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Is girls’ academic performance in math really lower than that of boys?
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• The proportion of female undergraduates is low in STEM, whereas it is 
high in schools of education, the humanities, and the arts.

• The share of women among higher-education graduates in STEM fields 
ranks last out of 47 countries, and the gap between this share and 
women’s share across all fields is also larger than in other countries.
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Motivation and Research Question

• The gender gap in math performance was little explained by the low 
proportion of women who pursue STEM majors.

• Could the determinants of pursuing STEM majors differ between males and 
females? 

• Although both male and female took high school education under the same 
institutional setting and are formally on equal footing between genders, 
there may exist environments, educational quality, or psychological pressure 
within the current institutional setting that, in practice, deter female 
students from pursuing STEM? 

• What is the main driver of the gender gap in STEM choices in higher 
education?
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Relevant Literature (comparative advantage?)
• Parents’ educational attainment is low, performance gaps in STEM subjects have little influence on the choice of STEM 

majors in higher education (Contini et al., 2025).

• Using data from public high schools in Ontario, where students are assigned into different tracks, the gender gap in 
pursuing STEM majors at university can be largely explained by differences in the share of students who are “STEM-
ready,” meaning they have taken—and earned adequate grades in—the mathematics and science courses required in the 
final year of high school. Even among female students whose achievement was already high in Grade 11, they are less 
likely to take required STEM courses such as physics or calculus in Grade 12 (Card & Abigail, 2021). → Need to focus more 
on the path prior to choosing the majors (At a majority of high schools in Japan, students will choose either science or 
liberal arts tracks at G11).

Two important drivers to female students away from STEM majors at high schools:

(1) Female ratio
• A 10-percentage-point increase in the female share of a student’s incoming cohort lowers women’s probability of choosing STEM majors 

by 1.4 percentage points and raises men’s by 0.9. A higher female share leads girls to underestimate their own comparative advantage
and avoid STEM majors. Girls with a female role model—specifically, a mother working in a STEM field—are less susceptible to such peer 
effects (Brenøe & Zölitz, 2020).

(2) Local percentile rank within the school
• A higher within-school rank in mathematics increases the likelihood of choosing a STEM major (Delaney & Devereux, 2021).After 

controlling absolute ability, female students whose STEM performance rank relatively higher within their class are more likely to choose a 
STEM track—both choosing the science track in high school and a STEM major at university. For boys, this effect is small or not 
statistically significant. This comparative advantage mechanism explains 12–18 percent of the roughly 34-percentage-point gender gap in 
STEM track choice in high school (Goulas et al., 2024). 5



Relevant Literature (confidence?)
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Figure 1: Difference between the deviation value (hensa-chi) of a student’s 
first-choice university and the student’s actual  deviation value by gender
(=a proxy of confidence)

Figure 2: Students’ actual  deviation value by gender (=a 
proxy of absolute ability)

Female students are less likely than males to pursue for highly selective institutions after controlling for absolute ability. A
10-percentile drop in confidence reduces the probability of applying to an elite preparatory class (CPGE) by 3.2 percentage 
points (Hakimov et al., 2023).
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Data
• In anonymous Prefecture A, Company B administered private mock-exams for preparing university 

entrance exams. 12 schools agreed to use their data for this research. Company B’s mock exams are widely 
administered nationwide in Japan and has a large number of examinees. Company B provides the mock-
exams 3 times a year for Grade 10, 4 times a year for Grade 11, and 6 times a year in Grade 12, which 
mock tests are taken—and how many times—are decided at the school level.

• For this study, we constructed a panel dataset for students enrolled in Grades 10–12 during academic 
years of 2020–2022. Note that the sample is not nationally or Prefecture representative.

• The dataset includes the choice-list of which universities and departments students wish to attend at each 
time of mock-exam and the list of university and departments they actually applied, and finally enrolled in. 
It also includes their initial aspirations regarding track choice at G10—for example, whether they “firmly 
decided to choose science track at G10” (called Sharp in this study) and “Wants to choose the science 
track, but still undecided at G10” (called Fuzzy in this study).

• The advantage of this dataset are that (1) it allows us to observe how students changed their track from 
Grade 10 through Grade 12, and (2) it reveals at which stage and for what reasons students altered their 
intended track.
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Variable Description 
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• The deviation value what is called “hensa-chi”: a statistical index (mean=50, sd=10) widely used in Japan to express how a 
student’s test score compares to the national (or test-taking group’s) average. It is conceptually similar to a standard score 
(z-score) but is rescaled for easier interpretation for teachers and students. 

• The definition of STEM majors: in the field of science or engineering.

(Note) Brenøe and Zölitz (2020) define STEM according to the International Standard Classification of Education (ISCED): natural sciences, mathematics, and statistics (ISCED-05); 
information and communication technologies (ISCED-06); and engineering, manufacturing, and construction (ISCED-07).  

Absolute ability in math
Absolute STEM advantage
Confidence

Local percentile rank in math
Comparative STEM advantage



Descriptive statistics (Whole Sample)
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Descriptive statistics (STEM)
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Definition of “STEM”: Students who firmly decided to choose science track at G10 and wanted to choose the science track, 
but still undecided at G10



Kaplan-Meier Survival Curve

11

Whole

Grade11 Grade12Grade10

STEM

Grade10 Grade11 Grade12



Model
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𝑖𝑖：𝐼𝐼𝐼𝐼𝐼𝐼𝑖𝑖𝐼𝐼𝑖𝑖𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼

𝑠𝑠： 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝐼𝐼

𝑠𝑠： 𝑠𝑠𝐼𝐼𝐼𝐼𝑠𝑠𝑠𝑠

𝑡𝑡： 𝑡𝑡𝑖𝑖𝑡𝑡𝑡𝑡

𝑌𝑌𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖： 𝑂𝑂𝐼𝐼𝑡𝑡𝑠𝑠𝑠𝑠𝑡𝑡𝑡𝑡（Drop STEM）
𝑋𝑋𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 ： Female Ratio

𝛾𝛾𝑖𝑖：Class Fixed Effect

𝛿𝛿𝑖𝑖：Indivitual Fixed Effect

𝜁𝜁𝑖𝑖：Mock Exam Fixed Effect

Z’𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖：Vector of Control Valuables

（local_percentile_rank_math, math_sd, df_dev, pass_non_general,female_ratio,local_relative_math_rank, relative_math_sd）
𝜀𝜀𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖：Error Terms

𝑌𝑌𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 = 𝛼𝛼𝑋𝑋𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝑍𝑍𝑍𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝛽𝛽 + 𝛾𝛾𝑖𝑖 + 𝛿𝛿𝑖𝑖 + 𝜁𝜁𝑖𝑖 + 𝜀𝜀𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖



Results: Whole sample
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 Results are consistent with previous literature.
 A female ratio within class (female_ratio) is negatively correlated with the likelihood of choosing STEM majors and 

switching to Liberal Arts  (although it is unclear whether this effect differs by gender).
 A local rank in math (local_percentile_rank_math) is correlated with with a lower probability of dropping from STEM 

and switching to Liberal Arts.
 A higher absolute ability in math(math_sd) is negatively correlated with the likelihood of choosing STEM majors and 

switching to Liberal Arts.



Results: STEM
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 A female ratio within class (female_ratio) is negatively correlated with the likelihood of choosing STEM majors and 
switching to Liberal Arts  (although it is unclear whether this effect differs by gender).

 A local rank in math (local_percentile_rank_math) and absolute STEM advantage (Relative_math_sd) are correlated 
with with a lower probability of dropping from STEM and switching to Liberal Arts .

 A higher absolute ability in math(math_sd) is negatively correlated with the likelihood of switching to Liberal Arts.



Results: Whole Sample * after Grade11
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 For female, local rank in math (local_percentile_rank_math) and comprative STEM advantage 
(local_relative_math_rank) are correlated with with a lower probability of dropping from STEM and switching to Liberal 
Arts .

 A higher absolute ability in math(math_sd) is negatively correlated with the likelihood of switching to Liberal Arts.



Results: STEM * after Grade11
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 For female, absolute STEM advantage(relative_math_sd) and compative STEM advantage (local_relative_math_rank) 
are correlated with with a lower probability of dropping from STEM.

 A female ratio within class (female_ratio) is correlated with with a lower probability of switching to Liberal Arts.



Results: Mechanism on why and when “STEM” gave up
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Female students are affected by local rank in math . If a student’s local rank in math falls at G11 relative to G10, the 
probability of choosing STEM fields becomes lower. 

(Note) Local_top: a dummy variable equal to 1 if a student’s local_percentile_rank_math was in the top 50 percent in 
Grade 10.
relative_math_sd_top: a dummy variable equal to 1 if a student’s Relative_math_sd was in the top 50 percent in Grade 10.



Results: Mechanism on why and when “STEM” gave up
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Female students are affected by absolute STEM advantage. If a student’s Relative_math_sd falls at G11 relative to G10, the 
probability of choosing STEM fields becomes lower. (For men, the probability of choosing STEM increase.)

(Note) relative_math_sd_top: a dummy variable equal to 1 if a student’s Relative_math_sd was in the top 50 percent in 
Grade 10.



Results: Mechanism on why and when “STEM” gave up
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Female students are affected by comparative STEM advantage . If a student’s local_relative_math_rank falls at G11 relative 
to G10, the probability of choosing STEM fields becomes lower. 

(Note) relative_local_math_rank_top: a dummy variable equal to 1 if a student’s local_relative_math_rank was in the top 
50 percent in Grade 10.



Results: Effects of female ratio 
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When the female ratio is high, the probability of dropping from the stem even with negative_local, negative_relative_math_sd and 
negative_local_relative_math_rank doesn’t increase.



Policy Implication
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 The increasing number of women-only admissions (comprehensive selection for women only in STEM departments) and other diverse 
admission systems may increase the likelihood of women choosing STEM fields.

 The necessity of incorporating major guidance that takes into account the different influences of gender and STEM aspirations on major 
choices.

 As previous studies mentioned, encouraging active contact with role models of female is also a possible effective measure to avoid 
underestimating comparative advantage.
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Preference


	The Gender Gap in STEM:�The Evidence from Japanese High School Mock-Exam 
	Is girls’ academic performance in math really lower than that of boys?
	Gender gap in STEM majors in higher education
	Motivation and Research Question
	Relevant Literature (comparative advantage?)
	Relevant Literature (confidence?)
	Data
	Variable Description 
	Descriptive statistics (Whole Sample)
	Descriptive statistics (STEM)
	Kaplan-Meier Survival Curve
	Model
	Results: Whole sample
	Results: STEM
	Results: Whole Sample * after Grade11
	Results: STEM * after Grade11
	Results: Mechanism on why and when “STEM” gave up
	Results: Mechanism on why and when “STEM” gave up
	Results: Mechanism on why and when “STEM” gave up
	Results: Effects of female ratio 
	Policy Implication
	Reference
	Appendix
	Preference

