Electronic, Optical, and Magnetic
Properties of Materials: A Comic-
Based MOOC

J.Sandland, E. Vargo, J. Paras, G. Varnavides, S.
Warkander, P. Anikeeva
Dept. of Materials Science and Engineering
Massachusetts Institute of Technology

H .
I I I I I Massachusetts Institute of Technology



3.024x: Electronic, Optical and
Magnetic Properties of Materials

3.024 describes the origins of the electronic, optical, and [}
magnetic properties of materials, and considers how these

properties can be tailored for particular applications

A sophomore-level core course in the Department of
Materials Science and Engineering. All MS&E

undergraduates must complete this course

Online lectures, interactive tools, and problem sets have been developed and used with
residential students since 2017:

Desire to reduce the time residential students spend working on problem sets, maximize the
time that they spend working on design projects

— Online problem sets insure that students have the background required to undertake
the design projects

Course offered on edX in Spring 2018 as a single 16-week long MOOC
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Superheroes!

ALARMED BY WHAT SHE'D SEEN, P5I
TRIES TO ESCAPE BACK TO HER HOME.

...AND FINDS HERSELF SURROUNPED
BY TALL, SMOOTH WALLS OF ENERGY.
SHE PUSHES AGAINST THE WALLS,

BUT THEY WON'T YIELD!

BLUE |5 &TOP
AND GREEN

— YA " o TAKES
: A WRONG TURN,
THOUGH...

I'M AFRAID YOU'LL
NEED A LITTLE MORE
INFORMATION BEFORE

YoU'LL BE ABLE TO
ESCAPE

WHAT..WHAT DO
YOU MEAN?

YOU KNOW, YOUR
POSITION, YOUR
ENERGY, AND
THE LIKE.

ENERGY? LIKE,
E=1,MVZ 7
-

OH, YOU'RE
CLASSICALLY TRAINED!
HOW FUN! WELL,
THIS PARTICULAR WELL

PREFERS QUANTUM, BUT T
CAN HELP You CON g
== = UGH, T
= NEED MORE

INFORMATION.

DIFFRACTION
PATTERN! THIS
15 A BCC

" . WE'RE FINALLY
ON OUR WAY!

WORKING IN 30, PSI FRANTICALLY
TRIES TO UNDERSTAND WHAT
HAPPENED TO ELECTRO.

I THINK
IF WE HEAT
HIM UP, HIS




Sample Homework Problem

Useful properties of GaN:

(o] 9 £0..TELL ME
L0] ; ° IF THI& S0UNDS

gy
GOSH, I CAN'T

WY
AT ANV THING 6 o' © ELECT"’%'HT; (erremprmrrm : Band gap: Eg = 3.28eV

, COULD WE MAKE REASONABLE, [
() LIGHT OUT OF ACTUALLY.
. : ELECTRICITY? 8

a : g e Electron effective mass: m} = 0.13m,
GEREO A : DIFEERENT
WHAT DOES COLORS,

IT pO?

e Hole effective mass: m; = 1.4m,

e Electron mobility: p1,, = 400em>V ~1s~!

* Hole mobility: p, = 150em?V 157!

-3

a2 v "’ )
1 PN Ry GoTatey Ciamrs T CocHaiT ~ « Effective DOS for conduction band: N, = 2.3 % 107/ o
OF THE SHIP AS THEY DRIVE. K

3

Effective DOS for valence band: P, = 8.0 % 1012 73/2 & _

111

The heroes decide to make lights for the controls in their ship’s cockpit. They plan to make light-emitting devices
(LEDs) with emission wavelengths from blue (450 nm) to green (550 nm).

They used-up the silicon-like meteoroid to make the solar cell, but luckily Ferro has quite a collection of
meteoroids! He selects a different meteoroid composed of gallium nitride (GaN).

With a direct bandgap of 3.28 eV GaN is an excellent UV emitter. Ferro knows that is possible to add other
Group lll metals to GaN to make GayMe1-xN alloys. These metals do not act as dopants, but rather as
substitutions to Ga. Consequently, they influence the band gap.

Consider the material to be at room temperature (1" = 300K), unless stated otherwise.
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Humor in the Classroom

We hope that the inclusion of comics will help increase both student motivation and
student performance

There is some promising research in this field, though results in the literature are
mixed:

— Student attitudes, enjoyment, and opinions of their instruction have been

shown to increase when content-related humor is introduced [1,2].

— Secondary school students who were presented with comics demonstrated
better scores on a creativity test designed to measure fluency, flexibility, and

originality of thought [3].

— Several studies have shown an improvement in final exam and post-test
performance when content-related comics or humor were used in the

mathematics, engineering technology, and psychology classrooms [2, 4, 5, ©].
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Humor in the Classroom
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3.024x A/B Test

* We divided the edX students in half.

* In the first unit, half of the students received 3.024x
comics and superhero-themed problem sets.

* The other half of the students didn’t see the comics,
and superhero themes until the second week of the

course.

« After the first unit, all students could see the comics

 Residential version of 3.024 only included comics
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Problem Set Performance

Number of learners
who attempted
PSet

Average score

Comic Group

148

56.2%

Traditional Group

145

55.4%

There was no significant difference between the performance of the

traditional group and the comic group.
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Student Response to Comics

* Do you enjoy the comics that are embedded in the

homework assignments?

B Ves
B No

edX Learners (n = 48) MIT Students (n = 15)
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Student Response to Comics

Did you prefer
assignments with or
without comic strips?

Without

0 5 10 15

edX Learners
(Control Group)

Would you prefer
assignments with or without
comic strips?

Without

No Preference

wo.
0 2 4 6 8 1

0 12

MIT Students
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Problem Set Performance

Number of learners
who attempted PSet

Average score

Comic Group

148

56.2%

Traditional Group

145

55.4%

There was no significant difference between the performance of the

traditional group and the comic group.
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The 3.024x Team

» Prof. Polina Anikeeva, Lead Faculty " o

I CAN'T

BELIEVE HE .

WENT INSIDE!

IT WAS TOO
RISKY!

« Emma Vargo, Comic Design
« Jane Holland, Graphic Artist

Course Development Team:

George Varnavides

Sarah Warkander
Jonathan Paras

Course Support Team: ~
Maddie SUtUla ’ FERRO RETURNS TO

TRIUMPHANT,
HIS FRIENDS. FOR NOW, 4
* . o' EVERYONE 15
Emma Vargo SAFE!

8 THE END §
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