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ENGAGE Program Introduction
By CAPT Russell Shilling, Ph.D., MSC, USN

Program Manager ( Email: russell.shilling@darpa.mil )

Training, which is conduct-
ed in classroom, field, and
virtual settings, is a critical
element of military readi-
ness. Large-scale social
networks, interactive con-
tent, and ubiquitous mobile
access are emerging as
driving technologies in ed-
ucation and training. At

the same time, education
analytics presents new op-
portunities for assessing
the effectiveness of train-
ing strategies, understand-
ing trends and effects in
large volumes of education
data, and relating these
back to alternative modes
of instruction.

DARPA created the EN-
GAGE program to enable
the development of educa-
tion and training systems

that are better, faster, con-
tinuously optimized, and
massively scalable. EN-
GAGE is exploring software
- and data-intensive educa-
tion and training methods
that harness the power of
large user populations to
optimize instruction.
Where traditional educa-
tional assessments tested
effectiveness on small
samples (<100), the EN-
GAGE approach to assess-
ment involves 1000’s or
10,000’s of students. To
facilitate this approach,
ENGAGE has focused ini-
tially on interactive tech-
nologies for K-12 students,
including those served by
the U.S. Department of
Defense Education Activity
(DoDEA), a government-
sponsored organization
responsible for educating
the children of military per-
sonnel around the world.
It is anticipated that the
same techniques used in
the ENGAGE program to

optimize educational con-
tent and instruction in
math and science can be
applied to a wide variety of
military and civilian training
contexts

To date, ENGAGE has cre-
ated several interactive
learning sites, with new
programs debuting every
few months for both desk-
top and mobile devices.

ENGAGE highlights

include::

- Refraction

- Treefrog Treasure

- Computer Science
Student Network

- CS2N Virtual Robot
Worlds

- Neurostorm

- OurSpace

- CMU’s ETC Helios

- Washington State
Algebra Challenge
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DragonBox

ENGAGE: Games for Education and Training

Center for Game Science, University of Washington http://algebrachallenge.org/

What are the general meth-
ods for discovering optimal
learning pathways to bring
novices to experts in a giv-
en knowledge domain? Our
goal is to design a novel
way of learning and real-
world problem solving by
determining the optimal
human-computer symbiotic
learning and problem solv-
ing framework. Computer
games allow us to dynami-
cally alter content and chal-
lenge level in response to
the user’s play. By doing
this, we can remove mis-
conceptions and develop
both conceptual and proce-
dural understanding in a
given domain.

We are currently develop-
ing and testing five differ-
ent games about math. We
are working with learning
scientists to study the
transfer of math under-
standing from our game-
based learning framework
into traditional tests. We
are also studying players’
affective and behavioral
states during play. We ex-
pect to learn classifiers
which can tell if students
are confused, frustrated,
bored, happy, concentrat-
ing, etc. while playing,
based solely on this data.
Additionally, these metrics

may give us some infor-
mation about what players
will do in the future, how
well they understand the
content, or what emotions
they are currently experi-
encing. That, in turn, will
feed back into our automat-
ed assessment and game
adaptivity.

Smoothly integrating the
games into real-world class-
room settings is the next
challenge, for which we are
developing specific curricu-
lum modules that can be
easily implemented by any
teacher.

We recently ran an event
called the Washington State
Algebra Challenge. The goal
of the Algebra Challenge
event was to improve spe-
cialization methods that can
achieve mastery for every
student in the classroom. In
the end we far exceeded
our goal of 250,000 equa-
tions over a one-week peri-
od, reaching almost
400,000 equations solved
inside of a specially modi-

fied, adaptive version of
DragonBox, with participa-
tion from a total of 4,192
students from public and
private schools, home
school programs, and after
school groups.

The early results of the Al-
gebra Challenge showed
that mastery of linear equa-
tion solving can be reached
in just 1.5 hours of play.
More importantly, that mas-
tery is not reached by a
select few, but by the near-
ly the whole classroom. The
average mastery rate for all
grades was 92.9% after 1.5
hours. This is especially
surprising since many of
the participants were in
elementary school, where
algebra is usually not con-
sidered (it is commonly a
milestone for 7th and 8th
graders). We believe the
adaptive nature of the
game was instrumental in
achieving these results.
Only a tiny percentage of
students finished the game
without requiring at least
some remediation. Some
grades required significant-
ly more effort and review
than others. The game was
able to adapt in real-time to
each student in order to
maximize the likelihood of
mastery. As a result, some
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ENGAGE: Games for Education and Training (Continued)

Center for Game Science, University of Washington http://algebrachallenge.org/

students played almost 10
times more levels than oth-
ers. The engagement struc-
tures of the game ensured
that they persisted through
this challenge.

Some of the significant re-
sults and findings to come
out since the inception of
the ENGAGE program Uni-
versity of Washington re-
search have been the fol-
lowing:

An infinitely adaptable in-
teractive curriculum can be
automatically optimized
through use of student and
teacher data, to achieve
staggering feats of mastery
by 93% of all students even
5 to 6 years earlier than
such material is introduced
in standard schools. Like-
wise, the same structures
were able to lead complete
scientific novices towards
publishing 4 scientific dis-
coveries in biochemistry in
less than a year. These
discoveries were world-
class and they were pub-
lished in the most eminent
scientific journals. While
we demonstrated these
outcomes on a few isolated
instances, our goal is to
transform educational pro-
cess by covering more
learning and scientific do-

mains and show that these
learning structures work for
every learner.

There are four intercon-
nected novel aspects of our
approach that make this
possible:

1. develop highly-malleable
curriculum capable of maxi-
mally adapting to each
learner. We've developed
new techniques that can
turn a standard curriculum
into an infinitely variable
one.

2. Use machine learning to
explore the space of curric-
ulum variations to adjust to
each learner and each tu-
tor. Our methods adapt
best practices on the fly
with every new data point.

3. Optimize for both en-
gagement and mastery at
the same time. This re-
quires new learner models
that incorporate more com-
plete psychological descrip-
tion of a learner, rather
than standard models that
primarily consider mastery
on a learning domain.

4. Optimize the entire
learning ecosystem that
includes teacher, class-
room, parent. Rather than
deliver just the learner in-

tervention, our framework
aims to optimize for the
skills of the tutors, as well
as the classroom environ-
ment towards best out-
comes. Our learning deliv-
ery structures aim at devel-
opment of not just learners,
but also tutors, teachers
and parents. These struc-
tures also maximize the
usefulness of the support
system without presuppos-
ing exiting skills. This al-
lows for strong results even
in environments where tu-
tors and parents do not
have any knowledge of the
learning content.

Treefrog Adventures

ENGAGE
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PurSpace

RoboBall; Game based introduction to physics concepts for K-3.

Intific, Inc.

Figure 1 —

Intific’s OurSpace Game Portal;

RoboBall’s Main Webpage.

RoboBall is a deterministic
physics game for students
K-3, focusing on mass, mo-
tion and force. The game
concepts are paired with
validated force and motion
physics concepts developed
by CRESST at UCLA and Dr.
Paul Horwitz, a well-known
physicist. The physics
learning progressions are
measured throughout
gameplay and correspond
to a student’s understand-
ing of those concepts. The
goal is gameplay that re-
sults in measureable met-
rics that demonstrate that
the game provides an inno-
vative approach to physics
learning and student emo-
tional resilience.

Intific’'s RoboBall game was
created for DARPA’s EN-
GAGE program, and has
been developed, assessed

and refined over the past 2
years. During this time the
team has generated an
HTMLS5 editor, 100+ phys-
ics puzzle levels, 6 social
emotional learning scenari-
os, and data structures that
aid in educational efficacy
assessments. The Open
Beta release includes an
adaptive learning feature
that tailors the game to
each user based on his or
her performance. The In-
tific team collaborated with
educators, researchers and
students to develop scaf-
folding for physics peda-
gogies that are intuitive for
the target age range. Feed-
back gathered from DARPA,
CRESST at UCLA, Sesame
Street Workshop, and The
Electric Company was used
to refine the final game
concept.

¢ inTIFIC

Intific has built a Test-
Ready physics puzzle and
emotional resilience game
that can be used to evalu-
ate the effectiveness of
gameplay and learning pro-
gressions in a digital for-
mat. This is done by lever-
aging the in-game assess-
ment data output by Ro-
boBall. The game captures
every data point from
gameplay and makes it ac-
cessible from the OurSpace
website where RoboBall is
hosted. Researchers can
view up to 100 data logs on
a single webpage or down-
load a .csv file for further
examination.

Intific is exploring transition
opportunities to bring the
game to a wider audience.
Look for those announce-
ments in early 2014.
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ENGAGE CRESST Program Overview

UCLA/CRESST http://engage.cse.ucla.edu

The goal of the ENGAGE
CRESST project is to conduct
high-quality research, devel-
opment, assessment, and
evaluation of video games to
help young children learn ad-
vanced physics and promote
scientific reasoning and socio-
emotional skills. As the educa-
tional experts within an inter-
disciplinary team of designers,
developers, and artists, the

Student Testing (CRESST) is
generating knowledge, mod-
els, and tools that contribute
to the research and develop-
ment (R&D) field on how to
effectively create, evaluate,
design, and test games.

TESTBED DESIGN MODEL

Building on prior CRESST
work, the ENGAGE CRESST
project follows a model of

and allows researchers to be
agile in their testing.

ENGAGE CRESST developed
two games as testbed envi-
ronments to address the com-
plexities of game development
(game design, graphics, learn-
ing, assessment), the uncer-
tainties of the research out-
comes, the fast iteration re-
quired to support data collec-

ENGAGE
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tion, and uncertain school
schedules.

National Center for Research
on Evaluation, Standards, and

game development that sup-
ports rapid changes to games
CRESST TESTBED GAMES:

In Go Vector Go, children learn by:

0o 0.0 Solving force and motion problems involving interactions between
force magnitude and direction, friction, slope, mass, and gravi-
ty.

Engaging in game mechanics that use accurate physics representa-
tions.

Programming Vector the train by manipulating parameters of
physics factors.

Adaptive gameplay that provides a personalized game experience.

Playing mini-games that promote pattern recognition and data
analysis.

Using the video replay function to review their gameplay.

This ndbox level, there are no goals!
N 10 the lefl to aavance 10 the next level!

»> 1 c»_ Borwsy
http://engage.cse.ucla.edu/GVG.html

Go Vector Go has been tested with 277 students (K-5). They showed significant improvement after 45 minutes of
gameplay. The .6 effect size indicates that Go Vector Go is an effective game for learning.

In Team Vector to the Rescue, kids learn key SEL and physics skills by:

Resolving and de-escalating observed bullying conflicts.

Responding appropriately to scenarios depicting children in prob-
lematic situations.

Manipulating physics components (i.e., force, friction, motion,
mass, and slope) to ride Vector the train to reach the children need-
ing their help.

Problem solving what physics parameters will get them to the chil-

- ' dren the fastest.
http://engage.cse.ucla.edu/TV.html

Team Vector to the Rescue has been tested with 117 students (K-5). They showed significant improvement after 30
minutes of gameplay.
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Helios

Pre-test Post-test
Table 1. Results from
educational assessment
of Rumble Blocks,
showing 95%
confidence bars and
accuracy scores on
contrasting cases pre-

and post-tests.

RumbleBlocks

ENGAGE Games Developed by the Entertainment Technology Center
Carnegie Mellon University/ETC
http://www.etc.cmu.edu/projects/impact/?page_id=18

The communications theo-
rist Marshall McLuhan once
stated: "Anyone who thinks
education and entertain-
ment are different doesn't
know much about either."
People of all ages and espe-
cially today’s "born digital"
youth find games fun. If
learning complex concepts
can be viewed as play ra-
ther than work, i.e., can be
packaged in a game rich
with intrinsic motivational
fantasy, then students may
learn more and develop
positive attitudes toward
the topics of study as a re-
sult of the game interac-
tions.

As part of the ENGAGE pro-
gram, teams at Carnegie
Mellon University’s Enter-
tainment Technology Center
have developed four dy-
namic games, demonstrat-
ing their efficacy for early
learning. These Unity
games were designed with
feedback from early child-
hood educators and learn-
ing researchers. The ETC is
known for an iterative, or-
ganic approach to the de-
velopment of games de-
signed to teach. Our crea-
tive methodology is rooted
in the belief that unless the
game is fun when com-
pared to all games (not just

"educational games"), the
odds of the student being
engaged by the game itself
greatly diminishes and,
along with the associated
lack of engagement, so too
will diminish the opportuni-
ties for deeper learning.

The educational games un-
der development are being
evaluated based on: effec-
tiveness for learning, crea-
tivity and entertainment
afforded to players, impact
on the attitudes of students
toward the concepts being
taught, as well as objective
evaluation metrics of
knowledge gained. The first
two and most mature
games, RumbleBlocks and
Beanstalk, have been tested
with over six hundred chil-
dren in schools. Both have
shown to foster learning
and engagement. Out-
comes of these evaluations
are being used to continual-
ly improve the games.

Our newest ENGAGE game,
called Helios had design
decisions that were particu-
larly influenced through
collaboration with Sesame
Workshop, who provides
professional and experi-
enced insight into develop-
ment of educational materi-
als for children.

Although the creation of
several effective games for
learning is useful, we strive
for much broader impact.
Under MacArthur Founda-
tion funding, the ETC is cre-
ating the Working Examples
web site (http://
workingexamples.org). The
goal of the site is to collect
lessons learned in the crea-
tion of new media for learn-
ing. It is leveraging the
power of "markets" and
"crowds" and collaborations
to make new discoveries
and break out of traditional
molds for creating serious
games that teach. We are
codifying our design deci-
sions and development pro-
cesses which are showing
that tight coupling between
the educational and play/
story aspects of the game is
essential. This ensures the
learning in our games hap-
pens as part of the funda-
mental game play (rather
than being an interruption
to the game elements). Our
model will be made availa-
ble through the Working
Examples website as an
exemplar for individuals,
organizations, and agencies
for their use in an effort to
spread best practices devel-
oped under the sponsorship
of the ENGAGE program.
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DARPA is Developing Games that Teach Kids how to Program Robots!
By Carnegie Mellon’s Robotics Academy (CMU/RA) http://www.cs2n.org

Robotics Competition
Simulated Games

DARPA and Carnegie
Mellon’s Robotics Academy
(CMU) have teamed with
the two largest Robotics
Competition sponsors in
the United States, FIRST
Robotics and the REC
Foundation, and are devel-
oping games that are scala-
ble and reconfigurable that
teach students how to pro-
gram robots. The robotics
competition sponsors tar-
get middle and high school
age students from both
formal and informal learn-
ing environments and use
robotics competitions to
motivate more students to
pursue Computer Science
and Engineering careers.
Each year competition
sponsors develop a new
robotics game and over
10,000 US teams partici-
pate in the robotics compe-
titions that this project sup-
ports. CMU has developed
technology using virtual
robots that includes the
same sensor types that are
found on the physical com-
petition robots (infrared,
accelerometer, encoder,
gyro, light, and touch sen-
sors), a realistic physics
engine, a real-time debug-

ger, virtual robots that are
programmed using the
same programming lan-
guages used to control the
physical robots, and a sim-
ulated representation of
the robotic challenge. This
project solves a major ob-
stacle that teams face
when trying to teach a
large number of students
to program their team'’s
robot, the cost of providing
individual robots for each
student, and provides stu-
dents the opportunity to
continue learning program-
ming at home.

CMU provides the robotics
competition community
with several versions of
each game. First, one that
is designed to simulate the
actual competition which
involves a combination of
remote control and autono-
mous programming, and
second, a game that is
slightly modified and can
be challenged using all au-
tonomous programming.
The modifications include:
“safe zones” where stu-
dents can upload additional
autonomous code on their
robots without penalties,
“auto-load zones” where
students can go to get
game scoring pieces, and
in some case a slightly

modified playing surface.
And lastly, a Learning Man-
agement System that in-
cludes other simulated
worlds designed to scaffold
instruction for new pro-
grammers.

The games integrate auto-
mated assessment tools
(badges) designed to track
student progress using
DARPA/CMU’s Computer
Science Student Network
(CS2N) website and share
the student’s progress with
the student’s teachers as
well as researchers on the
project. Badges are award-
ed as students demonstrate
programming competencies
as they play the games.
During the summer of 2013
CMU'’s Robotic Academy
hosted a virtual Robotics
Summer of Learning
(RSOL) where students
participated in online clas-
ses, played simulated
games, and competed in a
virtual competition. Over
2,500 students participated
the virtual class and com-
petition and thousands of
other students pro-
grammed virtual robots;
students earned over
50,000 programming badg-
es! There is significant
evidence that the robotics
simulation environments

ENGAGE
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DARPA is Developing Games that Teach Kids how to Program Robots!
By Carnegie Mellon’s Robotics Academy (CMU/RA) (CONTINUED)

are moving into classrooms
across the US; from August
through September 2013
over 175 teachers have
setup virtual classrooms via
the Computer Science Stu-
dent Network that enable
them to track their stu-
dent’s progress; many of
those teachers setup multi-
ple classroom sections.
Select the Robotics Acade-
my Summer of Learning
picture to learn more about
our virtual robotics compe-
titions.

Initial Research on Mo-
tivation and Persistence

One part of our research
involves investigating
whether the Badges that
we've integrated into our
games can motivate longer
and deeper learning. Dur-
ing the RSOL project stu-
dents were randomly sort-
ed into groups which re-
ceived Badges throughout
their course of study, and
groups which interacted
with the exact same curric-
ulum and activities, but
without Badges displayed.
With the Summer of Learn-
ing events now concluded,
analysis of the data is in
progress. Through this and
future studies, CS2N will

directly support the collec-
tion of meaningful experi-
mental data to answer key
empirical questions about
the effectiveness of Badges
in both motivation and cre-
dentialing, and the eventu-
al establishment of best
practices surrounding
Badges.

The first paper on the moti-
vational effects of Badges
in CS2N was published in
March of 2013, document-
ing large, subtle trends in
student response to Badg-
es, which warrant careful
consideration in the design
of Badge systems!

The picture at the left
shows a badge earned in
the Operation Reset pro-
gramming environment. In
order to earn this badge,
students are required to
write a program to navi-
gate to the communica-
tions tower. Once they re-
set the communication
tower they open up addi-
tional levels and new pro-
gramming challenges.

Multi-Robot, Cloud-
based Game Develop-
ment

Many robotics competitions
have teams competing
against each other with
robots that are controlled
using a combination of au-
tonomous and remote con-
trol code. CMU recently
completed another mile-
stone when it demonstrat-
ed that it could have multi-
ple robots compete in a
cloud-based simulation of
those competitions. Game
players played a game on
four different computers in
four different locations on a
cloud-based environment.
This innovative technology
provides the following edu-
cational opportunities:

Students can program their
virtual robots to compete
or collaborate with other
robot teams without having
to travel, saving thousands
of dollars.

Current educational tech-
nologies offer students the
opportunity to program
single robots to solve single
robot problems. This tech-
nology will enable students
to program multiple robots
to communicate autono-
mously to complete tasks
collaboratively. This is a
game-changer; all robot-
icists know that all future
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DARPA is Developing Games that Teach Kids how to Program Robots!

By Carnegie Mellon’s Robotics Academy (CMU/RA) (CONTINUED)

robot systems will be part
of much larger communica-
tion networks. It is impera-
tive that we begin develop-
ing future innovators today
that able to design and
program these systems
tomorrow.

Over the next two months,
the focus of this project will
be to improve the game in
four main areas: Game
Synchronization, Player
Communication, Perfor-
mance, and UL.

Game Synchronization: It's
crucial that the game clock
and location of all of the
game objects is the same
for all players. If one player
moves a ball, that same
movement must appear in
all instances of the game.
The system must be intelli-
gent enough to synchronize
4 robots and over 30 game
objects, with every player
constantly making changes
to the environment!

Player Communication: In
the real-world version of
these competitions, you
can easily talk with mem-
bers of the other team to
convey your robots ability,
desired starting point, and
gameplay tactics. This is a
challenge in a virtual, cloud

-based setting; we've im-
plemented Chat functionali-
ty, with the ability to talk
with just your partner or all
players. Making it intuitive
to use and including an
adequate set of messages
for clear communication is
key.

Performance: Rendering a
single robot on a game
field is similar to asking
your computer to render a
character and environment
in a video game. Rendering
four robots is even more
resource intensive, so part
of our research will be
spent optimizing the per-
formance requirements. To
add to this, we'll also be
optimizing the amount of
data traffic needed to keep
all instances of a match
synchronized, without us-
ing excessive bandwidth.

User Interface: if we want
this technology to go to
scale, then the UI has to be
intuitive.

In January this game will
be tested by multiple robot
teams from different re-
gions of the country. The
project development team
is currently modeling
games around the robotics
competition community,

but in the future envisions
developing games that use
Real Time Data Sites that
stream data into the game
different variable in the
game so that the game is
different and interesting
every time it is played. The
long-term focus of the pro-
ject is to develop a multi-
player online game that
teaches multi-robot com-
munications, programming,
data logging and analysis,
and is fun.

Expedition Atlantis, a
Calculated Deep Sea
Underwater Adventure -
Developing a Game that
Teaches Algorithmic
Thinking and Mathe-
matics

Expedition Atlantis takes
the lessons learned during
CMU/University of Pitts-
burgh Learning Research
and Development Center’s
(LRDC) NSF funded Robot
Algebra Project and inte-
grates them into a game
designed to teach kids the
math behind robot move-
ment. The game success-
fully integrates the motiva-
tional effects of the Legend
of Atlantis, robots, and a
graphically stimulating un-
derwater environment to
teach proportional reason-

ENGAGE
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The project team mod-
eled above is the 2013-
14 REC Foundation VEX
Toss-Up game.

ATLANT:‘S
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DARPA is Developing Games that Teach Kids how to Program Robots!
By Carnegie Mellon’s Robotics Academy (CMU/RA) (CONTINUED)

ing. Students are placed in
the role of underwater ex-
plorer as they attempt to
solve the riddle of Atlantis.
Explorers learn how to play
the game “in the game”

[oveuent ) TurninG |

and their intuitive under-
standing of proportional
reasoning is challenged and
strengthened as they math-
ematically move their robot
through the underwater

puzzle.

The Robot Algebra Project
was a four year collabora-
tive study by CMU and
LRDC where we studied
how informal and formal
education settings taught
robot math. We observed
that many educators pro-
pose to use robotics as an
organizer to teach mathe-
matics, but we found that
few actually foregrounded
the robot math in ways
that were effective. We
learned that in order to be
effective we needed to sep-
arate the mathematics
from the programming and
that in order to generalize
a student’s understanding
of the mathematics that we
needed to create tools for
teachers enabling them to
make connections between
robot math and real world
math. This game targets
proportional reasoning
which is taught in 4th and
5th grade level mathemat-
ics classes, but has shown
to be engaging to older
students also. The game
includes math problems at
multiple math levels: all
problems in whole num-
bers, simple rational num-
bers (i.e. 1.5, 2.5), and any

rational number, enabling
differentiated instruction so
that all students can be
successful. We've written
nuMerous papers on
“Teaching Robot Math” and
they can be reviewed at:
http://www.cs2n.org/
teachers/research

In order to make the game
more mathematically rich
we developed a Robot
Transformer which enables
students to outfit their ro-
bots with different diame-
ter wheels and different
robot chassis. The wheel
diameters and chassis sizes
we specifically designed by
the game designers to en-
hance the mathematical
challenges integrated into
the game. In order to en-
sure that students actually
use all robot types different
parts of the game require
students to change robots.
Expedition Atlantis is being
tested in four middle
schools this fall. It is also
Badge enabled and con-
nected through CS2N and
will be tested by our online
community. Testing in-
cludes pre and posttests
analysis, classroom obser-
vations, and exit interviews
with all stakeholders. Select
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By Carnegie Mellon’s Robotics Academy (CMU/RA) (CONTINUED)

the picture for a quick look
at screenshots as well as a
detailed explanation of Ex-
pedition Atlantis.

Badges Earned in
Games Lead to Certifi-
cations

Modern digital Badges are
descendants of both the
merit badge systems from
the Scouting tradition (e.g.
Boy Scouts, Girl Scouts),
and the Achievement sys-
tems of online video gam-
ing. Badges connect ac-
complishments using a
compact, portable form of
recognition designed to
motivate earners to pursue
further achievement. CMU
is focused on designing
Badges that are awarded
when students demon-
strate programming profi-
ciency. The Badges are
accompanied by direct evi-
dence student work — a
copy of source code, a
sample of exam questions,
or another type of compu-
tational artifact. Our project
aligns with CS Principle’s
Computational Thinking
Practices identified as im-
portant for all students to
understand by NSF Special
Projects 0938336
(Astrachan, et al., 2009-

2013) and is currently be-
ing used to assess both
students and teachers as
they work toward college
and industry recognized
certifications.

CMU uses Badges to moti-
vate students, help them to
define pathways and set
goals, and indicate that
they have mastered con-
cepts.

The Badge Pathway illus-
trated to the right provides
a Badge-based map show-
ing a learner potential next
steps as well as the types
of computational artifacts
that they can link to the
badge. The badge then
serves as a digital portfolio
that enables badge earners
to show off their accom-
plishments.

The evidence page enables
badge reviewers to see:
the level of proficiency,
When the badge was
earned, a sample of the
test questions, who award-
ed the badge, links to com-
putational artifacts, and
how it the badge aligns
with academic or industry
standards.

Using Games as part of
Teacher Certifications

Computer
[ Science

= eploing  EXploring Computer Science

~ofire

RODOUCS

? Carnegie Mellon
Robotics Academy

JoeyEinstein's Coursework

JoeyEinstein's Artifacts and Evidence

DHEO0DIV

ROBOTC Programming Foundations (RVW)

te mastery of als including , values, ¢ 3
loops, and functions using the ROBOTC programming language and the Robat Vinual Worlds
Curriculum Companion simulation environment

DS

£ Requirements
= Complete all kevels in the Robot Virual Worlds Cumiculum Companion
Earned: 100% complete on Feb & 2013

Feb 8, 2013
= Pass the ROBOTC Cenified Programimer writien examination

Expires: N/A Completed with a score of 88% on Feb & 2013

= Received a cenfied instruclors endorsement of your qualifcation
= Altach a code sample demonstrating mastery of one or mare of the follwang concepts
conditional statements. loops, of functions
Click here for a submitied code sampie
“This is my program from (e kne Facking chalenge showing a conditional statement
contained inside 3 ioop. By repealing the decision code, the robol can maintain is
[position on the fine

& Standards
= Cofiege Board AP Computer Science Principles »

[ Pathways
= “Basic Programming Concepts™
= "ROBOTC Basics” in Robatics A

CMU had developed badge
pathways that include
badges earned in games
that lead to certifications.
Parts of the authentic as-
sessment, where students
demonstrate proficiency,
can be earned by earning
badges in the games. Certi-
fied teachers have the abil-
ity to CS2N class groups
and use curriculum with
students. Teachers can
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DARPA is Developing Games that Teach Kids how to Program Robots!
By Carnegie Mellon’s Robotics Academy (CMU/RA) (CONTINUED)

then view the Badge trail
left by students in their
classes as they progress,
giving them a data-driven
assessment tool for both
progress and mastery
(based on the content of
the student badges).

How to create a teach-
er/student learning
community in their
school that promotes
active learning, team-
work, and problem

ing covers:

solving that is jointly

Our project develops re-
sources for and trains

FIRST and REC Competi-

tion teachers. Certified

teachers earn a pedagogy
badge when they partici-

led by students and
teachers.

What appropriate ques-
tioning techniques look
like, and how to ask
students leading ques-

tions.

How to scaffolding CS
Instruction—teachers
wear a “student hat”
when they are learn-
ing, and then switch to
a “teacher hat” during
the end of session dis-
cussion when they dis-
cuss pedagogy.

Common student pro-
gramming misconcep-
tions and how to debug
code.

pate in CMU training. Train-

Robotics Academy Certified Robotics Instructors

!EB Advanccd ROBOTC

s

Advanced ROBOTC " Roboties Teaching Certification

Programoing Cernfication T gt pmted
Mary Joves, Nertinkat Hogh Seioel
— L B bty ety o e e g St SOR0TC
g e el it blhes Uty 4 e povang
e pregremeneg et fnrtes W o g wore of PP or highe
Advanced Leve! Programmer

?l arpegie Vidbe
? Robonits Arademmy

Work Experience

Resume-Based
Credentials | °®

Indirect Claims
of expertise

List your work expeniences below, starting with your most recent one.

That robotics is an ec-
lectic mix of technology
and academic concepts
and that it is necessary
to foreground and
measure a topic if they
want students to learn
it.

Work Experience 1

Employer Start Date
montn [ [ vear [+]

Cunent Job

~ob Title End Dste

‘ Month | = || Year |«

Job Responsibilities

Badge-Based
Credentials

Verifiable Evidence
of expertise °

Hover over any Badge to view evidence of applicant’s qualifications or experience:

1. Understand the design prindples of integrated electromechanical and software systems
How to use specific

CMRA/LRDC pedagogy
and curricular support

Robatics Corridor Technician Certification

Demonstrate technical proficiency in areas identified by key robatics industry stakeholders,
including the design and prototype testing of electromechanical systems, maintenance of...
Mouse over badge for additional infgrmetion

FIRST Robotics Competition Team: Participant tools.

Member of a 2013 FIRST Robotics Competition team, participating in at least one regional
competition. Participated in the desian, construction, testing, and marketing of a robot...
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