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GIFTS: Project-Based Learning Modules for Introductory Engineering
Courses Scaled for Different Learning Modalities

Systems thinking, spatial visualization, and data analysis are technical skills that are important
across different disciplines in engineering. Additionally, abilities to collaborate effectively in
teams and to synthesize and communicate technical information are key “durable skills” in
student professional development. Project-based learning (PBL) is an important pedagogical
structure to inculcate these skills in introductory engineering courses.

This Great Ideas for Teaching, and Talking with, Students (GIFTS) paper describes the structure
of a one-semester introductory engineering course that incorporates two modules for project-
based learning, whose learning outcomes focus on improving these technical and durable skills.
The first module is a mechanically oriented product design that incorporates physical
prototyping. Students worked in teams to develop a three-dimensional model that can be
assembled using parts that were laser-cut from a single 8x10 sheet of wood. The second module
focuses on performing life cycle assessment to compare the environmental impacts of common
consumer goods. Student teams picked two common product choices and performed a
streamlined analysis to determine which product consumed fewer resources and/or released
fewer emissions. Prior work by the authors describes these modules in detail [1], [2].

At our institution, Introduction to Engineering is a 2-credit semester-long course that is required
for all engineering and computer science students in their first semester; ca. 650-700 students.
Social distancing mandates during the COVID-19 pandemic have given impetus towards
delivering this in-person course using online and hybrid learning modalities. Students work on the
same team of 4-5 throughout the semester on scaffolded weekly activities related to the two PBL
modules and submit weekly peer evaluations via CATME Team Tools [3].

The in-person course version (2019 and prior) consisted of two evenly split large lecture sections
that met twice weekly. Students were assigned to sit with their teams in the classroom, which had
tables arranged cafeteria-style in a large auditorium. The one-hour in-person meetings consisted
of faculty and guest lectures that were punctuated with active learning exercises like small group
discussions and iClicker responses. Undergraduate “peer leaders™ (1:25 peer leader to student
ratio) were assigned to each team; they sat near their teams and helped facilitate the active learning
exercises. This provided a “small class feel” in a large enrollment course section [4].

For the online course version (2020), all instructive lecture material was delivered asynchronously
with formative quizzes that tested the students’ engagement with the material. Course materials
required for physical prototyping were mailed to all the students. With instructor-provided lesson
plans, peer leaders conducted small group weekly Zoom “workshops” that enabled students to
work in their teams during class time on the PBL activities. Groupwork submissions from these
workshops were also graded formatively. The course was well-received by the students [1], [5],
[6]. Based on the wins from the online version, the hybrid version (2021) is planned around
asynchronous lectures and moving the weekly workshops into in-person “discussion” sections.
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