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Abstract

This paper explores the concept of constructivism in the context of data
science education, arguing that an experience-centered approach can lead
to more engaging and meaningful learning experiences. Specific examples
of how constructivism can be applied in the classroom, such as through
reflective writing, meditation, and flexible assignments are provided. The
importance of creating a supportive and inclusive learning environment
and strategies for promoting collaboration and peer learning are discussed.
The feedback from students and instructors is included. Overall, the paper
emphasizes the need for educators to humanize the data science curricu-
lum and prioritize the needs and interests of students. This paper aims to
contribute to STEM education with the author’s experience and reflections.

1 Introduction

Contemporary education has undergone significant transformations due to the ad-
vent of the Internet and computers. The increased volume, variety, and velocity of
knowledge pose new challenges for both educators and learners. Constructivism
is an educational theory that emphasizes the active role of learners in constructing
their own knowledge and the importance of social interaction and collaboration
in learning [Dollard et al., 1996, Brophy, 1999]. Constructivism is better suited for
contemporary education because it engages learners in active, collaborative, and
meaningful learning experiences that develop their higher-order thinking skills,
self-regulation, and lifelong learning abilities in today’s rapidly changing world
[Steffe and Gale, 1995, Matthews, 1998, Krahenbuhl, 2016].

The main entities involved in education are teachers, learners, and subjects.
While pedagogical approaches and practices take care of all three entities, they
might be initiated, centralized, and emphasized differently. Teacher-centered
pedagogy focuses on knowledge transmission and regards teachers as the source
of knowledge. In this approach, students are expected to passively receive the
information presented by the teacher and to demonstrate their learning through
performance and evaluation [Cuban, 1993]. Student-centered pedagogy empha-
sizes the active role of learners and regards teachers as facilitators in constructing
an environment in which learners collaboratively experience. In this approach,
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students are encouraged to explore their interests and goals, to make connections
between new and prior knowledge, to solve problems and challenges, and to
reflect on their own learning process [Moate and Cox, 2015]. Subject-centered
pedagogy concentrates on the content and structure of the discipline and the de-
velopment of the expertise. In this approach, students are exposed to the original
and complex form of the subject matter, to the methods and tools of inquiry, and
to the disciplinary standards and criteria [Mascolo, 2009].

While subjects of classes are important, I believe that human agency, including
both teachers and students, is crucial for successful education and has not been
addressed adequately. I first discuss the backward design flow which puts the
learning experience at the center of the curriculum, then I present the practices
I adopted to advocate humanity in a graduate-level data science curriculum, in-
cluding the design logic, implementation, feedback, and modifications. Details of
the syllabus, assignments, project design, etc. are included in the appendix. I aim
to contribute to the community of STEM education with these teaching tips.

2 Center of the Curriculum

My practices prioritize the learning experience as the center of the curriculum. I
believe all entities – teachers, students, and subjects – are essential components
of the learning experience. Teachers act as facilitators to foster an inclusive and
stimulating learning environment, students engage and collaborate to advance
the learning process, and the subjects provide the foundation of the learning
experience. To achieve this goal, I began with the question “what should students
be upon graduation?” The answer is straightforward: a competent team member
with a desirable personality and a skill set that aligns with their domain-specific
position and life-long learning ability.

2.1 Personality

Students are expected to develop the capacity for effective interaction with oth-
ers, encompassing communication, social, teamwork, and conflict management
skills crucial for their professional journeys. These competencies extend beyond
colleague interactions to encompass dealings with clients and customers. Addi-
tionally, students should adeptly present themselves in public and collaborate
seamlessly with colleagues to achieve team objectives. Proficiency in handling
emergencies or conflicts among interested parties is also emphasized. The learn-
ing outcomes in this category include:

• Effective Communication and Collaboration: Students will excel in commu-
nicating with diverse individuals, working collaboratively in team settings,
and contributing positively to group discussions and activities. They will
demonstrate the ability to fulfill assigned roles and responsibilities.
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• Leadership and Decision-Making: Students will showcase leadership skills
when needed, take initiative in planning and organizing team activities,
and make well-informed and timely decisions. They will adeptly engage in
constructive negotiation during conflicts and effectively assign tasks based
on individual strengths and project requirements.

• Adaptability, Resilience, and Self-Reflection: Students will demonstrate the
capacity to adapt to changing circumstances and unforeseen challenges.
They will exhibit resilience in the face of setbacks or difficulties and engage in
thoughtful self-reflection regarding their contributions to the team, actively
seeking continuous improvement.

2.2 Learning Ability

Students are expected to excel in learning as data science is a field that evolves
rapidly and has a highly dynamic environment. While I aim to teach them all the
necessary knowledge, it’s impossible to teach them new concepts that currently
do not exist. Therefore, they must be adaptable and able to learn independently.
Improving their learning ability is crucial to their success. This includes not only the
acquisition of knowledge but also the development of effective learning strategies.
The learning outcomes in this category include:

• Adaptability and Continuous Learning: Students will demonstrate adapt-
ability in the rapidly evolving field of data science, showcasing the ability
to navigate and embrace new concepts as they emerge. They will inde-
pendently seek out and acquire new knowledge beyond the curriculum,
demonstrating a proactive approach to staying updated in the dynamic
environment of data science.

• Independent Learning and Resourcefulness: Students will develop the ca-
pability to learn independently, recognizing the importance of self-directed
learning in a field with constantly evolving technologies and methodologies.
They will exhibit resourcefulness in finding and utilizing learning materi-
als beyond the classroom, showcasing a proactive attitude toward their
ongoing educational journey.

• Effective Learning Strategies: Students will not only acquire domain-specific
knowledge but will also refine and apply effective learning strategies. They
will develop the skill to analyze, synthesize, and apply information efficiently,
fostering a deep understanding of data science concepts and methodologies.

2.3 Course Material

The course material is an essential component of the curriculum. However, I view
it as a means to train students to be good people and good learners, rather than
an end in itself. The course content covers both theoretical and practical aspects
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of data science. I aim to expose students to a wide range of topics, delve deeply
into some of them, and leave others for them to explore on their own. The learning
outcomes in this category include:

• Values and Ethical Decision-Making: Students will develop a strong sense of
ethical responsibility and integrity, understanding that the course material
serves as a foundation for fostering not only technical skills but also moral
character. They will demonstrate the ability to make ethically sound deci-
sions in the context of data science, recognizing the impact of their work on
individuals and society.

• Critical Thinking and Exploration: Students will cultivate critical thinking
skills by engaging with both theoretical and practical aspects of data science.
They will analyze, evaluate, and synthesize information to make informed
decisions. They will be encouraged to explore topics beyond the course
material, fostering curiosity and a lifelong learning mindset.

• Holistic Learning and Personal Development: Students will recognize the
importance of the course material as a tool for personal and professional
development rather than a mere academic requirement. They will actively
seek opportunities for holistic learning, combining theoretical knowledge
with practical applications, and view the course as a platform for continuous
growth as both individuals and learners.

The execution of the design flow is summarized in Table 1.

Outcome Assessment Grade % Activity
Course material Individual 9 Theory

Application Individual 15 Application
Learning Class 6 Learning Competition

Application, Learning Individual 10 Mini Projects
Personality, Learning Team 10 Team Discussion

All Team 5 Project Debut
All Team 5 Project Checkpoint
All Team 10 Final Presentation
All Team 10 Final Report

Learning Individual 0 Case Studies
Course Material, Learning Individual 20 Exams

All Team (3) Investment Game

Table 1: Backward Design

3 Humanizing Data Science Curriculum

Data science is a multidisciplinary field aimed at extracting insights from data to in-
form decision-making processes. It encompasses three fundamental components:
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mathematics, programming, and domain knowledge. Mathematics elucidates
the significance of data for human understanding, programming translates hu-
man commands into computer operations, and domain knowledge facilitates
comprehension and communication of data insights among individuals.

From the initiation of degree programs to classroom instruction, and from
admissions to graduations, mathematics and programming have played domi-
nating roles in every stage. Undoubtedly, these components are crucial, as they
enable us to use programs for data analysis based on statistics and algorithms.
However, it’s essential to recognize that data science, being a distinctive field,
demands learners who can analyze, synthesize, evaluate, and create knowledge
across diverse sources and domains. Additionally, effective communication and
collaboration skills are imperative, given that data scientists interact not only with
data and programs but, most importantly, with fellow humans.

While mathematics and programming emphasize objectivity, the nature of
data science involves subjective skills. Students need to gather data from clients,
collaborate with team members, and present findings to varied audiences. This
necessitates skills like communication, leadership, project management, self-
learning, and effective self-management. Adopting a constructive pedagogy is
crucial as it provides learners with opportunities to explore their interests and
goals, establish connections between new and existing knowledge, tackle prob-
lems and challenges, and reflect on their own learning journey.

3.1 Whole Person Learning

Students as learners play a vital role in the learning experience. They are humans,
but often we expect them to follow every instruction, purchase required books
and devices, complete every assignment, solve every question, and pass every
exam without emotions. The whole-person learning approach acknowledges stu-
dents as real people, who may face illness, time constraints, financial difficulties,
stress, and diverse needs and backgrounds [Yorks and Kasl, 2002]. The following
practices aim at providing support to students as individuals, thus, we can ensure
that each and every learner is actively and collaboratively engaged in the learning
experience.

Open Education Resource To remove the barrier of the cost of textbooks and
promote inclusion, I developed an Open Education Resource, titled Data Mining
with Python, free and accessible to students. This book focuses on the hands-
on approach and is designed to give students an understanding of data mining
concepts in an applicable way. The tutorials in this book will help students to gain
practical skills to implement data mining techniques in real-world scenarios. The
book serves as complementary to a theoretical course and can be accessed at
https://scholar.colorado.edu/concern/defaults/9880vs25m.
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Reflective Writing Reflective writing is an effective approach to help students
to better understand the curriculum, better understand the learning experience,
and better understand themselves and their surroundings.

For lectures, assignments, and mini projects, reflective writing can help stu-
dents look through their learning journey and ask some specific questions:

• How did you understand this lecture?
• If you had difficulties in learning this concept, what are they? How did you

overcome them?
• What was your experience working with your teammates? Did you have hard

moments coordinating with each other? How did you reach agreements
and get the work done?

• What is your takeaway from today’s lecture? Why is it? If you were the
instructor, how would you make a question and test it?

Reflective writing can help students slow down, take a pause, and think about
some big questions:

• Why do you study data science? Why do you want a job in data science?
• What do you want after successfully graduating and taking the job?
• How to stay current? How will you apply the learning techniques for new

techniques in the future?

Reflective techniques we can have for this task are Loop Writing and Collabora-
tive Learning Questions for individual thinking, Dialectical Notebooks and Writing
in the Zone in a group for team thinking, and Process Writing for deeper and
complete thinking overall. Readers can find more details of the techniques and
examples at https://www.lehman.edu/institute-literacy-studies/wac/
critical-reading.php.

The use of reflective writing has been successful in achieving its intended
purpose. Various activities in the course, including team discussions, theoretical
portions of assignments, and summary and reflection components of exams,
involve reflective writing. At the outset, students often struggle with this type
of thinking and writing. However, with regular and consistent practice, I believe
they have come to appreciate the value of reflective writing. I hope that they will
continue to develop this habit even after graduating.

Some example questions I used for team discussion are:

• What are the three things you learned in today’s class? What are the two
things DIFFERENT than your understanding before today’s class? What is
the one topic you’d like to have in Exam 2?

• What are the three similarities between classification and regression? What
are the two differences between them? Explain one similarity or difference
in detail with examples.
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• From the four categories of clustering methods we learned, choose three for
comparison with examples. How do the twopartitioning methods – K-Means
and K-Medoids – differ? Explain one real-life scenario in which we can apply
DBSCAN.

• What is your one sentence summary of this presentation (by a team)? Write
one aspect that you like most about their presentation. Provide one sugges-
tion that you think the team should improve.

Meditation Transitioning students from their busy schedules into the classroom
requires consideration and a gradual approach. Providing them with time and
establishing a routine is essential for creating an effective learning environment.
One way to facilitate this transition is through meditation or a ceremony that
embodies the unique atmosphere of our class.

In the past, I used to play piano music before lectures, but I recognized that not
all students share the same taste, and some even dislike it. Consequently, I have
shifted my approach. Instead of piano music, I now play recent news snippets and
connect them to the course material. For instance, I discuss the 2021 trend of the
“metaverse,” the 2022 renaming of “Facebook,” the 2022 successes and failures of
Zillow’s real estate model, and topics like the Fed’s fight against inflation and the
rise of interest rates. This strategy encourages students to ponder the relevance
of current events to the upcoming lecture, fostering engagement throughout the
class.

Flexible Assignments We often have to meet the expectations of a very diverse
classroom. Some experienced students may want to get more advanced material,
some students simply love to take challenging questions and learn under stress,
and some students simply just want to learn the basics and cannot tolerate frus-
tration at all. To create a comfortable learning experience for everyone, I designed
flexible assignments. The flexibility is achieved through multiple formats:

• There are mandatory assignments that are required for all students. How-
ever, some questions are optional. Students can accept the challenge and
advance their learning by taking the optional questions, they can also ignore
the challenge and just finish the required questions. A sample assignment
is shown in Figure 1 in the appendix.

• There are optional assignments and students need to finish a certain number
of them, but not all. For example, we had 20 mini-projects which are all real-
life case studies. Students need to finish 10 of them to get full credit. While
some students finished all 20, some students just finished 10 and skipped
the rest. The average completion number is 15. A sample mini project is
shown in Figure 2 in the appendix.

• There are optional assignments and students are not obliged to finish them
at all. These assignments may be additional readings, self-exploratory ad-
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vanced topics, or learning new Python packages. A sample optional assign-
ment is shown in Figure 3 in the appendix.

The flexible assignments in addition provide students with a lot of opportunities
to make choices and to know themselves better, which are the essential skills for
their success in their careers.

3.2 Whole Person Teaching

Teachers play an important role in the learning experience as well. We are hu-
mans, but often we are expected to be perfect. Whole-person teaching approach
recognizes our imperfections as real people, who may be in a sad mood, who do
not know every method, who may not know current memes, and who may have a
hard time picking up new technology. The following practices aim at providing
support to teachers as individuals, thus, we can ensure that learners have a clear
and acceptable expectation of their educators in the learning experience.

Teaching Philosophy To establish the expectations of the course, I developed a
30-minute presentation addressing the teaching philosophy in the first class. With
this presentation, students will know exactly what they are expected to do so they
can plan accordingly. The teaching philosophy is a higher-level syllabus, which
often works as the contract for each class. It provides students with a detailed
understanding of my approach to teaching, as well as insights into my personal
interests, such as my fondness for World of Warcraft. During the presentation,
I emphasized my definition of learning and my expectations for students to be
diligent learners.

Meal Interviews To keep current, I want to create and maintain a routine that is a
stable, open, and concentrated channel for getting inputs. Dr. Michael Wesch in his
TEDxMHK talk introduced his experience in lunch interviews with students (readers
can access the video at https://youtu.be/SP7dbl0rJS0). I borrowed that idea
and conducted weekly/biweekly meetings with students, industry practitioners,
and academic colleagues. During the meetings, we didn’t do small talk but directly
got to the business. To encourage open and frank communication, I kept all
interviews anonymous. I found conducting interviews to be an extremely valuable
experience. Without sitting down with my students and spending an hour talking
with them, I wouldn’t have been able to gain such a deep understanding of their
true feelings. Furthermore, the interviews, even though they took place in a
restaurant, set up an expectation that we would be discussing serious topics.
Colleagues, particularly practitioners in the industry, went above and beyond my
expectations. Some takeaways from the interviews are:

• I know many students are beginners, and you are trying to make everyone
comfortable. However, the practices and assignments required are too
easy and too boring for me. I have industry experience and I am way more
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advanced than others, but I still have to do the assignments. I felt like I was
wasting my time.

• I like how you designed the course. It is unique and I love to learn by doing.
I wish we could do in-class tutorials for every topic we learn.

• You should be more assertive with students. We are from a culture where
professors won’t smile at you.

• You did a wonderful job in explaining the theoretical background of the
topics, but I want to see more real-life examples and intensive coding.

• The optional mini-projects are great, but I just don’t have time to do them.
Please make them mandatory.

• For the lectures, I really like yours. But, you should look at [another Profes-
sor]’s assignments. They are very challenging, but I feel very good after I get
them done.

• I understand team project is good for learning. I just don’t like teamwork,
and I don’t want to push team members to do the work. Either I don’t care,
or I have to do everything. I prefer to do the project on my own.

• Your slides, videos, and other course materials are so complete (so some-
times I feel I will still be fine if I skip some classes).

• We hire talent, not a tool. We do not expect the student to know everything.
However, we want to hire someone who can learn quickly (in a team).

• Our company is in a bad position, and it will remain falling next year (2023).
Students should be prepared to compete with laid-off employees.

• In a lot of cases, what you have done is not that important, but what you
can deliver is.

• My department [English and Communication] actually cares about data and
data analysis. We learned and used Machine Learning and AI for research
and teaching too.

• Everyone is busy. If you have a problem, ask around, but don’t just wait for
answers. Do some research quickly by yourself.

Based on these (and many other) comments, I made adjustments to my courses:

• I modified assignments, and made some questions optional, but more chal-
lenging. By modifying the assignments, you have given students more
choices and made the class more accessible to students with different skill
levels and backgrounds. The optional challenging questions provide an op-
portunity for students who want to push themselves, while the mandatory
questions ensure that students receive the necessary knowledge.
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• I added many applicable, case-study style, hands-on tutorials for the con-
tent this semester. It is a great way to help students apply what they’ve
learned and make the content more engaging. Students recognized the
value of these tutorials and found they are useful as complementary to the
introduction of theoretical background in lectures.

• For 20 mini projects (almost two mini projects per week), I set up 10 as the
threshold to get the full credit. Students don’t have to do all, but they cannot
drop all. This, again, provides flexibility. By setting a threshold, I encourage
students to complete a reasonable amount of work while still allowing them
to choose which projects they want to focus on. The other thing I learned, is
that students want to have all projects unlocked at the same time, so they
can plan, even if these projects are due in different weeks.

• I delivered the comments from industry practitioners. It helps prepare stu-
dents for real-world situations and gives them a better understanding of
what is expected of them in their future careers.

• I added some in-person-only activities, which are also a good way to engage
students who might otherwise prefer to attend classes online.

• I weighted a lot in their presentations, and this emphasis on communication
skills and presentation ability is a valuable lesson for students. They need
to understand that being able to communicate their ideas effectively is just
as crucial as being able to code.

Survey in Exams I included a mandatory survey in exams and the survey is
worth 5% of the grade. In this way, I can get feedback from students, and make
some changes in the course so students know their opinions matter. The survey
has become a regular part of exams. I made the survey anonymous to encourage
students to provide more candid feedback. Similar to the meal interviews, the
survey has been incredibly beneficial in helping our understanding of students’
perspectives. Most importantly, when students see that I make immediate adjust-
ments to the course design based on their feedback, they feel acknowledged and
are more willing to collaborate with us to enhance the course. Additionally, each
semester brings a different cohort of students, and while some activities may be
well-received by the current cohort, I must remain open to making changes in the
future based on feedback from subsequent cohorts. The questions I asked in the
survey are:

• How do you feel about this exam? How shall we improve it for the next
exam?

• How do you feel about our homework so far? What should be improved for
the rest of the homework?

• How do you feel about our class so far? What should be improved for the
next half of the course?
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• How do you feel about our mini projects so far? What should be improved
for the next semester? For the 17 projects, shall we make 10 rather than 7 as
required?

• How do you feel about our class so far? What should be improved for the
next semester?

• What is your favorite activity in this class? What is the least?

3.3 Humanizing Subjects

Flipped Classroom To foster a subject-centered community, I implemented
several student-led lectures in the form of a flipped classroom activity. We suc-
cessfully implemented a student-led lecture activity in the Data Structure course,
which proved to be very effective. In each class session, students were given 7 to 10
minutes to introduce a topic of their choice, after which we continued the lecture
based on their presentation. This activity not only engaged the students but also
demonstrated that the classroom was a collaborative space. It also encouraged
them to learn how to find resources, deliver knowledge, and allocate their time
wisely. However, to ensure the success of this activity, it is crucial to provide clear
and detailed instructions to the students; otherwise, they may feel confused and
lack direction. A sample flipped classroom activity is shown in Figure 5 in the
appendix.

Cheat-sheet Competition Summarizing a subject is an important aspect of
the learning experience and serves as a valid assessment for achieving learning
outcomes. As such, we require students to prepare cheat sheets for their exams
and hold a competition for the best cheat sheet. The winner will be selected
through a vote among both the students and the instructor. This competition
motivates students to strive for excellence and improve their understanding of
the course material. Moreover, the peer-review process enables students to learn
from each other’s strengths and weaknesses, which enhances their knowledge in
all three subjects. A sample cheat-sheet competition activity is shown in Figure 6
in the appendix.

Learning in Cohort Because the cheat-sheet competition proved to be highly
successful during the fall 2022 semester, I decided to break it down into several
smaller activities for the spring 2023 semester. For weekly assignments, there will
be a section called “Learning in Cohort,” which requires students to find and share
the best resources available for a given topic in the discussion board. They must
also provide reasons for choosing their selected resources. The most popular
resource, as determined by the number of likes, will earn its author a small reward,
such as being exempt from the next assignment. A sample learning in cohort
assignment is shown in Figure 4 in the appendix.
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Course Project Course projects play a crucial role in determining the final grade
and facilitating students in achieving the outlined course objectives. This semester,
we’ve provided comprehensive instructions for the course projects, with no re-
strictions on their scope. To help students stay on track, we’ve established four
milestones, each aligning with a significant phase of the course project.

In week five, students will accomplish milestone 1, the project debut. Following
this, in week 10, students are required to present their progress in milestone 2,
known as the project checkpoint. Week 15 marks the completion of the final
presentation, designated as milestone 3. Finally, in week 16, students are expected
to submit their final report, concluding the series of milestones. This structured
approach ensures a step-by-step progression through the course project, aligning
with the semester timeline.

To facilitate student learning, we have started to candidly point out their errors
and imperfections, even though we know this may be frustrating for them. It’s
important to recognize that happiness does not equate to wellness. We hope that
students can learn from their mistakes and imperfections and use that knowledge
to improve their performance in future projects, ultimately preparing them for
success in the real world.

To foster critical thinking, we introduced the Investment Game. In the initial
three milestones, which involve public presentations, students take on the dual
roles of presenters and investors. As they assess the presentations and projects of
other teams, their task is to identify the most promising team and allocate their
tokens accordingly. Recognizing the teams with the highest token counts, we
have the top three team awards. The leading team rewards its investors with a
remarkable 1000% return, the second team with 500%, and the third team with
300%. Investors face token losses if they invest in teams that do not make the top
three. Determined by the number of tokens each investor gathers, we have the top
three investor awards. This engaging activity stimulates the cohort to attentively
listen, observe, and refine their skills in discerning valuable lessons while honing
their evaluative abilities.

For these project milestones and investment game, please find the details in
Figure 7, 8, 9, 10, and 11 in the appendix.

4 Conclusion and Future Work

Many of these pedagogical practices can be applied to STEM in general, as they
can help students develop critical thinking, creativity, communication, and collab-
oration skills that are essential for STEM fields. Moreover, they can help students
appreciate the ethical and social implications of STEM applications, and foster a
culture of inclusion and diversity in STEM education and careers. However, some
disciplines in STEM require absolute objective and independent thinking, which
puts different challenges to education. Applying data science pedagogy to STEM
in general may require some adaptation or customization to fit the specific needs
and characteristics of each discipline or context. It may also require collabora-
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tion and coordination among different stakeholders in STEM education, such as
educators, researchers, practitioners, policymakers, etc.

The Supreme Court recently ruled that Affirmative Action violates the Con-
stitution and ended its use in higher education. This decision has significant
implications for college admissions, as it eliminates the consideration of race
as one of the factors to increase the representation of historically marginalized
groups. Minority and underrepresented students may face more disadvantages
due to social class, income, and other factors that affect their access and oppor-
tunities to quality education. However, it is not the end of diversion, equity, and
inclusion in pedagogy. We will and must be adaptive to this change, and continue
to construct a DEI learning environment for all humans.
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A Sample Assignments

Figure 1: Assignment 5
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Figure 2: Mini Project: I Love Music!

Figure 3: Optional Assignment: Graph Algorithms

Figure 4: Learning in Cohort
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B Flipped Classroom

Figure 5: Flipped Classroom Exercise

C Cheat-sheet Competition

Figure 6: Cheat-sheet Competition
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D Course Project

Figure 7: Course Project – Milestone 1 – Debut

Figure 8: Course Project – Milestone 2 – Checkpoint
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Figure 9: Course Project – Milestone 3 – Final Presentation

Figure 10: Course Project – Milestone 4 – Final Report
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Figure 11: Investment Game Round 1
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