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Masculine public image of six scientific fields in Japan:
physics, chemistry, mechanical engineering, information
science, mathematics, and biology

Yuko Ikkatai, Azusa Minamizaki, Kei Kano, Atsushi Inoue, Euan McKay
and Hiromi M. Yokoyama

U.S. and other publics perceive STEM (science, technology, engineering,
and mathematics) fields as masculine and scientist as a male occupation,
but Japanese public perception remains unstudied. Using an online survey,
we identified keywords associated with physics, chemistry, mechanical
engineering, information science, biology, and mathematics. A second
online survey showed that the Japanese public perceived both keywords
and fields as masculine. This trend was stronger in individuals with less
egalitarian attitudes towards gender roles. We suggest that attitude
towards gender roles contributes to the masculine image of science in
Japan.
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Introduction Many studies, worldwide, have examined the public’s impressions of scientists
and science. Chambers [Chambers, 1983] showed that, when asked to draw a
picture of a scientist, many people drew the stereotypical image of a male scientist.
Only girls drew female scientists [Chambers, 1983]. In a study of 1,500 middle
school students in the U.S., most students drew a scientist as a white man with
a lab coat, eyeglasses, and facial hair, while only 25 percent of the students drew
a woman [Barman, 1997]. A similar result was reported for high school students in
the U.S., where the typical image of a scientist was an elderly or middle-aged man
in a white coat working in a laboratory [Mead and Métraux, 1957]. When ninth
and twelfth grade students in Turkey chose their favorite physicists, the top three
were all men: Albert Einstein, Isaac Newton, and Galileo Galilei [Oktay and Eryurt,
2012]. These studies suggest that “scientist” is often perceived as a masculine role.

In addition to scientists, many previous studies have shown that the public also
perceives science as masculine. Such studies have often been conducted for
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individual fields or of science as a whole. However, the strength of the
gender-biased image for each field remains unclear even though each scientific
field has its own characteristic image. For example, the public image of
mathematics is “number, objective, abstract, inhuman subject” [Sam and Ernest,
2000; Wong, 2005], “difficult, cold, abstract, theoretical, ultra-rational, but
important” in addition to “largely masculine” [Ernest, 2004]. Regarding mechanical
engineering, the public image was found to be “dirty” and “boring” [Beder, 1999].
Schummer and Spector [2007] investigated the characteristics of emblematic objects
associated with various scientific fields using digital images collected from public
databases. More than 40 percent of these objects were related to chemistry (for
example, beakers and flasks), but there were no emblematic objects representing
physics. This demonstrates that chemistry has clear images associated with it, but
that physics has no equivalent abstract images. Another study showed that the
image of chemistry is characterized by the words “poisons, hazards, chemical
warfare and environmental pollution to alchemical pseudo-science, sorcery and
mad scientists” [Schummer, Bensaude-Vincent and Van Tiggelen, 2007]. Physics
was perceived to be more difficult than biology by junior high school students
[Barmby and Defty, 2006]. Jones, Howe and Rua [2000] found that girls viewed
biology as a more caring field of science due to the focus on living organisms and
human health, whereas physics was associated with war and destruction. One
study showed that a job in physics was perceived to have few opportunities
compared with a job in biology [Bruun, Willoughby and Smith, 2018]. Such
field-specific images may contribute to the gender-biased images of those fields.

Few studies have examined the public image of scientists and science in
non-English-speaking countries. However, several studies have been conducted in
Japan. When Japanese students in the fifth year of elementary school and the
second year of junior high school were asked to draw a scientist, they drew men
wearing white coats. There were no students who drew female scientists [Sumida,
Inagaki and Hayashi, 2001]. Additionally, Japanese university students have
gender-biased perceptions of certain jobs [Adachi, 2013; Adachi, 2014]. Physicist
especially was considered a job for men. These studies show that young Japanese
students clearly perceive “scientist” as a masculine role. However, it remains
uncertain whether the Japanese public, in general, holds a clear image of science as
masculine. One study identified the top three words in a list of words that Japanese
people associated with science as rika (science), jikken (experiment), and shimpo
(progress) [Mizuno et al., 2011]. Toyosawa, Karasawa and Todayama [2011]
examined the impressions of 22 different academic fields for Japanese university
students in school of informatics and sciences. The students were asked to write
down words associated each field. They answered that physics and mathematics
were perceived as “difficult” and biology was perceived as “disgusting.”
Additionally, the negative image of scientific fields differed depending on the field.
For example, Japanese parents perceived physics, mathematics, information
science, and biology as difficult fields for finding employment, while they
perceived engineering fields as unsuitable for women [Ikkatai, Inoue et al., 2019].
These studies suggest that there are field-specific images, though the level of
gender-bias for these images has not been examined.

However, Japan is a country with comparatively few women in scientific fields,
especially in mathematics, physics, and mechanical engineering. The percentage of
female first-year university students in these fields was only 20%, 16%, and 5%
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respectively [Gakkō Kihon Chōsa, 2017]. The percentage of female students in
biology (38%) and chemistry (31%) were better, although both were below 50%.
There is no doubt that women are in the minority in science in Japan. This gender
imbalance could be due to the public’s masculine image of scientists, and perhaps
of all scientific fields. On the other hand, Japan is a gender-unequal country. The
level of national gender equality can be measured by the Gender Gap Index (GGI).
The higher the rank, the higher the gender equality. Japan ranked 110th out of 149
countries in 2017 [World Economic Forum, 2017]. This indicates less egalitarian
attitudes towards gender roles in Japan. A Japanese study found that individuals
with less egalitarian attitudes more often perceive science as masculine [Ikkatai,
Minamizaki et al., 2020]. However, the relationship between egalitarian attitudes
and the masculine image of science has yet to be examined.

Research
questions

We focused on the Japanese public’s gendered image of science for six fields:
physics, mathematics, mechanical engineering, biology, chemistry, and information
science. Physics and mathematics were chosen because the percentages of female
first-year university students in those fields (physics, 16%; mathematics 20%) were
comparatively low among all fields of science. Biology and chemistry were chosen
because the percentage of female first-year university students in those fields was
relatively high (biology, 38%; chemistry, 31%). While fewer women study
engineering (15%), the percentage of female first-year university students in
mechanical engineering was the lowest (5%, [Gakkō Kihon Chōsa, 2017] ) among
all engineering fields. There are no official figures for the percentage of female
first-year university students in information science in Japan, but information
science was chosen because it is the field with the lowest female representation in
the U.S. [Cheryan et al., 2017]. The percentage of female university students is often
calculated using a statistical data survey called the Gakkō kihon chōsa. This annual
survey by the Ministry of Education, Culture, Sports, Science and Technology
(MEXT) records the number of university students for each academic faculty in the
same way since 1948. Information science was not included when the survey
started as that faculty did not exist at the time.

In this study, we investigated the strength of gendered (masculine) image for six
fields of science and for field-related keywords. In addition, we investigated the
effect of individual egalitarian attitudes and sex on the perception of a masculine
image for each field and for each keyword. The research questions are shown
below.

– RQ1: What is the gendered image perceived for each of the six scientific
fields?

– RQ2: What is the gendered image perceived for keywords associated with
each of the six scientific fields?

– RQ3: Is there a relationship between an individual’s attitude towards
egalitarian gender roles and their perception of a gendered image of the six
fields and of the keywords associated with each field?
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Stimulus creation As we could not find any existing lists of keywords associated with the six fields
chosen for this study, we conducted an online survey to collect words that the
public associate with each. We then narrowed these down to between ten and
fifteen keywords for each field.

Participants

We employed Macromill, Inc., a research company in Japan. The data was gathered
online from a sample matching the current demographic profile of the Japanese
population by age and sex. Data collection was stopped after the number of
respondents met the pre-defined sample size: 210 adults (men = 105, women =105;
aged from 20 to 69). All responses were considered valid. This survey was
conducted in Japanese on February 15 and 17, 2019.

Procedures

We asked the respondents to write three words in Japanese that they associated
with each of the six fields (physics, mathematics, biology, chemistry, information
science, and mechanical engineering). The respondents were instructed to write the
first words that sprang to mind without thinking too deeply. We allowed them to
write any kind of word. In total, 630 words (3 words × 210 respondents) were
listed for each field.

Analysis

One of the authors improved the list by correcting orthographical variants and by
excluding invalid answers (for example, “nothing special,” “I can’t think of any”).
As a result, we created list A, which included 242 words for physics, 220 words for
chemistry, 246 words for mechanical engineering, 231 words for information
science, 181 words for mathematics, and 214 words for biology. List A included
names of individuals and famous scientists, verbs and adjectives (see the
supplementary material for the full list). However, List A was too large to use for a
further online questionnaire to investigate the gendered image of each word.
Therefore, we selected between 15 and 20 words that most represented each field
using the following three steps. In step 1, four authors (men = 3, women =1)
participated as evaluators. They had different educational backgrounds (history,
biology, economics, and physics), but engage in science communication as experts.
They were instructed to select all the words from list A that they thought matched
the image for each field. A second list B was created using only the words for
which all four evaluators agreed (100% concordance). As a result, list B was
created, which included 38 words for physics, 61 words for chemistry, 51 words for
mechanical engineering, 39 words for information science, 41 words for
mathematics, and 41 words for biology. In step 2, the same four evaluators were
instructed to choose five words from list B that matched the image of each field.
Then, all the words selected were compiled into list C, which included 15 words for
physics, 14 words for chemistry, 14 words for mechanical engineering, 14 words for
information science, 12 words for mathematics, and 14 words for biology. In step 3,
one of the authors, who was not an evaluator, examined list C carefully and
integrated some words that had a similar meaning (for example, “artificial
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intelligence” and “AI” were integrated as “artificial intelligence (AI)”). Finally, list
D was created, which included 15 words in physics, 13 words in chemistry, 14
words in mechanical engineering, 13 words in information science, 11 words in
mathematics, and 13 words in biology (Table 1). Finally, we used list D as the
stimulus for a further online questionnaire.

Table 1. List D keywords for the six fields.

No.
Physics Chemistry Mechanical engineering

English Japanese English Japanese English Japanese

1 Galileo ガリレオ Bunsen burner ガスバーナー Oily and greasy 油まみれ

2 Einstein アインシュタイン Chemical formula 化学式 Welding 溶接

3 Newton ニュートン Chemical symbols 元素記号 Machinery manufacture 機械をつくる

4 Mechanics 力学 Element 元素 Tool 工具

5 Electromagnetic field 電磁場 Molecule 分子 Engineer エンジニア

6 Theory of relativity 相対性理論 Benzene ring ベンゼン環 Machinery design 機械設計

7 Thermodynamics 熱力学 Chemical reaction 化学反応 Aircraft 航空機

8 Principle 原理 Novel materials 新素材 Rocket ロケット

9 Mathematics 数学 Mole モル Car 自動車

10 Equation 方程式 Test tube 試験管 Gear 歯車

11 Theory 理論 Beaker ビーカー Robot ロボット

12 Formula 公式 Litmus paper リトマス試験紙 Development 開発

13 Law 法則 Medicine 薬品 Manufacturing ものづくり

14 Phenomenon 現象 Practical 実用

15 Space 宇宙

No.
Information science Mathematics Biology

English Japanese English Japanese English Japanese

1 Game ゲーム Logic 論理 Darwin’s theory of evolution ダーウィンの進化論

2 Programming プログラミング Pythagoras ピタゴラス Anatomy 解剖

3 System engineer SE Equation 方程式 Microscope 顕微鏡

4 Big data ビッグデータ Proof 証明 Mouse マウス

5 Telecommunications 情報通信 Law 法則 Ecology 生態

6 Information processing 情報処理 Theorem 定理 Food chain 食物連鎖

7 Computer コンピューター Figure 図形 iPS cell IPS細胞

8 Artificial intelligence 人工知能(AI) Pi 円周率 Clone クローン

9 ICT ICT Formula 公式 Daphnia ミジンコ

10 Deep learning ディープラーニング Prime number 素数 Cell 細胞

11 Data データ Beauty 美しさ DNA DNA

12 PC パソコン Genetics 遺伝

13 Internet インターネット Life 生命

Note: keywords in Japanese were used as stimulus for the online questionnaire.

Main study Participants

We used an online questionnaire to investigate the strength of gendered
(masculine) image of each field and the keywords on list D. This survey was
conducted on June 9, 2019. The authors contracted with NTT Research, Inc, a
research company in Japan that collected the data using their data pool. The
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company sent an email to registrants. The data was collected from a sample
matching the current demographic profile of the Japanese population by age and
sex. We collected data from 791 individuals (men = 397, women = 394) aged from
20 to 69 (mean ± SD = 47.04 ± 13.40), living in Japan. All responses were
considered valid. This study received approval by the Institutional Ethics
Committee of the University of Tokyo (no. 19-135).

Materials

Our questionnaire consisted of four parts. The questionnaire was conducted in
Japanese:

1. Profile. The respondents were asked their sex (male or female) and their age.
The research company used for this study only provides male and female as
options for sex, so we were not able to gather data for sexual minorities in this
study. Further, there are still no reliable demographic data on sexual
minorities in Japan.

2. Strength of gendered (masculine) image of each scientific field. We asked the
respondents to rate the gendered image of six scientific fields (mechanical
engineering, physics, mathematics, information science, chemistry, and
biology) on a five-point Likert scale (stronger masculine image = 5, somewhat
stronger masculine image = 4, neither masculine nor feminine = 3, somewhat
stronger feminine image = 2, stronger feminine image =1).

3. Strength of gendered (masculine) image of field-related keywords. We asked the
participants to rate the gendered image of each keyword on list D. The
answers were rated on a five-point Likert scale (stronger masculine image = 5,
somewhat stronger masculine image = 4, neither masculine nor feminine = 3,
somewhat stronger feminine image = 2, stronger feminine image =1).

4. Strength of egalitarian attitude towards gender roles. Respondents’ attitudes
towards gender roles were measured using the Japanese version of the
short-form of SESRA-S (Scale of Egalitarian Sex Role Attitudes) developed by
psychologists. SESRA-S includes 15 questions in three categories: marriage,
parenting, and work [Suzuki, 1994; Ui, 2001; Uji et al., 2006]. Each answer
was rated on a five-point Likert scale (from strongly agree to strongly
disagree). The total scores of the 15 items were calculated (ranged from 15 to
75), which shows individual attitudes towards gender roles. The higher the
total score, the more egalitarian the individual’s attitude. The reliability
coefficient was reported as 0.91 [Suzuki, 1994]. A previous study showed that
Japanese women scored higher (n = 57, mean ± SD = 57.93 ± 8.65) than
Japanese men (n = 106, 46.77 ± 10.13; Suzuki [1994]), suggesting a gender gap
in egalitarian attitudes between women and men.

Analysis

We conducted ordinal logistic regressions on the score of gendered image of each
field name as dependent variable, and egalitarian attitude towards gender roles
(SESRA-S score), respondent sex (sex), and the score of gendered image of
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field-related keywords (keywords) as the independent variables. Sex (women
served as the baseline) was coded as the categorical dummy variable. A statistically
significant level was p < 0.05. All analysis was conducted using IPMM SPSS
Statistics version 25.0.

Results SESRA-S score

The mean ± SD of the SESRA-S score was 52.55 ± 9.45 (men, 51.28 ± 9.54; women,
53.84 ± 9.19). The item “bringing up children is the most important job for women”
was rated the lowest among the 15 items (Table 2), suggesting that many
participants accepted the idea that bringing up children is a woman’s job.

Table 2. Each item and its score.

Category No Item Mean SD
(1: strongly agree — 5: strongly disagree)
Marriage 2 Important issues should be decided by husbands.* 3.93 0.94
Marriage 1 Women in high social positions have difficulty getting married.* 3.81 0.92
Marriage 4 Women at home and men at work.* 3.77 1.00
Parenting 10 Daughters should be raised to become housewives and sons to have jobs.* 3.73 0.97
Marriage 3 Working wives cause marital disharmony.* 3.67 0.98
Marriage 7 Domestic chores should be shared between spouses 3.65 1.03
Marriage 5 Working women put a strain on the family.* 3.63 0.97
Work 11 Women should work part-time because they have to raise children.* 3.50 0.98
Work 15 Women should not get a job with responsibility and competition.* 3.41 0.93
Marriage 6 No necessity to change surname after marriage 3.39 1.05
Work 12 Working outside is equally important for women 3.31 0.98
Work 13 Women should work even after having a child 3.25 0.87
Parenting 9 It is important to raise a boy to be masculine and a girl to be feminine.* 3.21 0.97
Work 14 Women do not have to work if there is no economic need.* 3.18 0.96
Parenting 8 Bringing up children is the most important job for women.* 3.09 0.98
Note: *the scored were reversed when calculating total scores of the 15 questions.

Masculine image of the six scientific fields

The mean score of gendered image was highest for mechanical engineering (mean
± SD = 3.88 ± 0.73, Figure 1) and lowest for biology (3.13 ± 0.76). The score of
gendered image was significantly different from 3 (neither masculine nor feminine)
for all fields (one-sample t-test, mechanical engineering, t = 33.80, df = 790,
p < 0.001; physics, 25.54, df = 790, p < 0.001, mathematics, t = 21.32, df = 790,
p < 0.001, information science, t = 19.28, df = 790, p < 0.001; chemistry, t = 12.95, df
= 790, p < 0.001; biology, t = 4.68, df = 790, p < 0.001). This suggests that all six
fields were perceived as masculine rather than feminine.

Gendered image of mechanical engineering

Of the 14 keywords, the mean score of gendered image was highest for “oily and
greasy” and lowest for “practical”. Regression analysis showed that the coefficients
of four keywords (“welding”, “machinery manufacture”, “tool”, “machinery
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Figure 1. Gendered image of six scientific fields. Mechanical engineering had the strongest
masculine image and biology the weakest among the six STEM fields. A score of 5 indicated
a “stronger masculine image”, a score of 3 indicated “neither masculine nor feminine”, and
a score of 1 indicated a “stronger feminine image”. Error bars show 1±SEM.

design”) were positively significant (Table 3), suggesting that a positive relationship
can be found between the gendered image of each of those four keywords and
mechanical engineering. The coefficient of respondent sex was significant,
indicating that men rated mechanical engineering as less masculine than women.

Table 3. Statistical description and result of regression analysis for mechanical engineering.

Variables Mean SD B SEM p
SESRA-S score 0.0 0.0 0.374
Sex (= men) -0.3 0.2 0.048 *

Keywords

Oily and greasy 4.2 0.8 0.2 0.2 0.267
Welding 4.1 0.8 0.6 0.2 0.000 *
Machinery manufacture 4.0 0.8 0.4 0.2 0.028 *
Tool 3.9 0.8 0.5 0.2 0.007 *
Engineer 3.9 0.7 0.2 0.2 0.172
Machinery design 3.9 0.8 0.7 0.2 0.000 *
Aircraft 3.9 0.7 0.0 0.1 0.816
Rocket 3.8 0.8 -0.1 0.2 0.738
Car 3.7 0.8 0.0 0.2 0.793
Gear 3.7 0.8 0.2 0.1 0.081
Robot 3.7 0.8 0.2 0.1 0.112
Development 3.6 0.8 0.0 0.2 0.874
Manufacturing 3.5 0.8 0.1 0.1 0.290
Practical 3.3 0.7 0.1 0.1 0.428

Note: *p < 0.05.
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Gendered image of physics

Of the 15 keywords, the mean score of gendered image was highest for “Galileo”
and lowest for “space”. Regression analysis showed that the coefficients of each of
six keywords (“Einstein”, “electromagnetic field”, “theory of relativity”,
“thermodynamics”, “principle”, “theory”) were positively significant (Table 4),
suggesting that a positive relationship can be found between the gendered image
of those six keywords and physics. Additionally, the coefficient of SESRA-S score
was negatively significant, showing that the respondents with more egalitarian
attitudes towards gender roles tended to rate physics as less masculine than
respondents with less egalitarian attitudes. The coefficient of respondent sex was
not significantly related to the gendered image of physics.

Table 4. Statistical description and result of regression analysis for physics.

Variables Mean SD B SEM p
SESRA-S 0.0 0.0 0.029 *
Sex (= men) -0.3 0.2 0.098

Keywords

Galileo 3.9 0.7 0.3 0.2 0.086
Einstein 3.8 0.8 0.4 0.2 0.012 *
Newton 3.7 0.8 -0.3 0.2 0.146
Mechanics 3.7 0.7 0.3 0.2 0.167
Electromagnetic field 3.6 0.7 1.1 0.2 0.000 *
Theory of relativity 3.6 0.8 0.5 0.2 0.001 *
Thermodynamics 3.6 0.7 0.6 0.2 0.004 *
Principle 3.5 0.7 0.4 0.2 0.020 *
Mathematics 3.5 0.7 0.3 0.2 0.067
Equation 3.5 0.7 -0.2 0.2 0.178
Theory 3.5 0.7 0.5 0.2 0.001 *
Formula 3.4 0.7 -0.2 0.2 0.310
Law 3.4 0.7 -0.1 0.2 0.724
Phenomenon 3.3 0.7 0.0 0.2 0.893
Space 3.3 0.8 -0.1 0.1 0.251

Note: *p < 0.05.

Gendered image of mathematics

Of the 11 keywords, the mean score of gendered image was highest for “logic” and
lowest for “beauty”. It is noteworthy that the scale for “beauty” was between score
3 (neither masculine nor feminine) and score 2 (somewhat stronger feminine
image). Regression analysis showed that the coefficients of each of five keywords
were significant: four (“logic”, “equation”, “proof”, “law”) were positively
significant (Table 5), and “beauty” was negatively significant. This suggests that a
positive relationship can be found between the gendered image of those three
keywords and mathematics, but a negative relationship between “beauty” and
mathematics. Additionally, the coefficient of respondent sex was negatively
significant, indicating that men rated mathematics as less masculine than women.
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Table 5. Statistical description and result of regression analysis for mathematics.

Variables Mean SD B SEM p
SESRA-S 0.0 0.0 0.089
Sex (= men) -0.5 0.2 0.001 *

Keywords

Logic 3.5 0.8 0.4 0.1 0.004 *
Pythagoras 3.5 0.7 0.3 0.1 0.065
Equation 3.5 0.7 0.9 0.2 0.000 *
Proof 3.4 0.7 0.3 0.1 0.036 *
Law 3.3 0.7 0.5 0.2 0.004 *
Theorem 3.3 0.7 0.2 0.2 0.396
Figure 3.3 0.7 0.3 0.1 0.085
Pi 3.3 0.7 0.3 0.2 0.122
Formula 3.3 0.6 0.2 0.2 0.172
Prime number 3.2 0.7 0.1 0.2 0.618
Beauty 2.2 0.8 -0.2 0.1 0.014 *

Note: *p < 0.05.

Gendered image of information science

Of the 13 keywords, the mean score of gendered image was highest for “game” and
lowest for “internet”. Regression analysis showed that the coefficients of each of
seven keywords were significant: six keywords (“game”, “system engineer”, “big
data”, “information processing”, “computer”, “ICT”) were positive, and “artificial
intelligence” was negatively significant for the gendered image of information
science (Table 6). This suggests that a positive relationship can be found between
the six keywords and information science, but a negative relationship between
“artificial intelligence” and information science. Additionally, the coefficient of
respondent sex was negatively significant, indicating that men rated information
science as less masculine than women.

Table 6. Statistical description and result of regression analysis for information science.

Variables Mean SD B SEM p
SESRA-S 0.0 0.0 0.071
Sex (= men) -0.6 0.2 0.000 *

Keywords

Game 3.5 0.7 0.4 0.1 0.009 *
Programming 3.5 0.7 0.2 0.2 0.144
System engineer 3.5 0.7 0.8 0.2 0.000 *
Big data 3.4 0.7 0.4 0.2 0.038 *
Telecommunications 3.4 0.7 0.0 0.2 0.877
Information processing 3.4 0.7 0.9 0.2 0.000 *
Computer 3.4 0.7 0.5 0.2 0.004 *
Artificial intelligence 3.3 0.7 -0.3 0.2 0.035 *
ICT 3.3 0.6 0.5 0.2 0.016 *
Deep learning 3.3 0.6 0.2 0.2 0.417
Data 3.3 0.6 -0.1 0.2 0.686
PC 3.3 0.6 -0.2 0.2 0.348
Internet 3.2 0.6 0.3 0.2 0.186

Note: *p < 0.05.
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Gendered image of chemistry

Of the 13 keywords, the mean score of gendered image was highest for “Bunsen
burner” and lowest for “medicine”. Regression analysis showed that the
coefficients of each of six keywords (“chemical formula”, chemical symbols”,
“element, “chemical reaction”, “beaker”, “medicine”,) were positively significant
(Table 7), suggesting that a positive relationship can be found between the
gendered image of those six keywords and chemistry. Additionally, the coefficients
of SESRA-S score and respondent sex were both negatively significant. This
suggests that the respondents with more egalitarian attitudes towards gender roles
tended to rate chemistry as less masculine than respondents with less egalitarian
attitudes, and male respondents rated chemistry as less masculine than women.

Table 7. Statistical description and result of regression analysis for chemistry.

Variables Mean SD B SEM p
SESRA-S 0.0 0.0 0.022 *
Sex (= men) -0.5 0.2 0.003 *

keywords

Bunsen burner 3.5 0.7 0.0 0.1 0.898
Chemical formula 3.4 0.7 0.9 0.2 0.000 *
Chemical symbols 3.4 0.6 0.4 0.2 0.045 *
Element 3.3 0.6 0.5 0.2 0.020 *
Molecule 3.3 0.7 -0.2 0.2 0.164
Benzene ring 3.3 0.6 0.2 0.2 0.342
Chemical reaction 3.3 0.7 0.6 0.2 0.003 *
Novel materials 3.2 0.7 -0.1 0.2 0.454
Mole 3.2 0.6 -0.3 0.2 0.164
Test tube 3.2 0.7 0.1 0.2 0.464
Beaker 3.2 0.7 0.5 0.2 0.002 *
Litmus paper 3.1 0.7 0.0 0.2 0.925
Medicine 3.1 0.7 0.3 0.1 0.036 *

Note: *p < 0.05.

Gendered image of biology

Of the 13 keywords, the mean score of gendered image was highest for “Darwin’s
theory of evolution” and lowest for “life”. Regression analysis showed that the
coefficients of each of four keywords (“ecology”, “clone”, “cell”, “life”) were
positively significant (Table 8), suggesting that a positive relationship can be found
between the gendered image of the four keywords and biology. Additionally, the
coefficients of SESRA-S score and respondent sex were both negatively significant.
This suggests that respondents with more egalitarian attitudes towards gender
roles tended to rate biology as less masculine than the respondents with less
egalitarian attitudes, and male respondents rated biology as less masculine than
women.
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Table 8. Statistical description and result of regression analysis in biology.

Variable Mean SD B SEM p
SESRA-S 0.0 0.0 0.002 *
Sex (= men) -0.4 0.2 0.016 *

Keywords

Darwin’s theory of evolution 3.4 0.7 0.2 0.1 0.173
Anatomy 3.3 0.7 0.3 0.2 0.066
Microscope 3.1 0.6 0.1 0.2 0.745
Mouse 3.1 0.6 -0.3 0.2 0.089
Ecology 3.1 0.7 0.8 0.2 0.000 *
Food chain 3.1 0.7 0.1 0.1 0.636
iPS cell 3.1 0.6 0.1 0.2 0.385
Clone 3.1 0.6 0.4 0.2 0.025 *
Daphnia 3.1 0.5 -0.1 0.2 0.545
Cell 3.0 0.6 0.7 0.2 0.000 *
DNA 3.0 0.6 0.2 0.2 0.142
Genetics 3.0 0.6 0.0 0.2 0.776
Life 2.8 0.7 0.5 0.1 0.000 *

Note: *p < 0.05.

Findings

– The Japanese public have a masculine image rather than a feminine image for
physics, chemistry, mechanical engineering, information science,
mathematics, and biology examined in this study (Figure 1).

– The mean score for all the keywords associated with the six scientific fields
except “beauty” and “life” were above 3 (neither masculine nor feminine,
Table 3 to Table 8), suggesting that many keywords are perceived as
masculine.

– The strength of egalitarian attitudes towards gender roles affected the
perception of gendered image for physics, chemistry, and biology. The sex of
the respondent affected perception of gendered image for mechanical
engineering, mathematics, information science, chemistry, and biology. These
results suggest that respondents who have less egalitarian attitudes towards
gender roles and female respondents are more likely to perceive those fields
as masculine. In addition, we found that several keywords in each field were
significantly related to the gendered image of the field.

Discussion In this study, we found that gendered image was strongest in mechanical
engineering, and weakest in biology. Nevertheless, the strength of gendered image
of biology was still biased towards masculine. This suggests that, in Japan, the six
scientific fields are perceived as masculine rather than feminine. This is consistent
with a previous finding for secondary school children in U.K. [Archer and MacRae,
1991]. The students rated the strength of gendered image of 17 school subjects on a
seven-point scale from masculine to feminine. IT (information technology) and
physics were rated as more masculine, and chemistry, biology and mathematics
were rated as neither masculine nor feminine. Although our study targeted adults,
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not secondary school children, the masculine image of science and especially
physics is observed in both the U.K. and Japan. However, in contrast to Archer and
MacRae’s [1991] findings, we found a masculine bias in the gendered image of
mathematics. Further research is needed to determine whether this masculine
image of mathematics is unique to Japan or is due to age difference.

Women had a stronger masculine image than men for mechanical engineering,
chemistry, biology, information science and mathematics, and not for physics.
Physics was perceived as masculine both by men and women. Japanese university
students perceive physicist as a masculine role [Adachi, 2013; Adachi, 2014], which
supports our finding that physics is perceived as masculine both by men and
women.

Participants who had less egalitarian attitudes towards gender roles as measured
by SESRA-S score had a stronger masculine image of chemistry and biology in
addition to physics. Additionally, both SESRA-S score and respondent sex were
significantly related to the gendered image of the field for chemistry and biology,
suggesting commonalities in the image of those two fields.

Based on our results, the six scientific fields arranged from most masculine
gendered image to least are mechanical engineering, physics, mathematics,
information science, chemistry, and biology. Furthermore, based on MEXT data, the
same fields arranged in order of the percentage of first-year female university
students among enrolled students from least to most are mechanical engineering
(5%), physics (16%), mathematics (20%), chemistry (31%), and biology (38%)
[Gakkō Kihon Chōsa, 2017]. This latter list excludes information science for which
there is no MEXT data. The order of the two lists is identical, suggesting a
relationship between the strength of gendered image of scientific fields and the
actual percentage of female students in each field. However, we cannot identify a
causal relationship in this study.

We identified related keywords related to each field, but we further found that
some specific keywords were significantly related to the gendered image of their
field. For example, the four keywords of “welding”, “machinery manufacture”,
“tool”, and “machinery design”, were significantly related to the gendered image
of mechanical engineering. The six keywords “Einstein”, “electromagnetic field”,
“theory of relativity”, “thermodynamics”, “principle”, and “theory” were
significantly related to the gendered image of physics. To put it another way, these
keywords are representative masculine keywords in each field. On the other hand,
keywords for information science and mathematics were both masculine and
feminine (or non-masculine). “Artificial intelligence” in information science and
“beauty” in mathematics was negatively related to the gendered image of those
fields. These results suggest that the field-related keywords are more strongly
biased in mechanical engineering, physics, chemistry, and biology, and less biased
in information science and mathematics. In a study of Japanese parental attitudes
towards their daughters’ choice of university major, information science ranked
second [Ikkatai, Inoue et al., 2019]. This suggests that parents may prefer a
less-gendered-biased field for their daughter. However, mathematics ranked eighth
out of 16 fields in the same study [Ikkatai, Inoue et al., 2019]. The relationship
between field-related keywords and the degree of public image of gender
suitability should be examined more deeply in a future study.
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In the current study, we cannot identify why participants perceive fields as
masculine or feminine. We examined the relationship between four variables:
gendered image of the field, field-related keywords, egalitarian attitudes towards
gender roles, and respondent sex. Future qualitative studies including focus group
interviews and open-ended questionnaires would be required to pursue the causal
relationships between these variables. Identifying a causal relationship would
contribute to developing a strategy to improve the gendered image of each field.

In conclusion, this study shows the gendered image of six scientific fields and
field-related keywords in Japan. Future studies should identify the mechanism by
which the gendered images of the scientific fields in Japan are constituted.
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