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Abstract

The social climate for women studying STEM subjects is changing, but the proportion of
women taking STEM subjects in Japan is small. Only 27.9% of university students in the
department of science is women in 2019. In this study, we used an online survey to investi-
gate whether randomly providing three types of gender equality information increased the
motivation of junior high school students to choose STEM subjects and the motivation of
their parents to support that choice. Information on STEM, especially about social equality,
and information on math stereotypes and STEM occupations, increased students’ motiva-
tions for studying STEM. This suggests that providing gender equality information is an
effective way to change students’ attitudes toward STEM.

Introduction
Changing attitudes by providing information

Information stimuli can influence attitudes. The phenomenon of being unconsciously exposed
to certain stimuli that influence a subsequent response is called behavioral priming or the
priming effect (among others, [1, 2]). Exposure to science, technology, engineering and mathe-
matics (STEM) information changed motivations towards STEM [3-7].

A study targeted upper secondary school students and followed them for five years in Ger-
many investigated whether providing income information changed high school students’
choice of field of study [7]. For the experimental group, they gave a 20-minute presentation on
income information that included the relationship between a major subject of study and later
income as well as a one-page flyer with general information on college attendance and a list of
websites for financial aid. The control group received only the one-page flyer. The results
showed that providing income information significantly affected only male student’s choices
of fields of study. Male students in the experimental group chose majors leading to better-paid
careers, but this trend was not observed in female students [7].
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Another study conducted for high school students in the US reported that a belief in success
from studying science subjects increased after reading a scientist’s story that included failures
and struggles more than another story without failures and struggles [4]. However, the study
described this small effect as a limitation of their study and discussed the need to improve the
design of intervention [4]. Another study investigated whether virtual experiences of STEM or
non-STEM jobs changed female undergraduate students’ interest in STEM courses [6]. Their
research found that students who experienced STEM jobs (computer engineer and program-
mer) using virtual reality (VR) had increased levels of interest, although this effect was limited
to participants who identified with the virtual character they were assigned in the study. The
increase of interest was not found in students who virtually experienced non-STEM jobs
(writer and editor) [6]. Additionally, a study [8] showed that information focusing on gender
similarities more than gender differences encouraged female university students to participate
in STEM.

These studies suggest that providing STEM information could change students’ motivations
for studying STEM subjects, but the effectiveness could depend on the content and the way it
was provided. Although there are many practical initiatives to provide STEM information for
girls, no quantitative study in Japan has examined whether providing this type of information
changes students’ motivations for studying STEM subjects.

Social climate for women and STEM in Japan

The social climate surrounding women and STEM is changing in Japan. First, people working
in STEM careers in mechanical, electronical, civil engineering and information technology are
in high demand [9]. The Japanese government and companies encourage girls and women to
study and pursue jobs in STEM. Second, the Act on Promotion of Women’s Participation and
Advancement in the Workplace was passed in 2016. This act requires employers with over 300
regular workers to analyze several gender issues, such as the female ratio among all employees
and managers, as well as their working hours, and report this information to the government
[10]. As a result, the percentage of women in management positions increased in several
STEM-related companies that changed their internal systems [11].

However, many Japanese people still have an image that science fields are more suitable for
men than women [12]. In many Japanese high schools, students need to choose the science
(rikei) or the humanities (bunkei) stream during high school. This choice determines their
future choice of courses at the university level. Students choosing the science stream take
advanced science classes: chemistry, physics, biology, and earth science. Some students change
their stream at high school from science to humanities or from humanities to the science
stream. One survey reported that 5.8% of students changed from humanities to the science
stream and that 8.5% changed from science to the humanities stream [13], suggesting that
these cases are limited. In other words, students’ STEM careers are likely determined before
high school. Junior high school students take science classes that include chemistry, physics,
biology, and earth science. Several studies have shown that the gender gap in the preference
for science widens at junior high school [14, 15]. A study asked 630 Japanese junior high
school students to answer how much they liked science subject by 5-point scale from strongly
like (= 5) to strongly dislike (= 1). Both boys and girls rated 3.96 on average at the beginning of
the first year, but the rating decreased to 3.48 in boys and 2.89 in girls at the third year. Boys
significantly rated higher than girls at both second and third year [15]. Today in Japan, gender
differences in academic performance in the sciences are rare. One study, Trends in Interna-
tional Mathematics and Science Study (TIMSS in 2015), measured the academic ability of pri-
mary school students (fourth year) and junior high school students (second year), finding that
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there were no significant gender differences in the scores for science [16, 17]. Also, in the Pro-
gram for International Student Assessment (PISA in 2018) measuring the science literacy of
15-year-old students (first-year high school students in Japan), the scores for sciences were the
same for boys and girls [18]. Nevertheless, fewer females are studying STEM subjects at the
university level.

What factors influence women’s choice of STEM?

We focused on three factors based on a literature survey.

Availability of STEM occupations. Engineering and information science are two disci-
plines with strong growth potential [19]. Math-intensive occupations, such as mathematician,
statistician, and physicist, also get high salaries [20]. The mean annual salary was higher in
STEM jobs (95,350 USD) than all jobs (53,490 USD) in the US in 2019 [21]. Women in STEM
jobs earn 33% more than women in non-STEM jobs. However, men still earn 14% more than
women in the same STEM jobs [22]. In Japan, according to the results of the Basic Survey on
Wage Structure in 2019 conducted by the Ministry of Health, Labour and Welfare, women
account for about 24% of natural science researchers. The average monthly salary of natural
science researchers (excluding overtime pay) is 422,000 yen, higher than the average for all
occupations of 308,000 yen, but there is a large gap between that of male natural science
researchers, 444,000 yen, and that of female natural science researchers, 355,000 yen [23]. In
the US, women dominate close to half of all jobs. However, only 25% of women worked in
STEM jobs in 2009. It has been reported that there are various possible reasons why women
leave STEM careers: a lack of female role models, gender stereotyping, and less family-friendly
flexibility [22].

Women’s underrepresentation in education. Japan is a gender unequal country. The
ranking of Japan in the Global Gender Gap Index based on health, education, economy, and
politics was 121 out of 153 countries in 2019 [24]. Especially in higher education, the percent-
age of students in Japanese universities at the bachelor’s level in 2019 was 45.4% women and
54.6% men [25]. In other words, girls and women enter university in smaller numbers than
boys and men. The percentages of the Japanese people over 16 years old who wanted a boy to
get a university education was 72%, which was higher than that of 61% in girl [26], demon-
strating that some people still consider that university education was more important for men
than women. The gender gap still exists in Japanese society. Additionally, most STEM fields
are dominated by men. The percentage of female university students studying the humanities
in 2019 was 65.3%, with even fewer taking STEM subjects: 27.9% in the department of science
and 15.4% in engineering. The percentage is also extremely low in mathematics (19.1%), phys-
ics (15.5%), and mechanical engineering (5.9%), in contrast to biology (38.8%), and chemistry
(31.6%) [27].

Conventionally, Japanese women studying at university, especially STEM subjects, are
likely to be recognized as intellectual. Some Japanese people still have a belief that intellectual
women are not preferred in Japanese society. Several cases were reported where mothers dis-
agreed with their daughters studying STEM. There was a mother who considered that this
would prevent her daughter from getting married [28]. A study pointed out that the level of
educational attainment for Japanese women can traditionally be used as an expression of the
particular culture of the middle class: females were expected to be a good wife and a wise
mother. This view was reflected in the low number of women in professional courses [29].
Parental belief also influences their children’s’ choice in science [30, 31]. Especially, the moth-
er’s belief for her daughter’s success in STEM is related to her daughter’s future STEM career.

PLOS ONE | https://doi.org/10.1371/journal.pone.0252710  June 23, 2021 3/20


https://doi.org/10.1371/journal.pone.0252710

PLOS ONE

Effect of providing gender equality information

This suggests that reducing the parents’ gender stereotyping would contribute to increasing
the number of girls taking STEM.

For years, many initiatives to encourage girls to study STEM have been conducted at vari-
ous levels. For example, a campaign called Rico-Challenge (rico means STEM in Japanese) tar-
geting junior high school girls or high school girls has been hosted by the Gender Equality
Bureau Cabinet Office of the Japanese government [32]. This campaign provides STEM infor-
mation on the Internet, for example, messages from women in STEM and several offline
events that introduce STEM-related occupations to girls. The Japan Science and Technology
Agency (JST) financially supports universities and research institutions that have programs for
girls to study STEM [33]. A Japanese publisher, Kodansha Ltd., has launched a website called
Rikejo (science girls) that provides a range of information on STEM for girls, for example, a
method to study science subjects, messages from STEM workers, a science column, and STEM
events [34]. Google’s Mind the Gap program provides seminars and workshops on computer
science for girls, with a version for Japanese girls [35]. It is assumed that these programs have
directly or indirectly contributed to the increase in the number of girls studying STEM. The
percentage of female university students increased from 18.3% in 1989 to 27.9% in 2019 in the
department of science, and from 3.4% in 1989 to 15.4% in 2019 in the department of engineer-
ing [27, 36].

However, whether and how providing STEM information motivates girls to choose STEM
for their future careers has yet to be investigated quantitatively.

Stereotype threat of math. We posit that at least three stereotyping images and beliefs
may prevent girls from studying STEM subjects. The first stereotyping image is that women by
nature are not as good at mathematics as men. In Japan, the population of female university
students is especially low in mathematics, physics, and engineering [27], which are generally
considered to be math-intensive fields [37]. Although the results are inconsistent, several find-
ings suggest that the gender difference in mathematics is lessening [16-18]. Regarding Japa-
nese students, there was no significant gender difference in the scores for mathematics in
TIMSS 2015 [16, 17]. On the other hand, in PISA 2018, a difference was reported in math liter-
acy: boys scored higher (532 points) than girls (522 points). The 10-point difference was signif-
icantly higher than the world average of 5 points [18]. TIMSS targets primary and junior high
school students, but PISA targets high school students. The difference of results between
TIMSS and PISA might be due to the differences in the students’ grade level.

However, “stereotype threats” have been reported, or that negative stereotypes of the group
that a person belongs to prevent him/her from reaching their full potential. One study showed
that females, before taking a math test, scored the same as males if they read a text statement
stating that there is no gender difference in math [38]. It is likely that girls who have a gender
stereotype that girls are not good at mathematics score lower than boys in math tests. The gen-
der gap in students’ performance varies among countries, and gender gaps are not considered
to be innate [39].

Research questions

We considered that the junior high school period is important for providing STEM informa-
tion to students. Many STEM events for junior high and high school students have introduced
“STEM occupations” in addition to interesting science. However, the information of “gender
equality in society” or “girls are good at math,” which we consider important for their motiva-
tion for STEM, are rarely shown at many STEM events.

In this study, we investigated whether the gender equality information provided related to
the listing of the factors, increased the motivation of junior high school students to choose
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STEM and the motivation of their parents to support their children. We also investigated
whether the gender equality information being provided changed certain perceptions on gen-
der equality, STEM occupations, the importance of math, and the stereotyping image and
beliefs for education, math, and women’s intellect. Research questions were:

» «

« RQ1: Does providing information on “STEM occupations”, “gender equality in society” and
“girls are good at math” increase the motivation of junior high school students to take STEM
subjects?

« RQ2: Does providing these three information motivate parents to support their children to
choose STEM subjects?

Materials and methods
Respondents

We conducted an online survey to investigate whether STEM-related information encouraged
children to choose and participate in STEM, as well as their parents to support their children’s
choice of STEM. In this study, we targeted first-year junior high school students, as they were
unlikely to have settled on an interest in STEM. Their parents were also targeted, as their sup-
port was essential for children to choose science careers.

The authors contracted with NTT Research, Inc, a research company in Japan that collected
the data using their data pool. The respondents agreed to the terms and conditions for handling
personal information when they first registered with the company as a research monitor. The
company sent an email to Japanese people who had a child in the first year of junior high school.
We explained the purpose of this survey and privacy policy on the screen before they started to
answer the questionnaire. Only parents who agreed to these conditions, and their children,
could answer the questionnaire. We collected the data in child-parent pairs from 1,089 children
(boys = 544, girls = 545) and their 1,089 parents (men = 534, women = 555). The combinations
were son and father (n = 268), daughter and father (n = 266), son and mother (n = 276), and
daughter and mother (n = 279). More than 40% of the parents graduated from university or
more. The last school they graduated were junior high school (n = 23), high school (n = 293),
undergraduate’s (n = 413), master’s (n = 51), doctor’s (n = 17), other’s (n = 2). All responses
were considered valid. This study received approval from the Institutional Ethics Committee of
the University of Tokyo (no. 19-419). The survey was conducted from March 24 to 26, 2020.

Procedures

Experimental design. The online experiment had three stages: a pre-phase, information
provision phase, and a post-phase. In the pre-phase, respondents replied to eight items (child) or
five items (parent), and four quiz questions related to text paragraphs that we provided (child
and parent). In the information provision phase, the respondents read the text. In the post-
phase, the respondents replied to eight items (child) or five items (parent), and again answered
the quiz questions (child and parent). The items and quiz questions in the pre- and post-phases
were the same. The aim was to investigate whether their responses changed between the pre- and
post-phases. The time required to complete all items and quizzes was about 10 to 15 minutes.

Questionnaire items. The questionnaire consisted of the following items.

Q1. Motivation to choose STEM. They were asked “If you want to go to university, do you
want to think positively about going on to mathematics, physics, engineering, or information
science (science and technology)? For science and engineering majors, physics and chemis-
try are the most common subjects for science examinations.”
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» Q2. Motivation to participate in STEM events. They were asked “Do you want to participate
in STEM events for junior high school students and/or high school students?”

Q3. Motivation to encourage their children to choose STEM. They were asked “When your
junior high school student is considering university, do you want to actively support your
child to go on to a science course in mathematics, physics, engineering, or information (sci-
ence and technology)? For science and engineering majors, physics and chemistry are the
most common subjects for science examinations.”

Q1 to Q3 were asked in the pre- and post-phases. Q1 and Q2 were only for children, and
Q3 was only for parents. Their responses were rated on a five-point scale from agree (= 1) to
disagree (= 5). For analysis, the scale assignments were reversed to indicate that higher scores
indicated higher motivation.

The perceptions of gender equality, of three non-stereotypical images and beliefs, and of
the perception of STEM occupations and learning were measured using six items for children
(Q4-Q9) and four items for parents (Q4-Q?7).

o Q4. SESRA-S (Scale of Egalitarian Sex Role Attitudes) score. Individual egalitarian attitudes
toward gender roles were measured using the short form of SESRA-S, which was developed
in the field of psychology. SESRA-S consists of 15 items (for example, “women at home and
men at work™), each rated on a five-point scale from strongly agree (= 1) to strongly disagree
(=5). The individual level of attitudes toward gender equality were shown by the total score
for 15 items (from 15 to 75) as the SESRA-S score [40, 41]. The higher the total score, the
higher the gender equality. The reliability coefficient of the items was reported as 0.91 [40].

« Q5. Non-stereotypical view of education. We asked the respondents how much they agreed
or disagreed with the statement “a university education is more important for men than
women” at the pre- and post-phases.

» Q6. Non-stereotypical view of math. We asked the respondents how much they agreed or
disagreed with the statement “women are not as good at mathematics as men by nature” at
the pre- and post-phases.

« Q7. Non-stereotypical view of women’s intellect. We asked the respondents how much they
agreed or disagreed with the statement “women should be intellectual” at the pre- and post-
phases.

Q5 to Q7 were asked in the pre- and post-phases. Q4-Q7 were for both children and
parents. Their responses were rated on a five-point scale from strongly agree (= 1) to strongly
disagree (= 5). For analysis, the scale assignments of Q7 were reversed. The higher scores indi-
cate less stereotyping.

« Q8. Perception about occupations. The question was “Do you think it is important to earn a
salary for a continuing occupation, such as being a permanent employee?”

o Q9. Perception about the importance of learning math. The question “Do you think that
learning mathematics will give you more job opportunities when you become an adult?” was
asked in the pre- and post-phases.

Q8 and Q9 were asked in the pre- and post-phases for children. Their responses were rated
on a five-point scale from agree (= 1) to disagree (= 5). For analysis, the scale assignments were
reversed to indicate that higher scores indicated higher motivation.

Information. We prepared four types of information. Each consisted of short paragraphs
of texts in Japanese with an illustration of a woman. The first information was on social media
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usage in Japan (referred to as “social media”, 413 words in Japanese). The second was on
STEM occupations in Japan (referred to as “occupations”, 300 words). The third was entitled
gender equal society in Japan (referred to as “society”, 448 words). The fourth was girls are
good at math in Japan (referred to as “math”, 381 words). The three information (“occupa-
tions”, “society”, and “math”) mentioned gender equality and included some sentences focus-
ing on girls, which encouraged them, but it was not included in the information on “social
media” (Examples in English are shown in S1 Text, and in Japanese in S2 Text). Information
on “social media” was used as the control information, and other three information were used
as the treatment or experimental information.

Also, we prepared four quiz questions corresponding to each information to make sure that
the respondents had read the information. As the limitation of online survey, we always have
unconcentrated careless readers. The quizzes were not to test the respondents’ reading com-
prehension, but rather to confirm that they had read the information correctly. All the respon-
dents were asked to answer the four quiz questions (either “yes” or “no”) regardless of which
information they were given. The quizzes:

»

« Quiz question for “social media”. “The most used social media in Japan is Twitter.” (correct
answer = “no”

» o«

« Quiz question for “occupations”. “One of the areas of expertise that companies are looking

for is mechanical engineering.” (correct answer = “yes”)

« Quiz question “society”. “In the Gender Gap Index (2019), which measures gender equality,
Japan was in the top 100 out of 153 countries.” (correct answer = “no”)

>

« Quiz question “math”. “Female students in Japan perform lower in mathematics than boys.’
(correct answer = “no”)

We provided four groups with combination of those information as shown in Table 1. The
existing campaigns to encourage girls to choose STEM in Japan have conventionally provided
girls with information of STEM occupations. But the information on gender equal society and
girls’ math ability have not rarely provided to girls. We thus decided to investigate what addi-
tional information of “society” and “math” would be effective, on the basis that information
“occupations” is always given. The first Treatment Group (occupations) read the information
only on “occupations”. The second Treatment Group (occupations & society) read the infor-
mation both on “occupations” and “society”. The third Treatment Group (occupations &
math) read the information both on “occupations” and “math”. Control Group (social media)
read the information on “social media”.

Groups. A pair (one child and their parent) was randomly assigned to one of the four
groups (Control Group (social media), Treatment Group (occupations), Treatment Group
(occupations & society), Treatment Group (occupations & math)). A child and their parent
were always assigned to the same group. The percentages of correct answers to each quiz ques-
tion in pre-phase by children and parents are shown in Table 2.

Table 1. Each group and combinations of information.

Group

Control Group (social media)
Treatment Group (occupations)
Treatment Group (occupations & society)

Treatment Group (occupations & math)

https://doi.org/10.1371/journal.pone.0252710.t001

Information
Social media Occupations Society Math
v
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Table 2. Correct answer (%) to each quiz questions in pre-phase.

Social media Occupations Society Math
Children 65.41 44.57 62.22 67.15
Parents 67.67 53.62 62.22 67.87

https://doi.org/10.1371/journal.pone.0252710.1002

We regressed each demographic variable on the four groups (Control Group (social media)
served as the baseline) to investigate whether the control and treatment groups were balanced.
Age, gender of the children and parents, education of the parents, and major subjects at uni-
versity (only respondents with an undergraduate degree or higher) of parents were well bal-
anced among the four groups (Table 3).

We regressed each item (Q1-Q09) in the pre-phase for the four groups (Control Group
(social media) served as the baseline) to investigate whether the four groups were balanced
(Table 4).

For children, the motivation to choose STEM (Q1) and participate in STEM events (Q2)
was balanced between the control and each treatment group. A significant difference was
found in the SESRA-S score (Q4) in the Treatment Group (occupations & math) (p = 0.043),
suggesting that the egalitarian attitude toward gender roles in Treatment Group (occupations
& math) was higher than that in Control Group (social media). Thus, while the information
was provided randomly, their egalitarian attitude was not balanced.

For parents, a significant difference was found in the SESRA-S score (Q4) between the Con-
trol Group (social media) and Treatment Group (occupations & math) (p = 0.006), meaning
that the egalitarian attitude towards gender roles in Treatment Group (occupations & math)
was higher than that in Control Group (social media). A significant difference was also found
in the non-stereotypical view of math skills (Q6) between Control Group (social media) and
Treatment Group (occupations & math) (p = 0.030), meaning that the Treatment Group
(occupations & math) disagreed that women were not as good at mathematics as men by
nature more than Control Group (social media). These results suggest that parents were bal-
anced between the control and treatment groups across observable characteristics, but not bal-
anced in their attitude of gender stereotypes. Since the differences may be related to the
outcomes, we controlled for the SESRA-S score in the pre-phase for estimating the effect of
providing STEM-related information.

Analysis

First, we regressed the scores for each questionnaire item in the post-phase minus the pre-
phase on the four groups (Control Group (social media) served as the baseline) controlling for
respondents’ profiles (parents: age, gender, education and major subject at university; children:
gender). We also controlled for baseline value (pre-phase) of SESRA-S score and response to
each quiz question, looking at whether respondents correctly answered the question (corre-
sponding to the text information) after providing information and baseline values (pre-phase)
of each outcome.

Second, to examine whether the effects of providing gender equality information differ by
gender, we added intersection terms between each group and gender to the model described
in the first analysis, and estimated it. Third, to check whether the effectiveness of the informa-
tion provision depends on the understanding, we add intersection terms between each group
and responses to each quiz question to the model described in the first analysis, and estimated
it. All analyses were conducted using IBM SPSS Statistics 25 software.
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Table 3. Profiles of the four groups of parents and children.

Variable | Explanation Raw means Difference
of variable Control Treatment Treatment Treatment (Treatment (Treatment (Treatment
Group Group Group Group Group Group Group
(social (occupations) | (occupations | (occupations (occupations))- | (occupations | (occupations
media) & society) & math) (Control Group | & society)- & math))-
(social media)) | (Control (Control
Group (social | Group (social
media)) media))
(1) (2) (3) (4) (5) (6) (7)
Age of Yearsof age | 44.88+591 | 4549+542 | 4583+545 | 4560+5.77 |B 0.61 0.94 0.72
Parents 95% Lower -0.34 -0.01 -0.23
Confidence | bound
Interval for | (ypper 1.56 1.90 1.66
®) bound
p 0.210 0.050 0.140
R® = 0.004
Gender of | =1 if Female, 0.49 0.51 0.50 0.50 B 0.02 0.01 0.01
Children | =0if Male 95% Lower -0.07 -0.07 -0.07
Confidence | bound
Interval for | (pper 0.10 0.10 0.10
®) bound
p 0.670 0.730 0.760
R® < 0.001
Gender of | =1 if Female, 0.51 0.51 0.51 0.51 B 0.00 0.00 0.00
Parents | =0if Male 95% Lower -0.09 -0.09 -0.08
Confidence | bound
Interval for | yypper 0.08 0.08 0.09
®) bound
P 0.930 0.930 0.970
R* < 0.001
Education =1if 0.45 0.50 0.42 0.39 B 0.05 -0.03 -0.06
of Parents | graduated 95% Lower -0.03 -0.11 -0.14
. fror.n Confidence | bound
university or Interval for
graduate ®) 1I)Jppe(r1 0.13 0.06 0.03
university, = oun
0 otherwise P 0.250 0.500 0.180
R® = 0.006
Major =1 if science, 0.14 0.17 0.16 0.15 B 0.04 0.02 0.01
course | agriculture, 95% Lower -0.02 -0.04 -0.05
(on(liy th engln(e;r Hllg’ Confidence | bound
graduate, or medical, = Interval for
from 0 otherwise ® Upper 0.10 0.09 0.07
. bound
university
or graduate p 0.210 0.440 0.680
university) R? = 0.002
of Parents

This table presents statistics and estimated differences between Control Group (social media: those who are provided information on “social media”, Treatment Group

(occupations: those who are provided information on “occupations”), Treatment Group (occupations & society: those who are provided information on “occupations &

society”) and Treatment Group (occupations & math: those who are provided information on “occupations” and “math”). Column (1)-(4) presents means of age and

rates of gender, education and major course; column (5) presents estimated differences between Treatment Group (occupations) and Control Group (social media);

column (6) presents estimated differences between Treatment Group (occupations & society) and Control Group (social media), and column (7) presents estimated

differences between Treatment Group (occupations & math) and Control Group (social media). Estimates in columns (5), (6) and (7) result from OLS regressions.

Significance at the one- and five-percent levels is indicated by ** and *, respectively.

https://doi.org/10.1371/journal.pone.0252710.t003
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Table 4. Motivations and attitudes in children and parents in the pre-phase.

Raw means Difference
Control Treatment Treatment Treatment (Treatment Group (Treatment (Treatment
Group Group Group Group (occupations))- Group Group
(social | (occupations) | (occupation & | (occupation & (Control Group | (occupations & | (occupations &
media) society) math) (social media)) society))- math))- (Control
(Control Group | Group (social
(social media)) media))
(1) (2) (3) (4) (5) (6) (7)
Children
Q1 | Motivation to 3.07 2.99 2.96 2.94 B -0.07 -0.11 -0.13
choose STEM 95% Lower -0.24 -0.27 -0.30
Confidence | bound
Interval for | yypper 0.09 0.06 0.03
(B) bound
p 0.372 0.198 0.113
R*= \ 0.003
Q2 | Motivation to 3.06 3.06 3.03 3.01 B 0.00 -0.03 -0.05
participate in 95% Lower -0.18 -0.21 0.23
STEM events Confidence | bound
Interval for | ypper 0.17 0.14 0.13
(B) bound
)4 0.979 0.704 0.581
R*= | 0.000
Q4 | SESRA-S score 48.95 49.75 48.66 50.29 B 0.45 -0.49 1.32
95% Lower -0.83 -1.78 0.04
Confidence | bound
Interval for | ypper 174 0.80 2.61
(B bound
P 0.489 0.453 0.043*
R*= \ 0.008
Q5 Non- 3.37 3.39 3.28 3.45 B 0.03 -0.08 0.08
stereotypical 95% Lower -0.12 -0.23 -0.07
zl’lew ‘_)f Confidence | bound
education
Intervalfor | yypper 0.18 0.07 0.23
®) bound
)4 0.723 0.274 0.271
R’ = 0.005
Q6 Non- 3.45 3.38 3.38 3.56 B -0.07 -0.07 0.12
stereotypical 95% Lower 022 -0.22 -0.04
v1ewl(<)ifumath Confidence | bound
skills
Interval for | ypper 0.09 0.09 0.27
(B bound
P 0.389 0.399 0.135
R*= 0.007
Q7 Non- 3.30 3.30 3.24 3.31 B 0.00 -0.06 0.01
stereotypical 95% Lower -0.14 -0.21 -0.13
view O,f Confidence | bound
women’s Interval for
intellect ®) Upper 0.14 0.08 0.16
bound
P 1.000 0.387 0.855
R*= \ 0.001
(Continued)
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Table 4. (Continued)

Raw means Difference
Control Treatment Treatment Treatment (Treatment Group (Treatment (Treatment
Group Group Group Group (occupations))- Group Group
(social | (occupations) | (occupation & | (occupation & (Control Group | (occupations & | (occupations &
media) society) math) (social media)) society))- math))- (Control
(Control Group | Group (social
(social media)) media))
(6] (2 3 @ (5 (6) (7)
Q8| Occupations 3.97 3.94 3.99 4.01 B -0.03 0.02 0.04
95% Lower -0.18 -0.13 -0.11
Confidence | bound
Intervalfor | yypper 0.13 0.18 0.20
®) bound
P 0.723 0.773 0.568
R’= 0.001
Q9 | Learning math 3.45 3.46 3.47 3.49 B 0.01 0.02 0.04
95% Lower -0.15 -0.14 -0.12
Confidence | bound
Interval for | ypper 0.16 0.18 0.20
(B) bound
)4 0.948 0.812 0.621
R*= 0,000
Parents
Q3| Motivation to 3.64 3.50 3.53 3.54 B -0.14 -0.11 -0.09
encourage 95% Lower -0.31 -0.28 -0.26
their c}inldr en Confidence | bound
to choose
STEM Interval for | ypper 0.03 0.07 0.08
®) bound
p 0.117 0.236 0.309
R*= \ 0.002
Q4 | SESRA-S score 50.37 50.90 49.92 52.23 B 0.51 -0.42 2.04
95% Lower -0.94 -1.88 0.58
Confidence | bound
Interval for | ypper 1.97 1.05 3.49
(B) bound
4 0.491 0.576 0.006"*
R’= 0.012
Q5 Non- 3.55 3.51 3.44 3.59 B -0.04 -0.11 0.04
stereotypical 95% Lower -0.21 -0.28 -0.13
;'lewtf)f Confidence | bound
education
Interval for |y ep 0.13 0.06 021
®) bound
p 0.659 0211 0.614
R*= 0.003
Q6 Non- 3.55 3.61 3.54 3.73 B 0.06 -0.01 0.18
stereotypical 95% Lower -0.10 -0.17 0.02
view l(()1fl lmath Confidence | bound
skills
Interval for | ypper 0.23 0.16 0.34
(®) bound
P 0.444 0.923 0.030*
R’ = \ 0.006
(Continued)
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Table 4. (Continued)

Raw means Difference
Control Treatment Treatment Treatment (Treatment Group (Treatment (Treatment
Group Group Group Group (occupations))- Group Group
(social | (occupations) | (occupation & | (occupation & (Control Group | (occupations & | (occupations &
media) society) math) (social media)) society))- math))- (Control
(Control Group | Group (social
(social media)) media))
(1) (2) (3) (4) (5) (6) (7)
Q7 Non- 345 341 3.39 3.42 B -0.04 -0.06 -0.03
stereotypical 95% Lower -0.19 -0.21 -0.18
view O,f Confidence | bound
women’s
rtellect Igter"ﬂ for | Upper 0.11 0.09 0.12
(B) bound
P 0.620 0.448 0.708
R*= 0.001

This table presents statistics and estimated differences between Control Group (social media: those who are provided Information on “social media”), Treatment Group
(occupations: those who are provided information on “occupations”), Treatment Group (occupations & society: those who are provided information on “occupations”
and “society”) and Treatment Group (occupations & math: those who are provided information on “occupations” and “math”). Column (1)-(4) presents means; column
(5) presents estimated differences between Treatment Group (occupations) and Control Group (social media); column (6) presents estimated differences between
Treatment Group (occupations & society), and Control Group (social media), and column (7) presents estimated differences between Treatment Group (occupations &
math) and Control Group (social media). Estimates in columns (5), (6) and (7) result from OLS regressions. Significance at the one- and five-percent levels is indicated

by **and *, respectively.

https://doi.org/10.1371/journal.pone.0252710.t004

Results
Quizzes

The percentages of correct answers for each quiz in the post phase by information (Table 5),
and by group (Table 6) was shown.

First analysis

The scores for each questionnaire item in the post-phase minus the pre-phase were regressed
on the four groups and covariates (Table 7).

Change in motivations for STEM (Q1-Q3). The coefficient of children’s motivation to
choose STEM (Q1) was positively significant in Treatment Group (occupations) (p = 0.029),
Treatment Group (occupations & society) (p = 0.008), and Treatment Group (occupations &
math) (p < 0.001). This suggests that providing information on “occupations”, information on
“society” and “occupations” together, or information on “math” and “society” together
increased their motivation more than information on “social media”. The coefficient of chil-
dren’s motivation to participate in STEM events (Q3) was positively significant in Treatment
Group (occupations & math) (p < 0.014).

For parents, there was a positive significant difference in the motivation to encourage their
children to choose STEM (Q3) in Treatment Group (occupations & math) (p = 0.032). These

Table 5. Correct response to quiz question in post phase.

Social media Occupations Society Math
Children 71.43 52.17 64.07 77.98
Parents 75.94 56.16 64.44 80.51

https://doi.org/10.1371/journal.pone.0252710.t005
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Table 6. Correct response to quiz question in post phase by group.

Control Group (social media) | Treatment Group (occupations) | Treatment Group (occupations & society) | Treatment Group (occupations & math)
Children 71.43 52.17 22.96 39.35
Parents 75.94 56.16 26.67 41.88

https://doi.org/10.1371/journal.pone.0252710.t006

results demonstrate that providing information on “occupations” and “math” together
increased both children’s and their parent’s motivation for STEM.

Change in stereotypical views and other factors (Q4-Q9). For children, there was a pos-
itive significant difference in learning math (Q9) in Treatment Group (occupations & math)
(p = 0.003). This suggests that providing information on “occupation” and “math” together,
which is about there being no gender gap in mathematics, improved their attitudes to math.
For the parents, positive significances were found in the coefficients of SESRA-S (Q4,

p =0.009) and the non-stereotypical views of math skills (Q6) in Treatment Group (occupa-
tions & math) (p = 0.021), suggesting that providing information on “occupation” and “math”
together increased their egalitarian attitudes and decreased math stereotyping.

Second analysis

The scores for each questionnaire item in the post-phase minus the pre-phase were regressed
on the four groups, the interaction between the four groups and the gender of respondents,
and covariates (S2 Table).

Change in motivations for STEM (Q1-Q3). There was not a significant difference in the
interaction between the four groups and gender in motivation to choose STEM (Q1) and moti-
vation to participate in STEM event (Q2) in children, and motivation to encourage their chil-
dren to choose STEM (Q3) in parents. This suggests that providing gender equality
information does not discourage STEM choices for boys.

Change in stereotypical views and other factors (Q4-Q9). For children, there was a pos-
itive significant difference in learning math (Q9) in the interaction between Treatment Group
(occupations & society) and sex (girls) (p = 0.046), meaning that the information on “occupa-
tions” and “society” together improved girls” attitudes to math. For parents, there were not a
significant difference in the interactions in Q4 to Q7.

Third analysis

To investigate relationships between groups and responses to the quizzes, we regressed the
score of each questionnaire item in the post-phase minus the pre-phase for the four groups, as
well as responses to quizzes in the post-phase and interactions between each group and
responses to quiz questions (Table 8).

Change in motivations for STEM (Q1-Q3). Coefficient of children’s motivation to
choose STEM (Q1) were positively significant in the interaction between Treatment Group
(occupations) and the correct quiz answer (p = 0.022), suggesting that children’s motivations
in the Treatment groups (occupations) increased especially in those who correctly answered
the quiz question on “occupation” compared with children in the same group who answered
the quiz incorrectly. There were no significant differences in the interaction between Treat-
ment Group (occupations & society) and the correct quiz answer (p = 0.166) and between
Treatment Group (occupations & math) and the correct quiz answer (p = 0.138), but the coef-
ficients were positive values.

The coefficient of parents’ motivation to encourage their children to choose STEM (Q3)
was positively significant in the interaction between Treatment Group (occupations & math)
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and the correct answer (p = 0.012), indicating that the parents in Treatment Group (occupa-
tions & math) who answered quiz question on “math” correctly increased their motivation
compared with those who incorrectly answered the same quiz question.

Change in stereotypical views and other factors (Q4-Q9). For children’s learning math
(Q9), a positive significance was found in Treatment Group (occupations) and the correct quiz
answer (p = 0.023); Treatment Group (occupations & society) and the correct quiz answer
(p = 0.046); Treatment Group (occupations & math) and the correct quiz answer (p = 0.036)
meaning that children who answered the quiz question corresponding to the information pre-
viously provided to them correctly increased their desire to learn math compared with those
who answered quiz question incorrectly.

For parents, regarding the non-stereotypical view of women’s intellect (Q7), a positive sig-
nificance in the interaction between Treatment group (occupations & math) were found
(p = 0.040). This suggests that the parents in Treatment Group (occupations & society) who
answered the quiz question on “occupation” and “math” decreased their stereotypical view
compared with those who answered the quizzes incorrectly.

Findings

o Children had a higher motivation to choose STEM after they read information about gender
equal society (“society”) or that girls are good at math (“math”) in addition to STEM occupa-
tions (“occupations”).

« Parents increased their motivation to encourage their children to choose STEM after they
read the information about girls being good at math in addition to STEM occupations. This
effect was stronger in those who read the information then correctly answered the quiz
question.

Discussion

We investigated whether providing three types of gender quality information motivates chil-
dren to choose and participate in STEM as well as their parents’ motivation to support their
children to choose STEM subjects. We found that information about girls being good at math
(information on “math”) in addition to STEM occupations (information on “occupations”)
increased both children’s (Q1) and their parents’ motivation for STEM (Q3). This suggests
that providing this information is an effective way to momentarily at least motivate both chil-
dren and their parents. Furthermore, since there were no gender differences in the effects of
providing this information, it is unlikely that there is a negative effect of discouraging boys
from intending to major in STEM. However, it remains unclear if they will really transform
their behavior, learn STEM and support their children to learn STEM over time.

The percentage of correct answers to quiz questions (a)-(c) before information was read in
the pre-phase was relatively low. Especially, correct answer percentage was lowest for quiz on
“occupations” (children, 44.57%; parents, 53.62%, Table 2), which asked whether mechanical
engineering was an area of expertise sought by companies. This indicates that about half of the
children and their parents had not known and recognized that people who have studied
mechanical engineering are in high demand. This knowledge gap could be one reason that
girls less often choose mechanical engineering at university. We need to be proactive in com-
munication to students that mechanical engineering is in demand in society, for example,
through STEM events for junior high school students.

On the other hand, the percentage of correct answers in the pre-phase were the highest
(66-68%) for quiz question on “math” (children, 67.15%; parents, 67.87%, Table 2), which

PLOS ONE | https://doi.org/10.1371/journal.pone.0252710  June 23, 2021 16/20


https://doi.org/10.1371/journal.pone.0252710

PLOS ONE

Effect of providing gender equality information

asked whether Japanese female students perform lower than boys in mathematics. The per-
centage of correct answers was around 70%, In other words, 30% believed that girls are not as
good as boys at mathematics. This suggests that there are still many children and parents who
have a mathematical stereotypical view in Japan. Efforts are also needed at policy level to
reduce a mathematical stereotypical view. For the question about children learning math (Q9),
it is noteworthy that information on “occupation”, “society” and “math” increased the chil-
dren’s motivation to learn math if they read the information correctly (Table 8). When reading
information on STEM, children may realize that mathematics is important to them and stimu-
late their motivation.

One interesting finding was that information on “society” did not change parents’ motiva-
tion to encourage their children to choose STEM (Q3). Information on “society” directly
explained the current gender unequal situation in Japan. This might make the parents face the
reality and feel that it would be difficult to change the situation, which might help to maintain
their gender-unequal recognition.

This online survey had limitations. First, there were many respondents who did not read
the information correctly. A study showed that many people respond to online questionnaires
without fully reading the instructions [42]. It is likely that some of the respondents in our
study only glanced at the questionnaire and responded without reading the information. We
prepared quiz questions to identify those respondents who understood the information cor-
rectly. As a result, the percentage who understood the information correctly was around 50%
for all the quizzes (Table 5). For the other 50%, those who answered incorrectly, we still cannot
identify if they did not read the information or they read the information but could not under-
stand it. One suggestion here is that just providing information is not enough to have people
read and understand it. A process to confirm whether they read the information would
improve data reliability and their understanding.

Second, we need to be careful that the effect confirmed was very temporary (about 10-15
minutes). Our results showed that children’s motivation toward STEM increased by the provi-
sion of information, but this does not mean that their behaviors change. It remains unclear
whether this effect can last over the long term or until the children choose their courses at high
school.

Third, we found that the effect of providing information on “occupations” and “math” was
stronger for parents in several cases. However, the parents in Treatment Group (occupation &
math) had higher egalitarian attitudes than other groups (Table 4). This means that although
we controlled for the differences in egalitarian attitudes among groups, we cannot exclude the
possibility that the respondents with higher egalitarian attitudes are likely to change their moti-
vation to support their children to choose STEM.

Fourth, we asked parents to participate in the survey with their children but to respond sep-
arately when answering. However, we could not confirm whether the respondents complied
with this request. As a future experiment, collecting responses from parents and children sepa-
rately might be better. The effect of providing information was not the same for children and
their parents, which suggests that it is likely that the respondents did follow our rule about
answering separately.

At last, we need to mention that most of the questionnaire items except SESRA-S score was
assessed using only one single item. Further study of the statistical validity of these items is
needed.

In summary, our findings show that providing gender equality information, especially
information on math stereotypes, and STEM occupations, is effective in increasing both chil-
dren’s and their parents’ motivation for STEM. Information on STEM occupations have been
frequently provided to children at schools and STEM-related events. Our results propose that
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actively providing information that Japanese girls do mathematics very well in addition to the
existing information providing may empower children to study STEM. Also, it would be bene-
ficial to develop policies to motivate children towards STEM through the provision of infor-
mation, as the provision of information itself is relatively low-cost activity. Further study is
necessary to investigate whether the effect of providing information lasts to motivate children
and parents over the long term.
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