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STEAM-powered
Learning

EXPERTISE

(STEM + THE ARTS = STEAM)

“The educational benefits of being able to think computationally
—starting with the use of abstractions—enhance and reinforce
intellectual skills, and thus can be transferred to any domain.
Science, society, and our economy will benefit from the discoveries
and innovations produced by a workforce trained to think
computationally.”
— Jeannette Wing, President’s Professor of Computer Science,
Computer Science Department, Carnegie Mellon University and
Corporate Vice President, Microsoft Research 2
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TECHNICAL | EXPRESSIVE

“When children and teens make things, they are having fun but
they are also engaged in learning. They are learning to realize their
own creative ideas, to solve real problems and to overcome failure
and frustration in the process.”
—Dale Dougherty, MAKE Magazine Co-Founder3

MICROCONTROLLERS 03

Mathematics
“The Standards for Mathematical Practice . . . rest on important
‘processes and proficiencies’ with longstanding importance in
mathematics education.”4 They include:
Reason abstractly and quantitatively
Model with mathematics
W Attend to precision
W Look for and make use of structure
W Look for and express regularity in repeated reasoning
W

Next Generation Science
Standards (NGSS)6
“In the future, science assessments will not assess students’
understanding of core ideas separately from their abilities to use
the practices of science and engineering.” 7

W

Giving students engineering and design challenges gives them
the opportunity to wrestle with and experience technical concepts
covered in class. The ambiguity of problem solving for a specific
context and real-world constraints provides students with an
authentic learning experience.

Studio Habits of Mind5

Performance-Based
Assessments8

Develop Craft
Engage and Persist
W Envision
W Express

Observe
Reflect
W Stretch and Explore
W Understand the Art World

W

W

W

W

STEM versus the arts is a false dichotomy. Mathematical thinking,
scientific inquiry, and artistic practice all require similar skills and
a methodical approach. Learners can start on the side that feels
more comfortable to them and cross it as a bridge to the other.
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Assessment of student work is a challenge that teachers face
across all subjects. These assessments must be fair, consistent
and readily apparent not only to educators and administrators
but also to students and parents. Additionally, the challenge of
developing fair and consistent assessments is compounded when
the assignment at hand allows students to produce multiple
outcomes that are highly creative in their novelty and diversity
but each an equally valid solution rather than one uniform,
anticipated answer.
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microcontrollers
AN INTRODUCTION

“I associate my love for discovering
and using materials with the great
enjoyment of zooming out and
zooming in on problems, whether
with language, logic, programming,
or mechanical design. I also associate
it with the kind of design I like to do
when I’m making physical things,
intuitive rather than analytic.”
— Natalie Freed9
Information on pages 8–9, 12–15 is courtesy of Natalie Freed.
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what is a
microcontroller?

You will need:
1 Tiny AVR Programmer
1 ATtiny85 microcontroller
W 1 3V coin cell battery
W LED circuit sticker
or surface-mount LED

1 binder clip
conductive foil tape
W adhesive tape

W

W

W

W

STEPS
1 Plan your story. Decide what you want to illuminate with
a blinking light.
A microcontroller contains a processor, memory, and input / output
pins. This means it can perform calculations, store results, sense
voltage levels and turn electronic components on and off. It
can be programmed. In other words, you can give it a sequence
of instructions to follow and it will follow them every time it is
powered on.
Using a few simple materials, we can use the Arduino programming
environment to program a microcontroller that will make a
light blink in a pattern we choose.

Tiny

AVR

ra m
P ro g
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mer

2 Plan your blinking pattern. Calculate the blink pattern in
milliseconds.
3 Get your computer ready to code. Download and install the
Arduino IDE and the ATtiny85 library. (The Arduino IDE = The
Arduino Integrated Development Environment. This
is the application that lets you write code and send it to
the microcontroller.)
4 Write your code and load it on the microcontroller
using the Tiny AVR Programmer.
5 Make your circuit and place the microcontroller.
Secure with tape.
6 Power the circuit.

mic roco ntro ller
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plan your
blinking story
Start by thinking about the story you want to tell. Choose a single
scene to illustrate. Brainstorm below. (You’ll draw it later.)

the rhythm of the light
Now that you know why the light is blinking, think about
rhythm and tempo.
Use the planner below to visualize the blinking pattern and its
speed. Fill in the boxes below to illustrate how the light should
blink. Next, label the boxes as “on” or “off.”
Calculate how long each on/off cycle lasts in milliseconds and write
the numbers below.

s
1 box = 10 0 mi llis eco nd

1 SECOND

1 SECOND

1 SECOND

1 SECOND

Wh at par t of yo ur sto
ry sho uld
yo u illu mi na te wit h a
bli nk ing lig ht?
Why is it blinking?
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Meet the AT Tiny85
Microcontroller

Getting Your Computer
Ready to Code

The ATtiny85 has 8 pins. There is a + pin and a – pin, which allow
the microcontroller to be powered by a battery or other source of
electrical current. Others allow for the microcontroller to send and
receive information; these are input/output pins.

1 Install the Arduino IDE. It’s free!

Re se t
g)
Pi n 3 (a n a lo
Pi n 4 (a na lo g)
– (grou nd )

+ (p ow er in )
Pi n 2 (a na lo g)
Pi n 1 (d ig it al )

)
Pi n 0 (d ig it al

After programming the ATtiny85, we’ll connect the pins as shown in
the circuit diagram on the right. We’ll be writing code that
uses Pin 0 to modify the electrical signal going to the LED, making
it blink.
For more information about the ATtiny85’s technical specifications, read its data sheet
at atmel.com/devices/attiny85.aspx.
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2 Windows users should follow the instructions from SparkFun to
install drivers that allow the ATtiny85 to be recognized by the
Arduino IDE.
3 For all operating systems, follow steps from SparkFun to install
some extra files (created by David Mellis from Arduino and HighLow Tech at the MIT Media Lab) that will let the Arduino IDE and
the Tiny AVR Programmer work together.
4 Open the Arduino IDE, go to Tools > Programmer and select
USBtinyISP.
5 Go back to Tools and this time under Board, choose ATtiny85
(internal 1MHz clock).
6 Insert an ATtiny85 chip in the Tiny AVR Programmer, and
insert the programmer into a USB slot. When inserting the
microcontroller, make sure that the dot on the chip is on the
same end as the notch illustrated on the USB stick.
For more information and an illustrated step-by-step with
web links, visit nexmap.squarespace.com/programmingmicrocontrollers. For additional information and tutorials, visit
highlowtech.org/?p=1695
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Coding in the
Arduino IDE
Time to code! Type the code on the facing page into the Arduino
code window, or “sketch.” Capitalization and bracket type matters!
Click the verify button (√) to check the code, and then the upload
button (→) to copy it to the ATtiny85. The LED built into the Tiny
AVR Programmer stick should now blink on and off in 1 second
increments.
Look back at the pattern you planned on page 11. Modify the
code above by changing the delay values. Use the Tiny USB
Programmer’s LED as a visual guide of what code is on the microcontroller. Edit the code until you’re happy with the pattern.
Don’t forget to do a final upload!
WHAT THE LINES OF CODE DO:

1// instructions in the setup block, between { and }, run only once,

1//
2//
3//
4//
5//
6//
7//
8//
9//
10//
11//
12//

void setup ( )
{
pinMode(0, OUTPUT);
}
void loop( )
{
digitalWrite(0, HIGH);
delay(1000);
digitalWrite(0, LOW);
delay(1000);
}

when the program starts

3// set pin 0 to voltage output mode (as opposed to voltage sensing,
i.e.. being an “input”)

6// instructions inside the loop block repeat over and over
8// set voltage level on pin 0 to high, which. turns on LED
9// do nothing for 1000 milliseconds, or 1 second
10// set voltage level on pin 0 to low, which. turns off LED
11// do nothing for 1000 milliseconds, or 1 second
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Storyboard
Review the story you brainstormed on page 10.
Draw the key scene below.

HINTS Use a pencil to trace the LED sticker and microcontroller legs so you know where to place the copper tape.
You can also cut the copper tape length-wise to get skinnier
strips. It’s helpful to label the paper with the pins you’ll be
using like in the circuit diagram on page 19.
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Make Your Circuit
1 Place the copper tape. 2 Place the LED sticker. 3 Bend back the
legs on the microcontroller so they lie flatter but still touch the
paper and tape down. 4 Fold the corner and add your battery,
+ side down.

Power out (to – batte ry)

ATt in y 8 5
ol le r
m ic ro co n tr

Power in (to + batte ry)

pi n 0

–
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+

The next several pages present a middle school project –
designing a visual notification system that uses LEDs to signal
to the teacher whether they need assistance. A class breaks into
teams, each one designing and prototyping the device.

HELP SIGNAL PROJECT

Concept

Learning new things can be tricky. Why not have students design
a signaling device that lets others know when they need a helping
hand? Students work in small groups to design a help-needed
signaling device within specified design constraints for another
class in the school. To begin, each student interviews peers to learn
more about what students want and need. Then they brainstorm
ideas for prototypes in his or her notebook.

HELP SIGNAL PROJECT

collaborate
Once everyone’s had a chance to get their ideas out on paper,
team members share their prototype ideas. Teams share
their notebooks with students in other classes to gather additional
feedback. Combining the best of all worlds, they build and test
prototype designs, iterating to create the best visual notification
system possible.

22

HELP SIGNAL PROJECT

present

Each team presents their final system design explaining their
process and demonstrates how their prototype works to another
class. Teams set up science-fair style tables with display boards
and their prototype and answer questions. Members of the other
class vote on which prototype they like best. They receive stepby-step instructions on how to make the winning prototype.

HELP SIGNAL PROJECT

connect

Students reflect in their notebooks about what they learned and
experienced by going through the design process and seeing what
the other teams developed. They record what went well, what
surprised them, and what they would do differently next time.
Having thought deeply about the needs of other students, they’ll
have discovered something about their own needs as learners.

Your idea
Write one down and sketch it out. Sign your work. Then find a
partner and discuss. Gather feedback.

Signature

MY IDEA

Disclosed and understood by

28 PROGRAM YOUR PAGES

MICROCONTROLLERS 29

materials
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