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Abstract

In the summer of 2015, | was asked to teach an Introduction to Engineering course for the VCU
School of Engineering Electrical and Computer Engineering department. The course was for the
fall, 2015 semester. | had not taught Intro in quite a few years, and its format had changed
significantly. With that in mind, I decided to redesign the course to be comprised of lab modules
that led instruction rather than deciding on the instructional goals and developing labs around
that. It was important that the students actually make something in the lab and that each exercise
provide opportunities to learn new concepts, build skills, exercise good study habits and review
relevant material. This course is now in its third semester and it is proving to provide an effective
way to teach students fundamental engineering concepts while engaging their attention and
stoking their enthusiasm for the engineering profession.
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In the fall of 2015, the course “Introduction to Engineering” taught to Electrical and Computer
Engineering students was fundamentally changed to accommodate the need to introduce a wider
range of electrical engineering concepts in a more engaging way. Prior intro courses used mock
robotics competitions to engage students but the learning objectives, such as fundamental circuit
analysis, Excel® and MATLAB® projects and others, were disconnected from the experiential
part of the class. In the new course, the plan was to use projects to drive learning and to develop
projects that would allow a wide range of topics to be covered in class. In addition, most of the
projects provided opportunities for overlapping concepts to be taught so that a natural rhythm of
repetition and review of concepts was established.

Program description

The labs and a summary of their learning objectives can be found in Table 1. Students used
Arduinos as a microcontroller platform for the digital Theremin and the Color to Sound projects.
In 2016, the school purchased a site license for MATLAB®, including the Fundamentals
courses. This was also heavily utilized in the course. All homework and some quizzes were
programmed on LONCAPA, an open-source learning content management system.
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Table 1: Lab projects leading to learning objectives.

Case studies taken from ethics.tamu.edu; students have breakout sessions and
prepare for mock debates on predefined case studies.

Students learn about electricity and magnetism, and how they interact. They also
learn about back-emf and observe the phenomenon on an oscilloscope. Also
provides an opportunity to discuss rotational motion, angular velocity and torque.
Simple circuit analysis; KVL and KCL. In studying all the above topics, students
practice their math skills.

Magnetic field induced by a current; forces on a ferromagnetic material because
of the current coil; linear motion; capacitor charging and discharging problems;
math problems containing In and exp functions.

Ring oscillators, voltage division, simple circuits. Electromagnetism. Simple
integral equations.

Arduino; sensors and how they work; linear transformations to translate distance
into frequency and amplitude; signals and systems; math.

How LED and light sensors work; the vidible and audible spectrum;
programming a microcontroller; math and the composition of sound.

The students thrived under this new learning environment. The second semester was taught to a
wider audience that included non-engineering students. Of those, about half converted to
engineering or started the process of converting to engineering by the end of the semester. In the
third semester, the course really hit its stride. Anecdotally, electrical and computer engineering
students who are now seniors and juniors openly admire the new Introduction to Engineering
course. Student feedback in the course evaluations is almost uniformly excellent, with only a
few comments dealing with organization, but only at a level that is natural in what is effectively
a new course.

A very important aspect of this course is the use of LONCAPA to assign practice and homework
problems and even give quizzes online. While there is some effort involved in programming the
problems, the benefit of being able to assign as many problems as we want and to have them be
graded automatically is worth it. LONCAPA allows us a full range of possible problem types and
flexibility in how we assign and grade these problems. In terms of helping us build skills and
reduce fluency illusion [1] in our students, this has been a very useful tool. In fact, it is so easy to
use, we have assigned this task to undergraduate teaching assistants.
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Figure 1: Typical week in the life of an ECE Introduction to Engineering student.

Program

1. % hour — Philosophy of “Modular” or lab-driven course work — starting on the road to
developing 21% century skills.

2. Y hour — The coilgun: the learning opportunities that arise from this one simple lab.

3. Y% hour — breakout sessions: develop problems and lesson plans associated with the coilgun
lab

4. Y% hour — Theremin lab — analog and digital
5. % hour — develop problems and lesson plans associated with the Theremin lab

6. Y% hour —introduce and demonstrate LONCAPA: Practice problems, homework problems
and exams — how LONCAPA is used to build skills and teach good study habits.

7. Y% hour — choose a few of the easier problems and have participants program them into
LONCAPA.

8. Y hour — wrap-up: round-table discussions — can we come up with another lab and mind-map
its lesson plan?

Look up the course online — https://rampages.us/vcuengineering/
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