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Abstract

In this paper, we present a five-week summer internship preparatory program for electrical and
computer engineering transfer students that addresses technical and professional internship
preparatory needs through distance learning format. The program was delivered virtually and
provided a comprehensive experience of technical skill building (Python, electronics, machine
learning, app development) and professional development (soft skills workshops,
industry/alumni engagement, and campus resources). The program concluded with students
presenting their final projects and submitting a project report. Top performing students received
research internship opportunities provided by our faculty. The costs and benefits associated with
virtual programs as they compare with traditional in-person programs are discussed.

Introduction

Increasingly, engineering students are expected to have a strong record of technical skills as well
as professional development skills before they enter a globally competitive workforce [1-4].
Typically, students attain these skills at the university through a myriad of ways, including
coursework, student organizations, engagement with peers and faculty, and hands-on project
experiences.  The COVID-19 pandemic has hindered student experiences as many programs
were cancelled or expected to move virtually [5-6]. Particularly for transfer students, whose
time-to-graduation is shorter than students who begin as a freshman, delays in acquiring these
experiences can have drastic impacts on their ability to obtain internships and opportunities in
the summer following their first year of university [7-8]. In response to the need for a
distance-learning based format during the COVID-19 pandemic, a preparatory program was
developed during the summer of 2020 to train incoming transfer students on professional and
technical skills. While the program was developed in response to the pandemic, it lays the
foundation for future deployment of a virtual remote learning program that may better prepare
incoming students without the challenges related to an in-person format. The design of this
program may allow departments and institutions to extend their outreach efforts, recruitment, and
student preparation to students nationally or internationally.



Program Design and Format

The program was designed as a five-week format that is equivalent to one summer session in the
quarter system. The program's target goals included (1) increasing student experiences on
important technical skills, (2) increasing student professional development skills, and (3)
providing students with opportunities to advance their careers.  The program was organized into
a morning session focused on technical development and an afternoon session focused on
professional development. Lesson plans were scheduled five days a week during a regular work
week.

Fig. 1. Major technical and professional topics introduced in the five-week program.

In the technical session, important topics such as Python, microcontroller and circuit basics,
machine learning, 3D modeling, PCB design, and app development were covered. These topics
were selected as they lend themselves to preparation for certain advanced coursework in the
department curriculum. In the professional session, networking, resume building, industry and
faculty interaction, campus resources, mock interviews were introduced in the form of guest
speakers or workshops. In the last week of the program, students implement the skills they
learned from the program through live mock interview sessions with alumni and completing a
final project in any one of the areas of hardware, app development, and machine learning. On the
final day of the program, students gave a live presentation to faculty, staff, and students to
demonstrate their projects and describe the learning outcomes of completing their project.

Machine Learning Lessons



We deliver a compact yet comprehensive machine learning course utilizing the remote meeting
platform Zoom [9] and cloud computing platform Google Colab [10].  The course consists of
lecture learning and online programming practice. For lecture learning, we went through a
comprehensive introduction to machine learning technologies with several in-depth topics,
meanwhile we limited the overall difficulties of the content to balance the breadth and depth in
the compacted schedule. The lecture contents cover 1) the machine learning topics where typical
methods such as linear regression [11] and K-nearest neighbors [12] are introduced, 2) the deep
learning topics focusing on multi-layer perceptron [13] and convolutional neural network with an
application of image classification [14]. The lecture learning provides the necessary knowledge
for students to understand various concepts of machine learning and deep learning in their future
careers.

We encourage the students to take the corresponding assignments as a practice with the lecture
knowledge on the Google Colab. The assignments are designed with an increasing difficulty
focusing on real-world applications such as image classification, where detailed in-line
comments are provided for necessary information, which is friendly to beginners while still
keeping a certain level of depth. We set several office hours after each lecture via Zoom to make
sure the questions from students are answered. The tutors provide the answers to the assignments
which are released to students before the next lecture, and review the assignment content in the
beginning of the next lecture to help a better understanding of contents.

The combination of lecture and programming practice could help the students to establish a
comprehensive knowledge base for future careers with practical experience of programming.

Computer Aided Design Lessons

Computer-aided design skills, including 3D modeling and printed circuit board (PCB) design, are
very useful for engineering projects and sought after in industry. The design process often
requires these skills and, as students prepared for their final projects in the program, this was an
important topic. Students learned Onshape for 3D modeling [15], and Eagle for PCB design [16].
Onshape is a browser-based 3D modeling software that enables collaboration between students
through virtually shared parts and assemblies. Self-paced tutorials developed by Onshape were
assigned to students and additional examples for developing parts and assemblies were reviewed
in class. Eagle is a common PCB design software provided by Autodesk, free of charge for
students. Best practices of schematic design and board design were shared with the students as
they were encouraged to design PCBs for previous circuits that they had built.

Intro to Python (Hardware and Software) Lessons

The first week of material consisted of a combination of the basics of Python programming and
circuits using CircuitPython and the Metro M0 Express microcontroller board. The programming



concepts introduced included variables, operators, functions, conditional statements, loops, lists,
and dictionaries. The students built upon these programming concepts and Python skills during
the Machine Learning week. The circuit concepts included microcontroller pins, electronic
components, analog vs. digital, Ohm's Law with the hydraulic analogy, pulse width modulation,
duty cycle, and reading schematics. During the lectures, we used live coding demonstrations and
poll questions to keep the students engaged on Zoom and check their understanding. The
homework assignments included Python programming exercises on CodingBat [17] and
CircuitPython challenges. The Intro to Python site included the CircuitPython challenges, board
info, terminology, and other resources for students to learn CircuitPython [18]. Each
CircuitPython challenge had wiring diagrams and fill-in-the-blank code for students to build the
circuits and program the board.

For homework/reinforcement for lists and dictionaries, handpicked questions from w3resource
were given, with solutions discussed in office hours. Questions were picked and categorized into
easy, medium, and difficult questions based on what the students were explicitly taught during
lecture, and the difficulty of the algorithm that the students would have to figure out to answer
the question.

App Development with Android Studio Lessons

The app development sessions were organized into the following components: UI design,
backend development, and cloud database service (more specifically, Firebase Database). During
the UI design, students were introduced with a few of the basic building blocks of UI design,
such as Label, Buttons, and Textfields, amongst many others. With the introduction of Horizontal
and Vertical layout structure, students were exposed to modular UI design. During the backend
development session, students connected the UI components with some form of logic that
dictates the behavior of the app. The objective of the cloud database service was to introduce
some form of "memory" for the app, as well as exposure to external API, libraries, and more
importantly documentations. To reinforce the concepts students were encouraged to add
additional features, such as adding a horizontal layout of Buttons for additional interactions or a
feature for "History" (to remember past interactions with the app), to the app introduced during
the developmental session.

Professional Development Building Sessions
In the professional development session, guest speakers (campus and departmental staff, student
organization leaders, alumni in industry, faculty, campus organizations) were invited to speak
about various topics that further enhanced students’ professional careers. These topics included
resume development, leadership, professional profile development, researching job requisitions,
academic integrity, technical interview preparation, working in teams, academic enrichment
programs, and more. In addition to guest speakers, students participated in actively improving



their skills through resume workshops, mock interviews, career opportunities, and networking
opportunities. Ultimately, these various exposures aimed to increase student awareness on the
resources available to them, broaden their network, develop their professional skills, and help
them identify their starting point and where to begin improving.

Results and Discussion

Approximately 50 students were registered for the program with 30 actively participating and 23
remained for the final project presentations. From the final group, 20 students were offered
research internships after the program.

Results from the program are assessed by evaluations of the final project for technical skills and
an assessment survey for professional skills.  The students who completed the program
demonstrated proficient command of material, as shown through their execution of the final
project in the areas of machine learning, hardware and electronics, and app development.
Projects from the program included various topics of students’ choosing including home security,
braille scanner, music app, and an arcade game [19].

Fig. 12. Pictures of Student Projects or Presentations for Final Day



For professional development, students were polled in the areas covered by the program before
and after the program on a Likert scale to evaluate students’ self-efficacy.  The results indicate
significant improvement for various abilities such as: resume building, networking,
communication, usage of campus resources, awareness of career paths, academic capabilities,
and self-awareness in their areas of improvement to remain competitive for jobs.

The number of weeks can be tuned by organizers depending on the pace, content, student
commitment, school system, etc.

Students participating in the virtual program were eager to explore both technical and
professional activities. Some students were more interested in technical activities while other
students were more interested in professional activities. All students accepted that both areas
were important. The majority of students were intending to major in Electrical Engineering and
Computer Engineering, yet the program was inclusive and involved students intending to major
in Mechanical Engineering, Biology, Physics, Chemical Engineering, Kinesiology, and others.
Although possibly looking at different career fields with their majors in mind, these students
have strong desires to better prepare themselves for applying, interviewing, and experiencing an
internship. Many students had not had an internship before and many have not even had the
confidence to apply.

The ECE Internship Prep Program was offered in a fully virtual format. During preparation for
the program and interaction with the students, the costs and benefits of virtual learning,
specifically related to the goals of this program, were analyzed.

While the virtual environment helped the students and the instructional team in many areas, there
were a few notable costs. Physical components to build circuits with microcontrollers, sensors
and actuators was an important part of the program. By not being in-person, these parts needed to
be packaged and shipped to the individual student locations, domestically and internationally.
These shipments had associated financial and human resource costs. The money and time would
traditionally be directed toward improving the students’ project experience. Also, the students
did not have access to larger equipment that would traditionally be available on campus.
Consequently, the program had to shift towards putting more emphasis and focus on teaching
materials and tools that were easily accessible to all the students, most of the time in a theoretical
form or through computer software. Specifically, machine learning, Python, Computer-Aided
Design, and app development were heavily weighted over circuits and learning about electronic
components, in the lecture materials. Despite having only a week dedicated to circuits, that week
was both difficult on the students and the instructional staff because of the virtual environment.
In the tutoring hours, specifically, debugging circuits was difficult for both the students who had
to check all their breadboard connections and wiring, and for the tutors who had to do their best
to guess and the students with the problems they were facing in regards to their circuits.



Besides the big picture costs that the virtual environment brought about for the program, there
are also areas where the remote setting impacted the students negatively. For example, spending
long hours per day for five days a week attending multiple lectures and workshops meant that
there were many hours students had to spend in front of their computer screens. The
psychological consequences of spending hours per day on Zoom, or what is now known as Zoom
fatigue/exhaustion, were a major concern since the beginning of COVID-19 for the Spring
classes and the summer programs at UCSD. The negative effect of Zoom fatigue was something
that was difficult to analyze and measure remotely, but the consequences were seen among the
students and the tutors who were especially busy in the summer. While difficult to control and
avoid, the program made sure to include lunch and short breaks in between the sessions to reduce
stress on the students.

Beyond the costs, the virtual program offered many benefits as compared with a traditional
in-person program. Possibly the most important advantage was the reach that the program had
with both the participating students as well as supportive alumni, student organizations, and
campus entities. For example, students who were not located on campus or in close proximity
could still participate in the program, including those from outside the San Diego region and
even students studying abroad. Additionally, all the materials and recordings of the lectures and
sessions were made available asynchronously so that students could catch up with the lessons, in
case they could not attend the sessions live. Making the materials and all the resources available
for asynchronous learning meant that besides geographic location and time difference issues,
students had the opportunity to maintain jobs or take summer session classes, or face any
unexpected adversity while being an active member and participant in the virtual program.

While the remote nature of the program enabled students to have the chance to fully participate
in the program, the virtuality of it also gave the program coordinators the opportunity to have a
smoother experience inviting the guest speakers for a variety of workshops and lectures. All of
the technical and professional sessions throughout the five weeks of the program were held on
Zoom. The increased session accessibility ensured high attendance of the invited guest speakers,
from alumni, student organizations, campus resources and the faculty. Similar to the students, the
guest speakers did not have to be in San Diego or come to the sessions live in order to share their
experiences and hold various workshops for the students. With most of the students initially
unaware of the campus resources, the high number of professional sessions that were made
available, relatively easily, allowed the students to become fully aware of all the campus
resources available to them throughout the school year.

In addition to the students and the guest speakers, the program coordinators and the instructional
staff also benefited from the program being virtual. For example, setting up recurring Zoom
sessions can be easier than acquiring physical space for a large number of students to safely work



and sending a Zoom web link can be easier than directing each speaker to the correct physical
location. Although Zoom was a relatively new tool for both the students and the instructional
staff, many of the extra functionality proved useful. Zoom breakout rooms could put a smaller
group of students with or without tutors in multiple rooms as an attempt to make the talks and
lectures more engaging and interactive. Additionally, Zoom breakout rooms enabled one-on-one
tutoring when desirable, which is not always possible in an in-person lab environment. With a
significant portion of the technical presentations and lectures focusing on software tools and
programming, Zoom screen sharing was a valuable feature for both the students and tutors. With
screen sharing, the instructional staff were easily able to help with code debugging for various
programming assignments throughout the program.

Lastly, the program was successful in bringing students from diverse backgrounds together and
presenting all the materials (technical and professional) in a broad yet detailed form. In
preparation for the program, the instructional staff assumed no major requirements or technical
backgrounds, so that students from diverse backgrounds and majors could attend the sessions and
participate. By targeting a broader audience, the program hoped to provide technical and
professional support to all the students who were eager to learn and participate in ECE’s virtual
Summer Internship Prep Program.

Conclusion and Future Direction

In summary, we present our work on a summer internship preparatory program for electrical and
computer engineering transfer students using a distance learning format. Overall,  the program
was successful in training and enabled students to obtain internships by improving their technical
and professional preparation.

As with all distance learning, while the geographic reachability could potentially be greater than
in-person, we recognize the challenges of maintaining student engagement and participating
throughout the program. Incentivizing student commitment through fees and frequent updates
may be necessary for better tracking student activity and involvement.

This program can potentially serve as a platform for other universities to approach virtual
hands-on learning and internship preparation for their students despite limitations of virtual
learning.
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