjects (math-
ematics vs. German language arts) and domains (STEM vs.
HEED), offering a more detailed longitudinal perspective
on the persistence of occupational gender stereotypes.

Conclusion

Our findings establish that while female occupational rep-
resentation has generally increased since 1960, this trend
is significantly moderated by both occupational domain
and subject. Notably, the 1986 governmental resolution
on gender equity had divergent effects: German language
arts textbooks showed a positive change, while mathemat-
ics textbooks showed no improvement or even a decline
of female representation. German language arts textbooks
show progress in representing women across both HEED
and STEM domains. In contrast, mathematics textbooks
showed slower progress in HEED representation compared
to German language arts textbooks, and maintain STEM as
an almost exclusively male domain, a trend unchanged for
nearly six decades. This complete stagnation in female rep-
resentation in STEM occupational roles highlights cause for
action, especially as textbooks serve as crucial socializing
agents during formative developmental periods when chil-
dren and adolescents internalize occupational stereotypes
that can shape their career trajectories. Our results call for
targeted efforts by publishers and educators to create materi-
als that reflect and encourage a more inclusive vision of the
modern workforce.
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