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Abstract
The importance of data science and engineering (DSE) education cannot be overstated and
undergraduate education offers a critical link in providing more DSE exposure to students and
expanding the supply of DSE talent. Currently significant progress has been made in classwork,
while progress in hands-on research experience is still lacking. To help fill this gap, we propose
to create data-enabled engineering project (DEEP) modules based on real data and applications
to be easily and widely adopted by other institutions. This project has recently been funded by
the National Science Foundation (NSF) under the Improving Undergraduate STEM Education
(IUSE) program. In this work, we will share our ideas, the rationale behind the proposed
approach, the proposed tasks for the project and the plan of evaluation.
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Introduction
Data science is emerging as a field that is revolutionizing the world. A 2018 National Academies
report – Data Science for Undergraduates: Opportunities and Options 1 states that “Work across
nearly all domains is becoming more data driven, affecting both the jobs that are available and
the skills that are required. As more data and ways of analyzing them become available, more
aspects of the economy, society, and daily life will become dependent on data.” A recent study
by IBM found more than 2.3 million data science and analytics job listings in 2015, and
predicted that demand for data scientists will soar 28% by 2020 2. The National Academies
report concludes that undergraduate education offers a critical link in providing more DSE
exposure to students and expanding the supply of DSE talents. DSE education requires both
appropriate classwork and hands-on experience with real data and real applications. While
significant progress has been made in the former, one key aspect that yet to be addressed is
hands-on experience incorporating real-world applications. Specifically, it is insufficient for
undergraduate students to be handed a “canned” data set and be told to analyze it using the
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methods that they are studying. Such an approach will not prepare them to solve more realistic
and complex problems, especially those involving large, unstructured data. Instead, students
need repeated practice with the entire DSE cycle beginning with ill-posed questions and “messy”
data 1. To this end, the following gaps have been identified. (1) There is a lack of real data and
application based learning materials for students to learn different aspects of DSE relevant to
their life experiences and future job requirements. (2) There is lack of real data and application
based research experiences or projects for students to practice the entire DSE workflow. To help
fill these gaps, we have proposed to create data-enabled engineering project (DEEP) modules
based on real data and applications to be easily and widely adopted by other institutions. The rest
of the paper is organized as the follows. In Section 2, we discuss limitations of the existing
efforts and the proposed approach. The planned tasks are discussed in Section 3. The project
evaluation plan is presented in Section 4.
The limitations of the existing efforts and the proposed approach
It has been recognized that textbooks and traditional lecture courses may offer limited help in
developing students’ capability in applying the theory and methods to solve real, complex
problems 1. There have been some efforts that integrate real projects and real data into DSE
education. However, there are many limitations, such as increased time, organizational, and
pedagogical demands, and other burdens on instructor3,4; challenges in solicitation of live
projects 4; difficult to find assignments that motivate all students[16]; may not have immediate
applications. More importantly, there is no learning materials generated from these efforts that
can be widely adopted for enhancing DSE education at other institutions.
To address the above-mentioned limitations, we propose to develop data-enabled engineering
project (DEEP) modules guided by the latest research on experiential learning theory (ELT).
Experiential learning (EL) is the process of learning through experience, and is more specifically
defined as “learning through reflection on doing”5,6. In addition, course-based undergraduate
research experience (CURE) is a form of experiential learning that promotes all EL components
in a positive cyclical and spiral learning process. As most DSE applications are open-ended
research problems and learning an entire DSE lifecycle is really a research experience, the latest
research on CURE provides excellent guidance for assembling DEEP modules into research
projects. In particular, a 2019 study found that short CURE modules are an excellent alternative
to more complex and costly whole-course CUREs and provide measurable metacognitive
benefits to students8. Another benefit of short CURE modules is that they can be flexibly insert
into existing curricula8,9. Therefore, we further propose to adapt the short CURE module
mechanism to assemble DEEP modules into short DEEP-CUREs that will be inserted into six
existing DSE courses. The level of complexity of a DEEP-CURE for a particular curriculum can
be easily adjusted by including different DEEP modules to fit into the existing syllabus, while
offering repeated practices on different steps of the DSE lifecycle.
Planed tasks
To achieve the project goals, we plan to first develop three industrial Internet-of-Things (IIoT)
enabled laboratory engineering testbeds (LETs) to generate real data based on real-world
applications. Then we will develop DEEP modules based on LETs to cover different steps of
DSE lifecycle, and DEEP-CUREs to cover entire DSE lifecycle. Finally we will assemble and
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test DEEP modules and DEEP-CUREs in six existing DSE courses. Data will be collected and
analyzed to evaluate and improve the DEEPs. Data will also be collected and analyzed to test the
hypothesis that DEEPs can enhance students’ reflection and metacognition.
One major obstacle of integrating DSE education into all STEM disciplines is that not all
academic programs will be able to accommodate the addition of a designated DSE course with
all other programmatic requirements currently in place. Another obstacle is that any changes to
the curriculum that requires significant effort from faculty or staff would be difficult to sell and
would not be adopted widely. In the proposed framework, the DEEP modules serve as the
supplementary materials to existing STEM courses. In other words, the basic concepts and
fundamental principles to be learned remain the same and are taught in the same way as in a
traditional STEM class. The DEEP modules can be used to replace/supplement some of the
textbook examples and homework problems. Therefore, the proposed DEEP module approach
can effectively address the above-mentioned obstacles.
We plan to test the developed DEEP and DEE-CURE modules in six engineering courses from
four different disciplines: Chemical Engineering, Electrical and Computer Engineering,
Computer Sciences, and Mathematics and Statistics. We hypothesize that ELT guided DEEP
modules, especially those designed for students to answer important reflective questions in DSE,
together with DEE-CUREs, will significantly enhance students’ reflection and metacognition.
Metacognition refers to the ability to reflect upon, understand, and control students’ learning10,11.
Extensive research has indicated that metacognitively aware learners are more strategies and
perform better than unaware learners10–16. Metacognition has two major components: knowledge
about cognition and regulation of cognition. The former includes knowledge about self and
strategies, how to use strategies, and when and why to use strategies. The latter includes
planning, information management strategies, comprehension monitoring, debugging strategies,
and evaluation. In this project, a widely used 52-question Metacognition Awareness Inventory
(MAI) will be used to quantify students’ metacognition awareness gains. The scores will be
analyzed and compared categorically and holistically to test our above-mentioned hypothesis. By
reviewing the MAI questions, we expect that DEEPs will mostly enhance the “regulation” aspect
of metacognition. However, it is possible that the “knowledge” aspect, such as knowledge about
strategies and how to use strategies could be enhanced as well. The findings will add evidence to
CUREs’ effectiveness in DSE education and in enhancing metacognition in general. The
findings will also add knowledge to ELT in DSE education, and provide a model of ELT guided
DEEP module design for addressing specific aspects of ELT.
Project evaluation plan
The project will be evaluated independently by Auburn Center for Evaluation (ACE). ACE is a
member of the American Evaluation Association, the Southeast Evaluation Association, and the
American Educational Research Association. The holistic model of evaluation will be used to
evaluate this project. Data will be collected focusing on the key aspects of the project: Creating
DEEP modules and incorporating them into STEM courses. To that end, numbers of modules
created and curricula modified, participants served, evaluation of student products, numbers of
hours spent in researching and developing modules, as well as evidence of student knowledge
gains will be measured.
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