
WIP: Python for Everyone as a Mathematics GE
Course: Broaden Participation and Enhance Data

Science Career Pipeline
Wendy Lee

Department of Computer Science
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Abstract—This work-in-progress (research-to-practice) paper
describes our approach to designing a General Education (GE)
Math course, aimed at enabling students not majoring in Com-
puter Science (CS) to learn and apply computer programming
in their own fields of study. Research has shown that underrep-
resented groups face barriers such as economic and educational
disparities, and cultural biases, which limit their access to Data
Science (DS) and Artificial Intelligence (AI) education. Given the
rapid growth of these technologies, the critical need for a diverse
and inclusive workforce is increasingly evident. To address this,
educational opportunities tailored for these groups are essential.
Our course, Python for Everyone, is a Mathematics/Quantitative
Reasoning GE offering and a core requirement for our BS-DS
program, designed to meet these needs. It welcomes students
from all disciplines, integrating programming skills with math-
ematical concepts, thereby democratizing access to DS and AI
skills, and fostering interdisciplinary collaboration. The course
design ensures students from various majors can recognize the
relevance and application of computer programming in their
fields. This paper delves into the curriculum’s theoretical foun-
dations, its structure, and the outcomes. Notable achievements
include enhanced gender and diversity representation: 39% of
the participants were female, surpassing the 25% in traditional
CS majors, and the enrollment of underrepresented minority
(URM) students reached 19%, compared to 7% in typical CS
courses. These outcomes demonstrate the course’s effectiveness
in fostering diversity, inclusion, and accessibility in DS education.
Python for Everyone serves as a pioneering model, guiding
students, particularly from underrepresented backgrounds, and
providing a pathway to successful careers in DS and AI. Our
ongoing efforts involve conducting more surveys and assessments
to refine our course, focusing on incorporating more real-world
applications to highlight the relevance of DS across disciplines,
aiming for a more inclusive workforce, and assessing the impact
of this course in enhancing educational and career opportunities
for URM students. We believe this paper is a valuable resource
for educators dedicated to enhancing GE quantitative reasoning
courses and broadening career opportunities in CS, DS, and AI
for students from underrepresented groups.

Index Terms—Diversity concerns, Computing skills, Interdis-
ciplinary

I. INTRODUCTION

In recent years, Data Science has grown significantly,
becoming influential in fields like finance, health care, and
scientific research [1], [20], [30]. This growth has created a
high demand for skilled data scientists, while also highlighting
the need for a diverse and inclusive workforce. Currently,
underrepresented groups such as women, racial and ethnic
minorities, and those from lower socioeconomic backgrounds
face significant challenges, with limited opportunities in Com-
puter Science and Data Science [2], [6], [33], [34]. Prevailing
stereotypes reinforce the idea that women do not belong in
these fields. [13], [22], [25]. Although Data Science offers
unique opportunities to bridge these gaps, women represent
only 15% to 22% of professionals in the field, with just 18%
holding leadership positions at leading tech companies [5].

To address these disparities, we introduced Python for
Everyone, a Mathematics/Quantitative Reasoning General Ed-
ucation (GE) course. General Education in the United States
refers to a broad curriculum that provides students with
a well-rounded foundation of knowledge and skills across
various disciplines, regardless of their major. Unlike previous
initiatives focused on specific majors, our course meets the
Mathematics/Quantitative Reasoning GE requirement while
introducing Python programming for practical mathematical
applications. This inclusive approach makes data science and
computing accessible to all students from any major. This
course is also a core requirement of the BS Data Science
program, providing a solid foundation in both mathematics
and programming [28].



This paper provides a comprehensive overview of the
curriculum development process for Python for Everyone.
We explore the theoretical frameworks and concepts used in
designing the course and highlight their relevance to Data
Science applications. By sharing our experiences, we aim to
guide similar initiatives promoting diversity and inclusion in
Data Science.

II. RELATED WORK

A. Entry-Level Computer Programming Courses for Non-
Computing Majors

In recent years, data-centric introductory computing courses
have encouraged non-computing majors to explore program-
ming. Erkan and Lee bridged the gap between Computer
Science courses for majors and non-majors by enhancing a
non-majors course focused on tabular data [14]. Liu et al.
developed an entry-level data science course tailored for non-
computing majors with positive results at Rochester Institute
of Technology [24]. Burridge and Fekete designed a first-year
data science course teaching Python through practical patterns,
providing foundational skills for both majors and non-majors
[8]. UC Berkeley’s ”Foundations of Data Science” (Data 8)
course emphasizes real-world applications and societal im-
plications while nurturing computational skills, diversity, and
ethical awareness [36]. However, these courses focus on using
libraries like Scikit-Learn, Pandas, Matplotlib, and NumPy
without covering underlying mathematical concepts.

B. Integrating Computer Programming and Mathematics into
the Data Science Curriculum

Early career experiences in Data Science underscore the
need for students to understand how computer science, math-
ematics, statistics, and applied fields intersect [11], [19].
Integrating computer science into the mathematics curriculum
has been advocated in recent studies [12], [15], [19]. Kao
calls for integrating computer science courses into traditional
mathematics to bridge the gap between theory and application,
catering to applied math majors and equipping them with
relevant knowledge for data science, machine learning, and AI
[19]. Vı́rseda introduces theoretical computer science concepts
early in the undergraduate mathematics curriculum, showing
positive impacts on student performance [12]. Such integration
demonstrates how programming can deepen understanding
of mathematical theories and their applications, yet these
integrated courses are not designed for non-computing majors.

III. CURRICULUM DEVELOPMENT

A. Python for Everyone: Filling the Gap in Data Science
Education for Non-Computing Majors

Python for Everyone addresses a gap in introductory pro-
gramming courses by integrating mathematics and program-
ming techniques for non-computing majors to solve real-world
problems. Current data-centric courses focus on programming
libraries for data analysis without covering underlying mathe-
matical concepts, and integrated CS-math curricula often cater
primarily to computing and math majors. To address this, we

developed Python for Everyone, a General Education (GE)
course that merges introductory statistics with Python pro-
gramming. It provides early exposure to the interdisciplinary
nature of Data Science for students across disciplines. Drawing
from well-established literature, the course aims to enhance
student engagement and participation by expanding the range
of GE courses in CS.

Key factors driving this initiative include:

• Interdisciplinary Engagement: Computing courses
should incorporate interdisciplinary perspectives, enrich-
ing students’ understanding [9], [10], [21], [27], [35].

• Increased Participation: Diverse perspectives in com-
puting can boost participation in Data Science [4], [23].

• Inclusivity for Other Majors: Integrating programming
into a math GE course makes programming more acces-
sible to students from various majors [17], [18].

B. Theoretical Frameworks

Our curriculum emphasizes inclusive pedagogy, active
learning strategies, and authentic projects. Collaborative learn-
ing fosters a supportive community, teamwork, and commu-
nication skills. The course is designed based on best practices
in Computer Science Education, aiming to:

• Provide relevant and practical instruction and assignments
[23], [29].

• Foster a supportive and welcoming environment [4], [32].
• Use diverse assessments for feedback to students and

instructors [3], [37].
• Implement Universal Design for Learning (UDL) and

promote active learning via pre-class videos, hands-on
exercises, group projects, and problem-solving activities
[7], [16], [31].

IV. CURRICULUM OVERVIEW

A. Python for Everyone Concepts

Python for Everyone introduces Python programming and
essential mathematical concepts, accessible to students from
various backgrounds with no prior programming experience.
The course aims to equip students with skills for careers in
Data Science and covers:

• Python Programming Fundamentals for Data Science:
– Basic syntax, data types, control structures
– User-defined functions
– Mathematical libraries: Pandas, NumPy, SciPy
– Data visualization libraries: Matplotlib, Seaborn

• Mathematical Concepts in Data Analysis:
– Central tendency, variability, normal distribution
– Standardized scores, sampling distribution, standard

error
– Hypothesis testing, T-tests, One-way ANOVA, Chi-

squared test
– Correlation and Regression

• Effective Communication of Insights from Data



B. Course Structure
Python for Everyone is an inclusive and interactive in-person

course that blends pre-class videos, concise lectures, hands-
on activities, and collaborative group projects. All materials
are organized in Canvas, our Learning Management System
(LMS). An interactive digital textbook [26] allows students to
learn at their own pace, including homework exercises with
adaptive learning and automatic grading for prompt feedback.
Each class session features an instructional assistant providing
immediate, personalized support during hands-on activities.

1) Pre-class Learning and Formative Assessment: Pre-
class videos cover upcoming topics, and short quizzes assess
comprehension before class (Fig. 1). This approach enhances
student preparation and fosters productive in-class discussions.

2) Classroom Activities and Summative Assessment: The
class comprises four components: Lecture, Hands-on Activi-
ties, Discussion, Group Projects, and Assessment.

• Lecture: Live coding using Google Colab, a cloud-based
platform for writing, executing, and sharing Python code,
exemplifies programming concepts (Fig. 2).

• Hands-on Activities: Students work independently or
collaboratively on assignments using Google Colab.

• Discussion: Students share solutions, challenges, and
successes with the class.

• Group Term Projects: Students collaborate in groups
to complete a month-long data analysis project using
datasets relevant to their interests and applying their skills
to solve real-world problems. At the end, each group
presents their project results in class.

• Assessment: Individual tests, group projects, and exams.
This interactive approach empowers students with practical

knowledge, enabling them to confidently apply Python and
mathematical principles in Data Science.

Fig. 1. Example of a pre-class video in Canvas and the corresponding quiz
question, with closed captioning provided as an option.

C. Assess Pre- and Post-Course Student Expectations and
Feedback

Survey analysis of pre- and post-course expectations and
feedback provides valuable insights into the effectiveness of
our Python programming course and its impact on students.
The goal is to identify strengths and areas for improvement
while broadening access to Data Science education.

Fig. 2. Example of a Google Colab notebook with lecture materials

1) Pre-Course Student Expectations: A pre-course survey
gauges students’ expectations and motivations for enrolling
in Python for Everyone. It collects data on their coding
knowledge, Data Science interests, and career aspirations,
helping us tailor the curriculum to meet their needs.

2) Post-Course Student Feedback: A post-course survey
gathers feedback on the learning experience, curriculum,
teaching methods, assignments, and resources. It assesses
student satisfaction and identifies areas for improvement.

3) Survey Analysis: Comparing pre- and post-course sur-
veys helps assess how well the course meets students’ expec-
tations and learning objectives.

TABLE I
UNDERGRADUATE ENROLLMENT STATISTICS ACROSS DIFFERENT TIERS

AT UNIVERSITY1 IN AY 2022-2023

Average Fall 2022 to Fall 2023 * Headcounts Female URM
All Colleges * 26,277 48% 34%
College of Science * 2,695 48% 22%
Computer Science major * 777 25% 7%
Data Science major (Fall 2023) 234 24% 9%
Python for Everyone * 135 39% 19%

V. RESULTS

A. Python for Everyone Bridges Gender and Minority Gaps

In 2022, we launched the Python for Everyone course with
encouraging outcomes. The course, integral to the data science
major, attracted a diverse student body. Notably, 51% of
enrolled undergraduates were from non-Data Science and non-
STEM disciplines (Fig. 3). The course improved gender and
diversity representation, with 39% female participants (com-
pared to 25% in Computer Science) and 19% underrepresented
minority (URM) students (versus 7% in Computer Science,
see Table 1). Our institution is located in California, where
underrepresented minority (URM) students typically include
those from Hispanic or Latino/a/x, Black or African American,
Native American or Alaska Native, and Native Hawaiian or
Other Pacific Islander backgrounds, as they are historically



underrepresented in higher education, particularly in STEM
fields.

In fall 2023, we introduced our BS Data Science (BSDS)
program, which had demographics similar to BS Computer
Science (BSCS). However, Python for Everyone featured a
more diverse student body, highlighting its appeal to a broader
range of students (Table I).

Fig. 3. Non-Data Science Students completed Python for Everyone in
AY2022-2023 by Majors.

Most notably, Python for Everyone drew a notable interest
from Latinx students, constituting 13% of the participants,
along with 6% representation of Black/African-American stu-
dents. This result holds considerable importance, given that
prior to the course’s introduction, Computer Science majors
witnessed meager representation with only 5% Latinx students
and 1% Black/African-American students.

B. Gender and Minority Representation in Course Outcomes

Our data reveals higher success rates among female and
Non-URM students. Specifically, 83% of female students
completed the course successfully, compared to 78% of male
students. Non-URM students had an 82% success rate versus
71% for URM students. Conversely, URM students had a
higher DFW (Drop, Fail, Withdrawal) rate of 29% compared
to 18% for Non-URM students. These disparities underscore
the need to address underlying factors to create an equitable
academic environment.

C. Pre-course survey highlights students’ motivations in
learning programming

The pre-course survey reveals that students are optimistic
about learning Python and have clear expectations for the
course. Key highlights include:

• Motivations: Learning Python for personal, professional,
and community growth, applying it to personal life and
future careers.

• Interdisciplinary Interest: Exploring Data Science, Bioin-
formatics, UI/UX design, and expanding programming
knowledge for job opportunities.

• Technical Skills: Building skills for a career as a financial
analyst and recognizing programming’s versatility.

• Future Goals: Preparing for future careers and master’s
degrees in Data Science or Computer Science while
fulfilling programming requirements.

D. Students’ Post-course Reflection and Feedback

To improve future student success, we analyze post-course
surveys to identify strengths and challenges. This helps us
implement strategies to enhance learning and course outcomes.

1) Key Strengths:

• Engaging Learning: An engaging, interactive environ-
ment with multimedia resources and hands-on activities
makes learning enjoyable and memorable.

• Practical Projects: Authentic projects involving real-world
data analysis help students apply Python skills and pre-
pare for career opportunities.

• Supportive Environment: An inclusive and supportive
atmosphere encourages participation, collaboration, and
seeking help from instructors and peers.

2) Areas for Improvement:

• Clarifying Complex Topics: Some students need more
clarity on complex topics. We will provide additional
explanations, examples, and resources to improve com-
prehension.

• Balancing Course Pace: To accommodate varying learn-
ing speeds, we will adjust the course pace and offer
supplementary materials for self-paced learning.

• Timely Feedback on Assessments: Timely feedback is
crucial for student progress. We will establish realistic
grading timelines, use automated grading tools, and en-
courage peer review and self-assessment.

VI. CONCLUSION

This paper outlines our experiences in designing the Python
for Everyone course as a Mathematics/Quantitative Reasoning
GE course, focusing on promoting broader participation and
pathways to Data Science careers. We incorporate theoretical
foundations such as inclusive pedagogy, and active learning
strategies to create an engaging learning environment, foster-
ing fundamental programming skills, critical thinking, and a
deep understanding of mathematics in Data Science.

We identified course strengths through analysis, including
well-structured content, engaging teaching methods, relevant
assignments, and meaningful group projects, resulting in pos-
itive changes in students’ perceptions of Python programming
and Data Science. Areas for improvement were also iden-
tified via survey analysis, highlighting the need for clearer
instruction, timely feedback, and balanced course pace. Using
these insights, we refine the course to enhance future learning
experiences and align with the evolving needs of Data Science
students.

Our goal is to share the challenges, lessons learned, and
ongoing efforts to guide similar initiatives and encourage
innovative approaches to advancing diversity and accessibility
in Data Science.
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