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Abstract—The purpose of this research study is to explore the
gender imbalance presented in the Kaggle Machine Learning and
Data Science Survey. By doing comparative research of similar
studies conducted in different countries, we are able to gain an in
depth understanding of the social and systematic influences that
result in a gender disparity within the science community. The
key focus groups of our comparative studies are primary school
students, high school students and university students in STEM
degrees. By exploring each and every phase of formal education,
right from primary level up until postgraduate level, we are
able to determine the factors that affect a student’s decision
to pursue science at each and every phase of their academic
and professional career. Different methods have been used in
order to do this, the main ones being: Multilevel Modelling
Analysis, Latent Variable Growth Modelling and Goal Theory of
Motivation. These studies reveal that, there are major barriers
that discourage female students from pursuing a career in science
in comparison to their male counterparts. Female students have
to overcome: negativity from parents or peers; negative societal
stereotypes and stigmas; a lack of representation and role models
of women who are succeeding in science as well as a low selfconfidence in their own ability to succeed in a male dominated
industry. The intention of this study is to hopefully give more
insight on the solutions that have proven to be reliable in various
different countries facing similar socioeconomic problems.

I. I NTRODUCTION
The Kaggle Machine Learning and Data Science Survey
highlights two main areas of concern. The first being that,
there are significantly less women than men studying towards
STEM degrees. To be specific, only one fifth of the science
community are female. In layman’s terms this means, for every
one woman sitting in a boardroom, there are four other men
sitting beside her. The second area of concern is that, women
who have excelled in science are paid significantly less than
their male counterparts despite having an equal or even higher
level of education.
Our mission through this research is to determine why that
is. Why are there less women than men studying towards
STEM degrees AND why is the financial value of a woman
worth less than that of a man within the science community?
In order to gain a comprehensive understanding of the
diminishing number of female science students at each pro-

gressed level of formal education, our comparative studies
aimed to find the factors that influenced a female student’s
success in science as well as their continuous ambition to
pursue science at each phase of their academic journey. In the
United Kingdom and United States of America, studies were
conducted on Primary School students, High School students
and University Students pursuing STEM degrees. In primary
schools, boys and girls were mainly interviewed and surveyed
about their ambitions and enthusiasm towards science, focusing largely on their gender differences. In high schools,
students were given the opportunity to participate in different
experiments. These experiments were mainly used to determine which factors affect a student’s academic performance
in STEM based on the students’ gender and social influence.
In universities, students participated in different longitudinal
research studies. These studies focused on underrepresented
students (including women) in science degrees. Comparing
students who benefit from being a part of mentorship and
bursary programs to those who do not have access to these
privileges.
The models that were used in the above studies are:

The focus of our research is to pinpoint the key factors
that influence the quantitative differences between male and
female science graduates at each level of academia. In order
to determine this, two main features were analyzed during
our studies: (1) the factors that affect a female students’
continuous ambition to pursue science in comparison to her
male counterparts and (2) the factors that affect the success
rate of students who are underrepresented within their chosen
STEM degrees. The following results were discovered to be
major influences: Parental Support; Academic Results; Career
Perception; Teacher Encouragement; Stereotypes and Societal
Stigmas; Gender Representation; Mentorship Programs; Research Collaborations; Internships and finally Goal Setting.
Students who are continuously positively affected by these
influences show greater academic and career success.
The contribution of this work to academia is that it can be
used to develop student reforms, at significant academic levels,
that negate the impact of these societal influences on students.
For example, High School institutions in South Africa, can
implement compulsory career shadowing and career fairs in
grade 8 and 9, providing student and parent exposure to
different careers within science, reinforcing parental support,
gender representation and career perception all before the time
a student is expected to choose their core high school subjects.
One-on-one career guidance can also be provided in the
beginning of grade 11 to assist students who are still uncertain
about their career path, reinforcing their career perception
and academic focus before they are expected to apply for
University. Goal setting programs can be implemented by
teachers at the beginning of every year to reinforce student
self-concept, academic ability and teacher encouragement.
By identifying and understanding the role that these factors
play on a student, at each level of their academic career,
society is better equipped to provide tailor-made solutions to
close the gender gap within the science community. This is
significant in the social and economic impact that it plays in
our society and the generations to come.
A more descriptive analysis of these results and how they
were obtained will be presented in the Related Work and
Methodology sections. Leading us to the Final Discussion
of work where the solution to our research problem will be
concluded.
II. R ELATED W ORK
In this work, a comparative analysis of similar studies
conducted in the United Kingdom and United States of America is explored. The main focus throughout this analysis is
comparing how the results of these studies have been obtained
in relation to each other.
A. Data
In primary schools, boys and girls were mainly interviewed
and surveyed about their ambitions and enthusiasm towards
science, focusing largely on their gender differences. The data
in [2], samples over 9,000 students in their last year of primary
school.

In high schools, students were given the opportunity to
participate in different experiments, such as the projects found
in [3], with an effective sample size of 964 science students
in the ninth grade across 57 classes, as well as [6], with an
effective sample size of 401 fourteen year old students in
single sex and co-ed schools and lastly [8], with an effective
sample size of 444 high school students. These experiments
were mainly used to determine which factors affect student
performance based on the students’ genders and different
social influences.
In universities, students participated in different longitudinal
research studies. These studies focused on underrepresented
students and women in science degrees. In [5], [9], we get
to compare underrepresented students who benefit from the
privilege of being a part of mentorship or bursary programs
to those who do not have access to these privileges. The data
being compared samples 1,420 science undergraduates in one
study and 62 STEM graduates in the other.
B. Features
According to the research in [1], [2], [3], [4], [6], the key
factors that affect a students’ continuous ambition to pursue
science throughout their academic career are: support from
parents; academic ability; career perception; how science has
been taught to them; societal stigma; gender differences; a
student’s awareness of gender stereotypes and lastly representation.
Further research in [5], [9], reveal the key factors that
affect the success rate of students who are underrepresented
within their chosen STEM degrees. These factors include:
guidance from mentors; being a part of research groups;
gaining experience from internships and lastly, partaking in
goal orientation programs.
C. Models
In order to determine the reasons why there are significantly
less female graduates than male graduates in STEM degrees,
the factors mentioned above need to be explored using mathematical models that can group these factors based on each
students individual experience.
In this work, the following models have been used to gather
the results of the above mentioned factors: Multilevel Modeling Analysis, used in [2], to gather the results of students’
academic and career ambitions based on gender differences.
Latent Variable Growth Modelling, used in [4], to measure the
changes in students’outlook towards science over time, and
variation in changes among students, based on their gender
and other key influences. Goal Theory of Motivation, used
in [5], to bridge the understanding of the factors that affect
a students’ career decision, academic success and persistence
throughout their degree.
A more elaborate discussion of the implementation of
mathematical models to gather results will be demonstrated
in the Methodology section.

III. M ETHEDOLOGY

D. Results
Referring back to our initial problem, the diminishing
number of female science students at each progressed level
of formal education, the following is presented:
The factors that influence a student’ continuous ambition
to pursue science show that: support from parents encourages
students to pursue a career in science and not having that
support will negatively impact a young girls outlook on
science; achieving good grades in science positively affects
students’ persistence in science and encourages them to further
their career in science, whereas a low self confidence in
one’s own ability to excel, discourages young girls to further
pursue science; a misinformed perception of what a scientists
work day looked like, discouraged mostly girls from pursuing
a career in science; young girls prefer to learn science in
interactive settings as opposed to independent studying; the
societal stereotypes that science careers are unsuitable for
women negatively impacts a girls interest in pursuing science;
young girls naturally tend to aim for more socially “feminine”
careers; girls in single-sex schools have a stronger belief in
their ability to succeed in science compared to girls in coed schools, due to a limited amount of exposure to gender
stereotypes compared to their peers in co-ed schools and lastly,
a lack of female representation and role models in science is
a major barrier that discourages girls from pursuing a career
in science.
The factors that influence the success of underrepresented
students in STEM degrees show that: students who are guided
to view their failures as a normal part of learning as opposed
to feeling misplaced in science are more persistent in attaining
their degrees; learners who partake in research projects early
in their undergraduate degrees develop their identity in science
a lot sooner than their peers and find it easier to narrow
a clear career path based on their interests and strengths;
collaborations and internships help students find their niche in
science by constantly being exposed to different projects and
lastly, establishing an identity in science that’s in alignment
with your academic goals is key for optimal success.
E. Significance
The significance of this literature is to highlight the systematic and social influences that female students are exposed to
throughout their academic careers and how these influences
can negatively impact their pursuit in science related degrees.
From as early as Primary School level up until University
level, female students have to continuously overcome major
barriers that discourage them from further pursuing their
studies in science. This explains the diminishing number of
female graduates at each progressed level of formal education
presented in the Kaggle Machine Learning and Data Science
Survey.
These influences can impact the entire trajectory of a young
girl’s academic and professional career. Finding ways to negate
the results of these influences is important in reducing the
gender gap within the science community.

In this section, one of the mathematical models introduced
in our related work will be implemented and used to measure
the changes in students’ aspirations towards science over time.
The main focus of this work is to demonstrate how the
implementation of this model leads to the results in our study.
The model of choice is Multi-Level Modelling Analysis. A
statistical approach used to handle clustered or grouped data,
measuring the changes in data collected at varying time points.
The main advantage of this model is that it acknowledges that
pupils’ responses are contained in a set that originates from a
common source.
A. Data
The data discussed in this research is from a longitudinal
study conducted by ASPIRES (Science Aspiration and Career
Choice: Age 10-14) found in [2]. In order to gather information about students’ aspirations towards science and the factors
that influence these aspirations, a questionnaire was released
to 9,319 students from 279 primary schools around the United
Kingdom. The study intentionally sampled 248 public schools
and 31 private schools from different regions, in order to
correctly represent the national distribution of schools.
Previous research has shown that students’ interest in science diminishes between their last year of primary school and
third year of high school. In order to trace this decline, these
years were selected as data collection points, allowing us to
identify the contributory factors that affect a students’ interest
in science over time.
The questionnaire made use of a 5-point Likert scale, which
is a psychometric response scale, that allows students to
specify their level of agreement to a statement in five points:
(1) Strongly Disagree; (2) Disagree; (3) Neutral; (4) Agree; (5)
Strongly Agree. The questionnaire also encouraged students
to share more detailed information about their aspirations and
learning preferences.
B. Features
The following variables were measured using a 5-point
Likert scale: aspirations in science; peer attitudes to science;
parental attitudes to science (students’ perception of their
parents’ attitudes to science); self-concept in science; attitudes
towards school science and finally, positive views of scientists.
The following variables represented in the tables below were
categorically distributed:

the questions in the survey were scored using a 5-point Likert
scale (i.e. (1) Strongly disagree; (2) Disagree; (3) Neutral; (4)
Agree; (5) Strongly Agree). These scores were summed into
different categories, creating the latent variables in the table
below.
Table 1 presents the standardised means for latent variables
most significant to students’ aspirations in science [2].

C. Methods
Multi-Level Modelling Analyses
A statistical method that identifies a combination of input
variables that significantly impact the variation of an outcome
variable. The main advantage of this method is that it recognises data hierarchies by allowing for residual components at
each hierarchy. This allows for more accuracy in the measure
of standard error.
In this study, Multi-Level Modelling Analysis is used to
identify the combination of categorical and latent variables
(e.g. gender, self-concept in science) that best explain a
student’s change in attitude towards science over time.
The outcome variable being measured in this model is
students’ aspirations in science. The latent variables being
measured are: peer attitudes to science; parental attitudes
to science; self-concept in science; attitudes towards school
science and lastly, positive views of scientists. The categorical
variables are: gender; school; ethnicity; social class and lastly,
cultural capital.
The study was conducted in two phases. In the initial
phase, a base model was created for the outcome variable.
This model did not include any of the independent variables.
It measured the variation in students’ aspirations in science
purely based off students’ grade level. In the final phase, all
of the latent and categorical variables were included into the
model. The variables that did not have a significant influence
on the outcome variable were successfully removed leaving
only independent variables of statistical significance.
IV. E XPERIMENTS
The study began with a national survey that measured
students’ attitudes towards science. The students’ responses to

Evaluating The Latent Variables:
Parental attitudes to science: 72.4 percent of students view
their parents as people who perceive science as an important
subject to learn. 60 percent of students asserted that their parents find science interesting. These results show that parental
attitudes towards their children studying science was positive
at this age.
Attitudes towards school science: 73.8 percent of students
expressed that they’re science lessons taught them interesting
concepts. 58.1 percent of students agreed to being excited
about their science lessons. These results show that students
have a positive attitude towards school science at this age.
Positive views of scientists: 60 percent of students view
scientists as people who make a great impact in society.
66.2 percent of students view scientist as people who are
well compensated in their respective professions. 60.3 percent
of students view scientist as well-respected members of the
community. These results show that students have a positive
image of scientists at this age.
Aspirations in science: 28.5 percent of students showed
interest in establishing a professional career in science. 16.6
percent of students asserted that they would like to one day
‘become a scientist’. These results show that holding positive images of scientists, does not directly translate towards
students’ aspirations in science.
The final phase of the study made use of Multi-Level
Modelling Analysis to gather our results. The variables listed
in Table 2, show a strong association towards students’ aspirations in science [2].
Evaluating the Independent Variables:
Gender: Female students show lower aspiration in science
compared to male students.
Ethnicity: Students who are of a mixed black and white
racial group show lower aspiration in science in comparison
to students of a white racial group and South Asian racial
group.
Cultural Capital: Students who have low cultural capital
show lower aspiration in science in comparison to students
who have medium or high levels of cultural capital.

Parental attitudes in science: Students who view their parents as being supportive of science show higher aspiration in
science compared to students who don’t view their parents as
being supportive of science.
Self-concept in science: Students who have a positive selfconcept in science show higher aspiration in science compared
to students who have a negative self-concept in science.
Attitudes to school science: Students who have a positive
attitude towards their science lessons show higher aspiration
in science compared to students who have a negative attitude
towards their science lessons.
V. D ISCUSSION
The experiment presented above, demonstrated how each
independent variable contributed towards a significant amount
of variation in the outcome variable (aspirations in science),
but the effective sizes reveal that some relationships are
significantly stronger than others.
The strongest relationships with aspirations in science are:
Parental attitudes to science (effective size 0.44); Attitudes to
school science (effect size 0.53); South Asian and Chinese
Ethnicity (effective sizes) and Self-concept in science (effect
size 0.20). The remaining relationships, including gender and
aspirations, are weaker in comparison.
This tells us that, even though a students’ gender has a
significant contribution towards their aspiration in science,
parental support and how science is taught to students in
schools, is far more influential towards a students’ aspiration
in science.
VI. C ONCLUSION
Referring back to our initial research problem: There are
significantly less women than men studying towards STEM
degrees, specifically, only one fifth of the science community
are female.
Studies conducted in [7], show that the likelihood of a
female student being accepted into a science related graduate
program is 44 percent less than her male counterpart. This

results in an increasing gender disparity as students advance
into their academic careers. Our mission in this research was
to determine the reasons behind this gender disparity.
In order to gain a comprehensive understanding of the
diminishing number of female science students at each progressed level of formal education, our study explored two
main features: (1) the factors that affect a female students’
continuous ambition to pursue science in comparison to her
male counterparts and (2) the factors that affect the success
rate of students who are underrepresented within their chosen
STEM degrees.
By analysing multiple research studies conducted on students in primary school, high school and university level, we
discovered that there were major barriers that discouraged
young girls from pursuing a career in science. Young girls had
to overcome: negativity from their parents or peers; negative
societal stereotypes and stigmas about science being unsuitable
for women; a lack of representation and role models of women
who are succeeding in science; a less likelihood of being
accepted into a science graduate program or post graduate
school and lastly a low self-confidence in one’s ability to
succeed as a women in a male dominated field.
In order to close the gender gap, society needs to implement
initiatives that will negate the impacts of these influences.
Studies conducted in [5] reveal that: guidance from mentors;
being a part of research groups; gaining experience from
internships and lastly, partaking in goal orientation programs
are key for optimal success in STEM.
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