Using Physical Computing Projects in Teaching Introductory Programming
Karen H. Jin

Howard Eglowstein

Mihaela Sabin

Department of Applied Engineering and Sciences
University of New Hampshire, Manchester, NH
Karen.Jin@unh.edu

Department of Applied Engineering and Sciences
University of New Hampshire, Manchester, NH
Howard.Eglowstein@unh.edu

Department of Applied Engineering and Sciences
University of New Hampshire, Manchester, NH
Mihaela.Sabin@unh.edu

Our Experience

Abstract
Physical computing engages students who are learning how to program through
hands-on projects with tangible devices. Many of these projects are fun and artistic,
but may disguise fundamental and non-obvious concepts such as variables,
conditionals or complex control flow. Access to fun “gadgets”, e.g., sensors, motors,
LEDs, etc., gets the students excited about projects, without focusing on specifically
learning programming and computational problem solving techniques. This work
presents the authors’ experience of teaching a physical computing workshop for
middle school students using Adafruit Circuit Playground Express and Microsoft
MakeCode. Project selection is based on a set of software and hardware features in
order to choose the ones that best help students retain programming concepts.

Using Physical Manipulatives in Teaching Intro to Programming
Ø The Good: Manipulating physical objects makes it easier for students to relate
to a programming task. It becomes more personal.
Ø The Bad: It can be hard to teach variables, loops and control concepts when
the students are distracted by the gadgets.
Ø and the Ugly: Some students, not used to crafting, can get frustrated with
issues not related to programming. They call it “hot” glue on purpose.

Ø This work presents the authors’ experience of teaching a week long physical
computing workshop for middle school students (5th-7th graders) with limited
experience in programming.
Ø The Adafruit Circuit Playground Express, an all-in-one hobbyist board with
embedded sensors, LEDs and USB support, is used as the hardware platform,
in conjunction with the Microsoft MakeCode visual programming environment.
Ø Project-based instruction using sample projects with open-ended extensions.

How to Choose Projects
Our aim is to identify projects that are not only engaging and enjoyable to work on,
but also effective in demonstrating abstract programming concepts. The initial
project candidates were prototyped and they grouped based on several feature
rubrics: software complexity, hardware complexity, software extensibility and
hardware extensibility. Projects were then selected based on these rubrics.
For example: projects with medium to high software complexity and low to medium
hardware complexity are best suited for introductory projects. Projects with high
software extensibility are more desirable over those with high hardware
extensibility in helping students reinforce their programming skills.

shine. If the sensor noticed and high peak in the light then it would turn the light beam off
and then activate the servomotor to let the sunglasses flip down. There was not much
software complexity in this program giving it a 2 but there was mostly just hardware
complexity giving it a 4. Meaning that it was hard to mount the servomotor onto a flimsy
brim but it was not as hard to program the circuit playground to do this such motion. This
project could probably be further improved if it had more sturdy hardware giving it a 5 and
a more precise program giving that a 5.

Sample Projects

High

The next project that I helped work on was the Lock Box with Daniel. The lockbox had a
copper tape switch on it that would completely reset the code for the box. The object of
the lock box was to have the owner of the box enter a combination and then the box would
open. The software complexity of this program was a 5 given that there was more than
one sensor. The hardware complexity was a 5 because it involved more hardware than
most people's projects. The software extensibility was a 5 because the program did the
most that it can do but the hardware extensibility could be a 3 because the lock that it had
could be further upgraded to something more secure.
The third project that I worked on
was a game called Simon that
Samara and I created. Its
objective was to match the gaming
system of the game Simple
Simon. Simple Simon gives you a
series of colors and noises and
you then have to repeat the
sequence. If the sequence is
correct, you win and it shows a
show ring animation but if it's
wrong you lose and it makes a
terrible noise and you have to start
over. The hardware and software
complexity of this are both a 5
because it has a very confusing
code and a very delicately made model. The hardware and software extensibility of the
project are both a 3 because not only can the hardware be made more sturdy but there
is plenty of code that can be added to this project to make it more complex.

Hardware Complexity

Table Lamp

Suitable for
teaching
programming with a
moderate amount of
hardware setup

Bike Signal Glove

Light-controlled Sun Glasses
Blinking Belt with Sewed-on
LED

High
Hardware Extensibility
Blinking Belt
with Sewed-on LED
Simon Game Simulation

Magic Wand

Simon Game Simulation

Software Extensibility
High

The last activity that I helped Kyle, Everett and Donovan work on was Ironman. The first
part of it was the body suit. The bodysuit and the helmet had to be spray painted gold and
red to match the colors of ironman. The helmet had a servomotor connected to it so that
the top of the mask could flip up when the student would tilt their head up and it would go
down if the head were tilted down. The second project that was involved with this was the
gloves. The gloves had a circuit playground sewn to it and then when the motion of a
push from the hand would occur a show ring animation would show as well as the ironman
sounds that happen in the movie. The hardware complexity of this was 5 because it
involved several types of materials. The software complexity is a 3 because the program

Software Complexity
High

Low

Need hardware and
software support for
most students to
complete the projects

5

Snow Globe

Light simulator with
embedded LED

Magic Wand

Low

Suitable as introductory
project for teaching
programming concepts;
limited hardware setup
required.

Snow Globe

Bike Signal Glove
Light-controlled
Sun Glasses
Light simulator with
embedded LED

Low

Suitable for
teaching
programming
concepts with
limited hardware
resources

