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Learning Games Are Hard Fun

MIT SCHELLER TEACHER EDUCATION PROGRAM (STEP) | THE EDUCATION
ARCADE (TEA) | LEARNING GAMES NETWORK (LGN) | CMS, MEDIA LAB & ESD AFFILITATIONS



STEP/TEA Pedagogical Frameworks

What kind of learning environments?

Create highly engaged, motivated students
Provide environments, problems

Facilitate learning

7

Game-like, active, °

A teacher heard one child using these words to describe the computer work: “It's
fun. It's hard..." | have no doubt that this kid called the work fun it was
hard rather than in of being hard. [S. Papert, 2002]

Applicable to and settings, extending learning
beyond walls of the school, beyond hours of the school-day




Learning Through Game Play and Creation
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Games? Learning?

How many volts do

| need for my laser

canon to Kkill 3 x 6
opponents?
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The Legacy of Math Blaster

 Edutainment

— Where play is the reward for
learning

MIT 5



The Legacy of Math Blaster

 Edutainment
— Gets kids to eat broccoli

— But doesn’t promote healthy
eating ’

— What happens when the ', .
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The Legacy of Math Blaster

— Instead learning should be
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Feedback?

* How can we provide feedback?




Feedback

should we provide feedback?

— Frequency and response type

11



Gamification Everywhere

r. Zichermann said. “We use game concepts to get them to focus on things.”

fits that description. After graduating from high school, Mr. Kroll said, he was Scroll King
overweight, living at home and playing World of Warcraft at least six hours a

rned things around after starting to work out at a gym regularly with the help of

bp on his iPhone called Fitocracy, in which badges are awarded by a robot

ho has lost about 75 pounds, says he plays video games less frequently now,
enjoys the gamelike challenges that the app sets for him at the gym. He said the
him “the same satisfaction of getting points and leveling up” that he gets from

der and her 9-year-old daughter, Emma, also know how well embracing games
Ms. Snawder signed up for a service called Zamzee to encourage Emma to be

ically active.

t the day, Emma wears a small motion sensor that records her activity level and

12



Learning Goals?

» Cognitive Skills

« Non-cognitive skKills
— Persistence
— Grit

* Metacognitive skills

— Reflection

— Abstraction

13



Zone of Proximal Development

Can/Will Do
With Help

Can’t Do/
Won’t Do

Can Do/
Will Do

Vygotsky
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Zone of Proximal Development

Can/Will Do
With Help

Can’t Do/
Won’t Do

Can Do/
Will Do
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The Fun of Structure

Structured, goal-oriented,
feedback-driven can be fun

¥ > % ——
*x...z:,.-. ‘;v,‘:_'::.-":_

In games we willingly submit to arbitrary
rules and structures in pursuit of mastery,
but only if we can continue to be playful.

16



The Fun of Structure

Structured, goal-oriented,
feedback-driven can be fun

In games we willingly submit to arbitrary
rules and structures in pursuit of mastery,
but only if we can continue to be playful.
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Structure is Fun
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Structure is Fun
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Structure is Fun
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Structure is Fun

MIT 21



Structure is Fun




Structure is Fun

we




Structure is Fun

ﬁmil
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Zone of Proximal Development

Can/Will Do
With Help

Can’t Do/
Won’t Do

Can Do/
Will Do
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Zone of Proximal Development

Can/Will Do
With Help

Can’t Do/
Won’t Do

Can Do/
Will Do
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Making Real Learning Games

— New technologies and pedagogies can
create learning opportunities that are
simultaneously fun and playful

— Not just a superficial candy coating, they  ‘.-._

are linked at the deepest levels

— Games can engage players in learning that
is specifically applicable to “schooling”

27
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Moblle Social Games
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The Beasties

Level: 1 Win-Loss Record: 1-0

The Lab

Hands | Tail | Horns | Mouth

Elphine Torkanine ‘

Serrated Tail




UbiqgBio
The UbigBio Project ey kaming.

» A two-year NIH-funded research study

Four standards-based UbigGames

Desighed to promote deep learning and strong engagement for
intro biology students

Played primarily during outside-of-class time

Used in-class time to synthesize and discuss concepts

Includes Teacher Portal to track student/class progress




UbigBio Games

Show Status

Y esomom ontac

| Hands | Tail | Homs | Mouth_

Current Contract ($39) Game Status
Zygote Stage 3| Hairless Level: 3
Current mRNA codes for: 0/3 in Shipping Box Bank: $205
Beetles in Contracts: 0/3
Shipping Box: Hide Status

’
v
r

Razor Claws Serrated Tail

$52 4

Mating Cage

$52

$30

-

Normal Hormns Normal Mouth

Hatch
Challenge
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Responsive Design

My Stats

® 2]

Contracts Search

Hatch Challenge

Father: ww Mother:Ww

i w O w ]

Ww Genotype: Ww
w
Winged Phenotype: Winged

Genotype: ww Genotype: ww

Phenotype: Wingless Phenotype: Wingless

Reveal Next

31219

ow S

Winged
Ww

Balance:296 Level: 4
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Teacher/Researcher Portal

» Teachers » Researchers
 create class rosters * log game play patterns
* observe game play  collect student data

* track student progress

Charts for Beetle Breeders

Gameplay day and time

= Cumulative/Level Report

34



Game Play by Gender

Male vs. Female Gameplay by Game
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Beasties Island Hoppers Chomp!**
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Game Impact on Test Scores

Control vs Experimental Quiz Scores by Game

& Control Mean
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B Experimental Mean

Evolution DNA
Game/Topic Area




Leveling Up?

* How is score on each section impacted by...
— Time spent playing

— Levels completed

245 X

Level
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Do Games Work?

* Not all games are the same

»=DifficultyA

W=DifficultyB

ee=Difficulty C
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What Makes Games Work?

Time (10) OSSN 0647

Level .245 X

»=DifficultyA
W=DifficultyB
ede=Difficulty C
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Games as Treatments?

H‘:g ] ap
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Hide Status




The Medical Model




Radix - An MMO for STEM Learmng
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Why an MMOG

(Massively Multiplayer Online Game)

* Self-directed
 Collaborative
* Role-playing

* Inquiry-based

* Contextual

44



Blology & Math

Larger fishes &
octopuses

Larger crabs

Sea urchins Abalones w

Smaller predatory
f fishes & invertebrates

Orift algae &
dead animals
Smaller herbivorous
fishes & invertebrates
Sessile invertebrates

Planktonic
invertebrates

Kelps & other algac f

Microscopic planktonic algae

Pug Bz

STANDARD STATISTICAL TABLES

eas under the No

The table gives the cumulative probability
up to the standardised normal value z

l.e. H
I.l_exp(-sz’) dz
Plic<z]=]for

-

P[3<z])

/)

0.00

0.5000
0.5398
0.5793
0.6179
0.6554

0.6915
0.7257
0.7580
0.7881
0.8159

0.8413
0.8643
0.8849
0.9032
0.9192

0.9332
0 adRy

Pedigree

Truncated
Octahedron

Truncated
Icosahedron

P!

[:] male [ affected male Edeoeased male

O female @ affected female /@' deceased female

0.05 0.06

0.5239
0.5636
0.6026
0.6406
0.6772

0.7123
0.7454
0.7764
0.8051
0.8315

0.8554
0.8770
0.8962
0.9131
0.9279

0.9406
0.9515
0.9608

Rhombitruncated
Cuboctahedron

Rhombitruncated
Icosidodecahedron

0.07

0.5279
0.5675
0.6064
0.6443
0.6808

0.7157
0.7486
0.7794
0.8078
0.8340

0.8577
0.8790
0.8980
0.9147
0.9292

0.9418
0.9525
0.9616

H
0.08 0.09

0.5319  0.5359
0.5714  0.5753
0.6103  0.6141
0.6480  0.6517
0.6844  0.6879

0.7190  0.7224
0.7517  0.7549
0.7823  0.7854
0.8106 0.8133
0.8365 0.8389

0.8599  0.8621
0.8804  0.8830
0.8997  0.9015
0.9162  0.9177
0.9306  0.9319

0.9429  0.9441
0.9535  0.9545
0.9625 0.9633

Cuboctahedron

Icosidodecahedron




Scene

Genetc... | -]

[ Punnett Square I

N,

[ back ]1’4[ next ]

. u collected: Purple flower
Deion: | have a quest for you. % collected: Pu%ower

You collected: Seeds

You collected:

You collected: Purple flower
You collected: Purple flower
You collected: Seeds




Scene 1 i

. "”"'*” =
| |
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il i
| Ecosystem Simulator |

’ 200 300

Timestep 200/500
Starting Conditions Grass: 1600, Deer:30, Wolf:30




[‘ﬂw;vm" Genetics |

Menalmhleﬂunl "}
y 4]
[[&xZAxAyiedsAss [(&sAxAvieass o8]
ot o
[ AxA_| | AxA_|
[A ] 4 ]
 Cross |  Cross |
' 4
[TEx5: AxByieids Ab & B [ Eeaxeveas  |-+5]
ot o
[ Ax8 | [ Ax8 ]
8 | 8
[ Cross | | Cross |
*
[ExoAbxAviedsAGS (&0 mxavess 3]
[ AbxA | = [ AbxA | -
[ AbxA | o O 2]
[ Cross |  Cross |
' $ [A] 4
[(ExizAvxAbyieissa |-+{A] [Bx12- AbxAbyields A& B = [&x13 AvxAbyieisss {8 |
[Ab] o]
LT 1] - [En]
A5 A0 [A0]
[Cross | | Cross | [ Cross |
) [R]
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= B LT3 e
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Figure 16: 16 Experiments of type A, Ab, and B flower breeding.
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elcome, Susan. "!t ‘ 7’1 _1 | 'n'

. SelectAll 2 Skip Ahead 3 m | Recent Activity

v ! Student Name Username Progress Current Quest

Appleseed, John ‘ Applesauce 01:20 - Shasta bred a Yellow Flower

f Burbank, Luther 01:14 - i_<3_wigs completed Smell the Roses

01:14 - Applesauce bred an Orange Flower

© [Burnham, Leo Smell the Roses

Douglas, David &. SurferDudess Smell the Roses 01:01 - Dio_Man bought a Cc

© [Dioscorides, Pedanius [} Dio_Man Learning the Ropes 12:58 - BulldogHux signed in

Huxley, Thomas ﬁ’ BulldogHux Plague Hunter 12:57 - BulldogHux signed out

12-50

f Linnaeus, Carl . i_<3_wigs

Stuck on Plague Hunter [01:23] judyPlayer: Hey, another
for 12 minutes. pink flower!

[01:21] i_<3_wigs: How do you
- zgevg:rto breed Yellow oot 16 the north gate? Bell the Roses

- Needs to reach the [01:18] Applesauce: Whoa... you Plague Hunter
North Gate. guys need to see this.
[01:18] Applesauce: North gate, TIME
here | come.

Smith, Judy ‘ judyPlayer Plague Hunter
[E f Thomas, Jack ﬁ’ jackPlayer Petal to the Metal

Wilson, Lara #}, laraPlayer Plague Hunter
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MATH PERIOD 1 ~ Hello Mr. Smith | Logout

Home Screen o

SUCCESS RATES
Surface Area & Volume Ratios
* Shows the progress of students on a quest. Students Box Builder ~Box Builder ~ Box Builder  Box Builder ~ Scale Figure  Correct Map

* Number of successes Part 1 Part 2 Part 3 Part 4 Drawing Part 1
Class 63% 46% 58% 48% 61% 57%
Number of attempts Alpha [0 212 3/4 55 10 7 17
* Color coded where red means no success Bravo 1/5 2/4
Charlie 2/4 2/2 1/3
and green means always successful Dele i 3 A i
* Blue indicates a student has started a quest Echo 11 1/3
. o Foxtrot 11 11 2/5 2/4 1/4 1/5
Grey indicates a student has never started - o B e
the quest. Hotel 1/5 1/4 212
* Class average computed at top. India| __ S/4 1/3 25 Wl 12 415
Juliet 115 2/5 112 2/4 11 | 1/2
Kol 4/4 23 Il 4/4 3/4 11
Lima 3/4 2/5 33
Mike 1/5 3/4 4/4 4/5 1/3 4/5
November 4/4 1/5 11 11 11
Oscar 3/4
Papa 313 212 11 11 1/4
Rome 1/3 2/4
Elﬁ 4 172
Tango 313 1/3 212 33 3/4 4/4
Uniform 4/5 1/3 1/3 11 4/5
Victor 33 4/4 2/5 1/5 4/4 2/4
Whiskey 212 : 214
Yankee 2/4 3/4 2/3 5/5 5/5
Zulu 11 213 112 1/3 1/2 2/3
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X
& is the
Core Lesson e ; additive

inverse of -4
.
- 4.4
3 -4t 4
=3
0..
X w

Dark _oth ; 3
population:

SN
LEARNSS ZILLION

AA stands for "angle, angle" and means that the triangles have two of their

\/ Y l"‘(:\)\fl)fk &

If two triangles have two of their angles equal, the triangles are sin

For example, these two triangles are similar:

; ‘ /\'(Wi\* S Oone
' / | L vessels

\‘ owm M Wad

/) AN

If two of their angles are equal, then the third angle must also be equal, be
triangle always add to make 1

In this case the missing angle is 180° - (72° + 35°) = 83°.

So AA could also be called AAA.




Augmented Reality Games

Computer simulation on
mobile device triggered
by real world context

ATE (QEGHE

FoodFinders

History

55| 10:54 Am
(135,51)

Do you like video games and technology?

Do you want to make a real
difference in your neighborhood?

Either way, Community
Science Investigators (CS!)
is for you. You'll learn about
what's happening in your
neighborhood through

a new kind of game, and
then use computer tools

to go deeper. Before long,
you'll be an expert, working
on projects that make a
difference, and making
your own computer games
to teach other people what
you learned.

Community
Science
Investigators
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Kids Making Games

TaleBlazer Editor

¢ [(Q~ Google )

[\ http://taleblazer.org/create
Yahoo! Apple Google Maps YouTube Wikipedia News (112)v Popularv

) Advanced g DL - y ; Y pant~ ) ¢ § ; =
\ &9 ; 5 i ]
Lat/Long Boundaries 4 - e 5 = o I 5 T 10:09 am
Top: 42.36182148860 3 e o > | S -
Left: -71.0905146587 : 2
Bottom: 42.35963739964

Right: -71.0874569404
() Enforce Boundaries

Search Address

g Scienc d
Engineering De
v \

eno TaleBlazer Editor

EE] I\ http:

Yahoo! Apple Google Maps YouTube Wikipedia News (112)v Popularv

klopfer | Logout

Ta/eB\azereditor

Reset Game ' Save Game

Properties | Scripts | Dashboard | Dialogs

New Agent . E
Delete Agent Procedure

Pick Agent:
Pump ~
Hide
DashboardAction

e wE=="
Jaly 32to \j_uly18

Show
DashboardAction
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BioGraph

Graphical programming for
constructing complex systems
understanding in biology
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Science is Not Just for Scientists Anymore...

» Current public controversies

— Global climate change
— Evolution and origins of life

— Spread of emerging diseases

* Are these simulations to be believed?

* Understanding these and future issues in science and society
require understanding systems and simulations




Our Primary Goal

* Enable/empower students to “think scientifically”
— Use the
— Develop the

* Science is driven by and

« How do we make this accessible
to students?

o

*-BHo—-0-

[—

A
L el ok B et Tl e b L e T Rk e SR X
a4 - LR - EE - 4 -

- T . . T
OO =C
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- RUNIRRAERRE S

P e
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Our Secondary Goal

* Increase interest/understanding of programming
— Interest in in much needed area

— Understanding for of computers from macros to
troubleshooting

 Yet, programming is on the decline

— Programming and relegated to those
who are already interested

— Qutside of school opportunities are also scarce due to missing
expertise and perceived interest




New Paradigms for New ldeas

» Traditional pedagogies and technologies
make some ideas accessible

 But leave others unapproachable

k

“In trTis dmontratn, the senE have “In this experiment, the students have
isolated the effect of single variables on the ignited a forest fire to study the effects of

growth of a bean plant” tree density on the spread of fires.”
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Islands of Science

ecology
genetics
molecular :
biology 0SMOSIS

energy

chemistry

 Science is traditionally
thought of as islands of
topics

* We learn bits of facts
within subjects, and
few connections
between subjects

60



Complex Systems Connections

« Complex systems is a

ecology way of learning that
genetics transcends particular
concepts and classes
molecular : :
biology ~ ©OSMOSiS * Understanding the
common themes that
Complexity energy arise in natural,
. artificial, and social
chemistry
systems

* Improve science
understanding through
CS

61



What Color is Your Box?

Black Box

300 &

 Using simulations in the classroom has a lot of benefits (e.g.

Phet, Pedagogica, Gizmos)

* Getting inside of them can change classroom practice and
perspective and depth of student learning
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Constructivist Computational Heritage

« Seymour Papert

— Programming/Logo

— Learning to

— It is fun because it is hard ‘
» Constructionism ot

— Learning by creating ‘E”a"“
* New directions in a new millennium MlNDSToByS

and Powerful Ideas
e J

WITH AN INTRODUCTION BY JOHN SCULLEY
AND A NEW PREFACE BY THE AUTHOR

SEYMOUR PAPERT
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StarLogo TNG

StarLogo TNG: StarLogoBlocks - *New Project

« Easy and Playful
15t and 3" person perspectives
 Blurring games and simulations

StarLogo TNG: SpaceLand - fish and plankton fps

N
Reset Camera

Monitor My Fish 50

My Fish 50

—— A

| xcor:

( Delete

ycor:
= | heading:
/ L | altitude:
' X | ) size:

color:

| | pendown: [
. | invisible:

| energy:

) y 8 —

fish populations average turniness

setup

forever ‘

4 Factory > Edit Breeds Zoom -0
Subsets My Blocks
SetupandRun ) B i
Movement
Turtl
i oot Turtle|EverydSetup |Runtir Collisi
i @on _lorwavd steps 41
f —
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Understanding Complex Systems

* Connecting individual
actions to system-level
behaviors

« Exploring many complex
systems

 Biological Systems
 Social Systems
» Etc.

* Analyzing data,
assessing risk, designing
and testing solutions

#  StarLogoTNG File Edit Options Network Window Hel

Tine Graph

Clock 310 [frees 2200

FPS: 19 VMPS: 4.8

[k 510] Trees e

59 WMPS: 4.7




Cycles of Doing & Learning

Games & Simulation Cycle

Test/Tinker/Play

Observe/Collect Data

Scientific Method

No single investigation needs to span
the whole spectrum from design to
building to data collection, but multiple
experiences with different parts of this
process contribute to an understanding
of the role of simulations broadly.

Action Reflection Cycle

FEEDBACK FEEDBACK FEEDBACK FEEDBACK FEEDBACK

SUPPORT SUPPORT SUPPORT SUPPORT

The Action-Reflection Cycle of
Experiential Learning is a philosophical
framework that closely matches much of
the contemporary theory around using
games in a classroom.




BioGraph Learning Model

¢ V ; ‘]
g %
o

..v \u <
Computational (830rrtlplex

Thinking ystems

Predictability,
Biology Processes, Order,

and Emergence
and Scale

Develop 21t Century skills
Learn biology concepts better
Develop complex system and computational thinking
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BioGraph Sequence

Integrating biology and complex systems learning
in a defined sequence (with constraints)

Chemistry of Life Population Evolutionary Community
Ecology Biology Ecology

Species/
Environment

Random
Interactions

Individual | Evolution of
Populations

Individual | Population
Behaviors

Ecosystem
organization

Organization
of Molecules

of Atoms Interactions

Scale and Emergence .



Ex: Sugar Transport (chemistry of life)

Biology Learning Objectives:

 Understand that nutrients move from the
intestine through the epithelial cells into
the blood stream.

» Understand that there are different
types of transport proteins. Some allow s e et romome
nutrients to flow (facilitated transport/
facilitated diffusion). Others use energy
to force nutrients to flow (active and co- P—
transport).

Complex Systems Learning Objectives:

« Understand that random processes can
lead to predictable results.
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“WeblLogo”

WebLogo.html

€« C' O file:///C:/WebLogo%20Workspace/WeblLogo/bin-debug/Webloc 7 g
MO EBO®X e O @ = getfit % Virtual EMS « STEP ” [ Other bookmarks

— |
=X
WebLogo.html \ = -
| & C' O file:///C:/WeblLogo%20Workspace/WebLogo/bin-debug/WeblLogo.html w Qg

MO B O e O @ = getfit # Virtual EMS < STEP & Redmine (. OpenGoo () Mott & BAG !l SAPweb > [ Other bookmarks

Edit Breeds
m Agent View
New Widget







