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Abstract—Data Science is an emerging program of study
which, by its very nature, is interdisciplinary. This paper explores the challenge of introducing a data science
program, given an established computer science program,
within a liberal arts institution which has a large general
education core. In addition to the challenge of creating
a new program, there are several other major challenges
surrounding the fact that the discipline of data science
continues to evolve, and accreditation criteria are currently
being developed.
Index Terms—data science, computer science, curriculum
development

I. I NTRODUCTION
Data science is an emerging discipline [1]–[6] for
which many universities are scrambling to create degree
programs. Concurrently, the Computing Accreditation
Commission (CAC) of ABET is beginning the process
of developing program accreditation criteria for data
science [7]. This will likely be similar to other computing
criteria [8] which will require programs to satisfy the
general criteria as well as additional program specific
criteria. To add to the challenge, the computer science
curriculum guidelines [9] are in the process of being
revised [10], [11].
Despite the changes afoot, there is a growing demand
for graduates of data science programs and employers
are fiercely competing for graduates of the small, but
growing, number of data science degree programs that
currently exist. The challenge for universities is how
to develop data science degrees to support the needs
of industry even as data science is trying to define
itself. Likewise, finding faculty with domain expertise
is difficult. While many early pioneers in data science
programs opted to offer Masters-level programs, the
current demand for graduates, the accreditation activities,
and the papers discussing data science curriculum [12]–
[19], suggest that there is also a strong demand for
undergraduate programs.

At High Point University (HPU), a bachelor’s degree
in computer science is in place. A concentration in
cybersecurity is also available within the degree and it
is currently servicing about 150 majors with 5 faculty
members. The department is fortunate enough to have
several new faculty lines allocated to it and is looking
to hire faculty to support and develop a data science
program. The degree will be based on existing documents that attempt to define what data science is [1]–[3],
[5], and the accreditation criteria for data science that is
being developed by ABET [7]. Using these guidelines,
the Department of Computer Science is developing a 4year data science bachelor’s degree program with welldefined computer science and math/statistics requirements as well as a domain area in which data science
is being applied. The application domain will follow a
plug-and-play model to support a variety of disciplines
including business, physics, biology, health sciences, and
others. A capstone course, taught by data science faculty
using mentors from the various domains, will have
students apply data science techniques to application
domain specific data sets in meaningful ways.
While this approach provides depth in computer science,
and substantive coverage of mathematics and statistics
in line with employer needs, it does not offer significant
depth in the application domain. Within the context of
a liberal arts institution with a large general education
requirement (50 semester credit hours), it was felt that
the coverage of domain knowledge was minimal at best.
To address this, students have an option to complete a
double degree (minimum 160 semester credits) over 5
years to provide depth and substance in the application
domain in order to more expertly and meaningfully
apply data science techniques to large, domain-specific
data sets. This paper describes the degree structure
and curriculum under development and the rationale for
decisions made. In particular, it addresses how the introduction of a data science program impacts an existing
program in computer science and what new courses are

necessary to support the data science program.
II. L IBERAL A RTS
HPU is a liberal arts institution with a general education
core of 50 semester credits which provides breadth
across numerous disciplines. HPU brands itself as a
”life skills university” which, in part, refers to the broad
liberal arts foundation that students receive, but also to
the fact the this general education core also delivers soft
or professional skills such as critical thinking, problem
solving, communication skills, research methods, ethics,
entrepreneurship, and leadership. These are all valuable
and necessary skills which are highly sought after by
employers.
In developing a data science program at HPU, it is
necessary to work within the constraints derived from
such a large general education/liberal arts core with
4-credit hour courses [20]. Fortunately, a few courses
in the general education core, such as the Quantitative Reasoning requirement, also count toward the data
science program. However, the large core restricts the
number of credits available to implement the data science
program.
III. ACCREDITATION
While there are no accreditation requirements for data
science at this time, work is underway to develop ABET
program criteria [7]. The criteria are in an embryonic
stage at this time and are unlikely to be completed and
made available for public comment until July 2020 at
the earliest. It will be at least another year after that
before the criteria are finalized and ready to be applied to
programs. However, the current thinking is that the data
science criteria will fall under the CAC and, as with other
program-specific criteria, will be required to satisfy the
general criteria [8] as well as the emergent data science
criteria. The general criteria are stable and unlikely to
change as the data science criteria are developed. To
further complicate matters, the current computing criteria
are based on the 2013 ACM/IEEE computing curriculum
guidelines [9], but new computing curriculum guidelines
are currently under development [10], [11], [21].
With the understanding that the computing curriculum
guidelines and the accreditation criteria are both currently under development, HPU is electing to build a
data science program based on what we believe are
the emerging standards. That said, the program must be
flexible and adapt to changes that will inevitably occur
within the data science accreditation guidelines over the
next 2 years. The current plan is to satisfy the ABET general computing criteria and ensure students have at least
30 semester credit hours of computer science, including
data structures and algorithms, software development,

machine learning and artificial intelligence, information
management, and an exposure to computer architecture
and organization, networking and communication, and
distributed and high-performance computing. Furthermore, students must be able to apply data science theory
and techniques to satisfy stakeholder needs. Students
also need a minimum of 18 semester credit hours of
mathematics and statistics that must include discrete
mathematics and substantial coverage of probability and
statistics. Students must also have a minimum of 6
semester credit hours of domain knowledge that provides
context for the data science activities, and must complete
a major project that requires integration and application
of knowledge from earlier course work. While topics
such as statistics, domain knowledge, and algorithms are
mandated by the proposed accreditation standards, the
actual content within those topics is not, and there is
an expectation that the content appropriately supports
the program and the institutional objectives for the
program.
Taking these computing and data science accreditation
projections, and combining them with the large liberal
arts general education requirements at HPU, the program comes close to exceeding the maximum number
of credits permitted in an undergraduate degree. The
challenge is further complicated when HPU’s 4-credit
course model is also considered since the majority of
the accreditation requirements are multiples of 3-credit
courses.
IV. CS + X
There has been significant work in exploring CS+X
where X can be almost any other discipline [22]–[24].
Typically, these programs look to see what happens when
the intersection of Computer Science and discipline X
is explored, such as Computer Science and law [25],
or biology [26], or behavioral and social sciences [27].
The proposed data science program at HPU shares some
similarities with these initiatives in that it seeks to apply
computer science to an application domain. However,
it also differs from the CS+X programs in that it also
brings statistics and probability into the mix, focuses the
computing topics covered by way of the accreditation
requirements, and requires an integrative and substantial
project that brings together computing, statistics, and
the application domain through the use of data science
theory and techniques. In short, data science is treated
as a new discipline with specific learning outcomes to
be achieved, rather than just an interesting intersection
of sometimes seemingly disparate disciplines.
V. D EGREE STRUCTURE
Table I shows the typical 4-year degree plan for Data
Science as proposed at HPU. It satisfies all of the

Table I
T YPICAL DATA S CIENCE 4- YEAR PLAN OF STUDY (128 CREDITS ).

BS in Data Science
Freshman Year - Fall

Freshman year - Spring

Course name

Credits

Course name

Credits

Introduction to Data Science (DS)
Calculus I (M, C)
First Year Seminar (C)
General education course - literature (C)
President’s Seminar (C)

4
4
4
4
1

Python Programming (DS)
Calculus II (M)
College Writing and Public Life (C)
General education course - social science (C)

4
4
4
4

Course name

Credits

Course name

Credits

Advanced Programming & Data Structures (DS)
Statistics for Data Science (DS, M)
Discrete Structures (DS, M)
Domain area & general education course (D, C)†

4
4
4
4

Database Systems (DS)
Data Visualization (DS)
Domain area course (D)
General education course - foreign language (C)

4
4
4
4

Course name

Credits

Course name

Credits

Computer Systems (DS)
Mathematics or Statistics elective (M)
Domain area course (D)
General education course - natural science (C)

4
4
4
4

AI & Machine Learning (DS)
Algorithms (DS)
Engineering and Technology Ethics (C)
General education course - religion (C)

4
4
4
4

Course name

Credits

Course name

Data Management (DS)
Cloud Computing (DS)
General education course - history (C)
elective

4
4
4
4

Sophomore Year - Fall

Sophomore year - Spring

Junior Year - Fall

Junior year - Spring

Senior Year - Fall

†

Senior year - Spring

Software Engineering (DS)
Data Science Capstone Experience (DS)
General education course - fine arts (C)
elective
Physical Education course (C)
(DS) = Data Science/Computer Science course (D) Domain area course
(M) = Mathematics or Science course (C) = General Education/core course
The most likely application domains to pair with data science are in the natural and social sciences.

constraints identified above. It leverages the existing
computer science courses to the fullest extent possible
and requires the introduction of only 5 new data science/computing courses (Intro to DS, Data Visualization,
Data Management, Cloud Computing, and the Capstone
course) and a specialized statistics course for data science. Keeping the proposed ABET criteria in mind,
the plan includes 46 hours of data science/computing
courses, 20 hours of mathematics and statistics, and 12
hours in the student’s domain area of choice. Two free
electives in year 4 allow the student to take additional
courses of their choosing, either in computing, in their
domain area, or in any other area of interest.
The application domain, similar to the CS+X paradigm,
can be almost any data-rich discipline (STEMdisciplines, health sciences, pharmacy, business, economics, meteorology, etc). The data science major

Credits
4
2
4
4
1

focuses on data science theory and techniques and
draws examples from a wide range of companion domains.
Students pursue statistics somewhat independently from
their computer and data science courses, but several
data science courses (e.g., data visualization) leverage
the statistics that the students have been exposed to
in prior courses. Similarly, the application domain is
pursued somewhat independently from the data science
courses throughout much of the degree. This was a
deliberate choice to permit a plug-and-play model for the
application domain. This allows data science to partner
with many disciplines across campus but comes at the
cost of a less integrated model in comparison to when
the data science program is bound to just one or two application domains. This is a decision that will need to be
monitored as the program is implemented to ensure that

the students are well-served. The capstone experience
integrates the statistics, application domain, and computer/data science content. Students propose a research
topic in the fall of their senior year and implement it the
following Spring. The course is taught by data science
faculty in conjunction with application domain faculty
who will help mentor the students. While the capstone
experience may heavily focus on the application of data
science theory and techniques, the work undertaken must
be relevant and useful to the application domain and
produce results that are statistically significant. This
could, for example, include working with large data
sets related to health records, geographic information
systems, astrophysics data, stock market information,
manufacturing, and much more.
The 4-year degree plan (see Table I) may satisfy the
proposed ABET accreditation criteria [7], but it does not
provide significant exposure to the application domain.
Ideally, graduates should have a much greater exposure
to the domain than is achievable within a 4-year program
given the large core at HPU. The solution is to also offer
students an opportunity to pursue a 5-year, 160+ credit
program, which provides students a bachelor of science
degree in data science and a bachelors degree in the
corresponding application domain. While many students
will not choose the 5-year option, it is important that it
be available to provide student choice, and satisfy what
we perceive to be industry demand for domain expertise
to accompany the data science sills. By spreading the
4-year program across 5 years, prerequisites can be preserved and space for additional topics in the application
domain can be interleaved throughout the curriculum.
There is also a mechanism for students to revert to a
4-year degree in either data science or in the application
domain should they decide the 5-year program is not for
them, as long as students make this decision by the end
of the Fall semester in their junior (3rd ) year.
VI. I NFRASTRUCTURE S UPPORT
HPU is fortunate enough to be able to support the
acquisition of computing equipment infrastructure to
support the development of a data science program.
Currently the department has ample resources to support
the existing programs in computer science and cybersecurity. The new data science program can leverage
the existing programs to a significant extent, especially
given that the data science program utilizes a number of
existing computer science courses. However, to create an
environment that fully supports the objectives of the data
science program to prepare students for a professional
life as a data scientist, experience with cloud computing
and large data sets is necessary [7]. While we have a
high performance computing cluster to support research,
we have elected to build a cloud computing environment

to support the data science program and researchers
across campus. The cloud environment will support
the courses and also host the large data sets used in
the program and the domain areas. Researchers across
campus will be encouraged to use the facility and store
their data sets there and make them available to students
within the program. This helps build the number of
domain areas that the students can pair with the data
science program, and provides students with a research
opportunity.
VII. C ONCLUSION
Data science is an emerging, interdisciplinary program
which already has significant and growing demand for
graduates in industry. HPU is developing a 4-year BS in
data science and a 5-year double degree in data science
and an application domain such as physics, biology,
health sciences, or business. Both of these options are
within the context of a strong liberal arts tradition
that provides the graduates with soft/professional skills
to complement their technical abilities. The challenge
facing HPU, and other institutions currently exploring
the development of data science programs at the bachelors level, is the uncertainty regarding the definition
of the discipline itself, the accreditation requirements
currently under development, and the changes that will
likely occur in the model ACM/IEEE Computer Science
curriculum.
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