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About the HCII

Carnegie Mellon’s Human-Computer Interaction Institute is
dedicated to research and education in topics related to technology
that supports human activity. The two-semester capstone project

connects teams of masters students with industry sponsors.
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The ISS Live! Project

General Public

Schedule Data
Telemetry Data

Emerging
Platforms

Final Presentation - NASA . CARNEGIE MeLLON HCIl - TEAM Pyxis



To design and prototype an iPad application
that uses real-time data from the International

Space Station to educate and captivate a new
generation of American youth.
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Today’s Agenda
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Field Research Demographics
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Field Research Demographics

Students

What are their goals and desires?
What motivates them?
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Field Research Demographics

NASA Students

What are their objectives? What are their goals and desires?
What is interQSti”g about the data? What motivates them?
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Field Research Demographics

Educators

How do they craft content and
communicate scientific material?

NASA Students

What are their objectives? What are their goals and desires?
What is i”terQSti”g about the data? What motivates them?
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Captivate Students’ Create a

Attention Visceral Experience
|

3 4

Relate it to Manage

their World Interruptions
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Many teachers start off their class with
a “hook”: something that attracts

attention or serves
draw students in.

as an enticement to
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. Captivate Students’ Attention

Curiosity arises from familiar topics with a new twist.
Students have diverse interests.
Visuals universally attract attention.

Hierarchy of information facilitates browsing.

Final Presentation - NASA . CARNEGIE MELLON HCII - TeEaM Pyxis



-_

}

Vs

-\ LR
-

3

losing battery power to the Soyuz. If we

“We had a major failure of the Russian
computing systems on the ISS... we were

didn’t have a solution in eight hours, we’d

have to abandon the space station.”

— James, flight controller

- TEAM Pyxis
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. Create a Visceral Experience

Hands-on presentation of information stands out.
Science experiments on the ISS is intriguing.

Technical details and experiential elements of life
in space interest students.

Emotion increases excitement and memorability.

High risk activities are most interesting.
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“You can go even deeper in physics and
talk about what kind of bonds there are
and what are the forces acting on the
molecules, and everything is really
connected.”

— |saac, 12th Grader
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- Relate It To Their World

Familiarity facilitates interest.
Students want to see value in what they learn.
Different perspectives enrich the story.

Camaraderie resonates with students and flight controllers.
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Mobile design takes into account
context of use, short attention span,
and is designed for interruptibility.

Final Presentation - NASA . CARNEGIE MELLON HCII - TeEaM Pyxis



. Manage Interruptions

Allow the users to flexibly enter and exit the application.
Minimize interruptions to workflow and user goals.

Put users in control in the process of interaction.
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Theme Relationship

Create a
Visceral
Experience

Relate It to
Their World

Captivate
Students’
Attention

o
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Manage
Interruptions

Final Presentation - NASA . CARNEGIE MELLON HCII - TeEaM Pyxis



Solution
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Introducing: ISS Watch

An iPad application that presents real-time station information to
encourage high school students to explore and learn more.
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June 3 ped ltlon 28 hundreds of experiments and so forth content needs to be written. Introduce
b/, 2011 - September, 2011 | these cycles, called “exped| do d-so and brief descrip-
k ¢ tion of an expedition.

Expedition 28 is the current expedition and is devoted to research in a variety
of topics, including how humanoid robots can operate in space, heat transfer
processes that could lead to better cooling systems on Earth, and even the
effects of low gravity on insects and plants.

tured Experiments Expedition Crew
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'obonaut Back to Expedition 1

ARob isa h id robot built and designed at NASA Johnson
Space Center in Houston, Texas. Our challenge is to build machines that can help
= humans work and explore in space. Working side by side with humans, or going
K1 where the risks are too great for people, Robonauts will expand our ability for
construction and discovery. Central to that effort is a capability we call dexter-
oous manipulation, embodied by an ability to use one's hand to do work, and our
challenge has been to build machines with dexterity that exceeds that of a
suited astronaut.

Now

There are currently four Robonauts, with others currently in development. This
allows us to study various types of mobility, control methods, and task applica-
tions. The value of a humanoid over other designs is the ability to use the same
workspace and tools - not only does this improve efficiency in the types of tools,
but also removes the need for specialized robotic connectors. Robonauts are
essential to NASA's future as we go beyond low earth orbit and continue to
explore the vast wonder that is space.

Robonaut is capable of lifting weight
up to 50 pounds, and more caption
text here.

Robonaut 2 or R2, launched to the International Space Station on space shuttle
. Discovery as part of the STS-133 mission, it is the first dexterous humanoid . ———
1P robot in space, -jmd the first US-built robot at t!me space station. But that was just ‘ ﬁﬂ?ﬂ’i
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A Robonaut is a dexterous humanoid robot built and designed at NASA Johnson

Space Center in Houston, Texas. Our challenge is to build machines that can help L\
humans work and explore in space. Working side
where the risks are too great for people, Robonauts will expand our ability for
construction and discovery. Central to that effort is a capability we call dexter-
ous manipulation, embodied by an ability to use one's hand to do work, and our
challenge has been to build machines with dexterity that exc s that of a
suited

side with humans, or going

tronaut

There are currently four Robonauts, with others currently in development. This
allows us to study various types of mobility, control methods, and task c
tions. The value of a humanoid over other designs is the ability to use the same
workspace and tools - not only does this improve efficiency in the types of tools,

a
yonaut r. ble of liftinc eight
but also removes the need for specialized robotic connectors. Robonauts are

essential to NASA's future as v
explore the vast nder that is space

jo beyond low earth orbit and continue to

Robonaut 2 or R2, launched to the International Space Station on space shuttle
3 mission, it is the first dexterous humanoid ’ i
f

robot in space, and the first US-built robot at the space station. But that was just

Discovery as part of the STS:

-



ISS Watch

CurrentTime | 1 I ~1
onthelss I.lgl:_' PR

http://t.co/U9PXqH) A story
#FromSpace about the spaceship we are
all riding through the Universe on
together Our @FragileOasis #NASA #ISS"

@Astro_Ron

NASA Research Offers New Prospect Of
Water On Mars

June 30,2011 ([

“System briefs and weather brief com-
plete. Scattered showers for tomorrow
so who knows what will happen. Family
time later today.”
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NASA Online Videos Provide New
Approach To Teach Science To Public
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H'H The International Space Station (ISS) is brief description of the ISS here, touting
Exped |t|0n 28 hundreds of experiments and so forth content needs to be written. Introduce

May, 2011 - September, 2011 expeditions: these cycles, called “expeditions,” do so-and-so and brief descrip-
% g tion of an expedition.
Expedition 28 is the current expedition and is devoted to research in a variety
of topics, including how humanoid robots can operate in space, heat transfer

processes that could lead to better cooling systems on Earth, and even the
effects of low gravity on insects and plants.

Featured Experiments Expedition Crew
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Media Schedule  Expedition

Robonaut Back to Expedition

A Robonaut is a dexterous humanoid robot built and designed at NASA Johnson
Space Center in Houston, Texas. Our challenge is to build machines that can help
humans work and explore in space. Working side by side with humans, or going
where the risks are too great for people, Robonauts will expand our ability for
construction and discovery. Central to that effort is a capability we call dexter-
ous manipulation, embodied by an ability to use one's hand to do work, and our
challenge has been to build machines with dexterity that exceeds that of a
suited astronaut.

There are currently four Robonauts, with others currently in development. This
allows us to study various types of mobility, control methods, and task applica-
tions. The value of a humanoid over other designs is the ability to use the same
workspace and tools - not only does this improve efficiency in the types of tools,
but also removes the need for specialized robotic connectors. Robonauts are
essential to NASA's future as we go beyond low earth orbit and continue to
explore the vast wonder that is space.

Robonaut is capable of lifting weight
up to 50 pounds, and more captior

text her

Robonaut 2 or R2, launched to the International Space Station on space shuttle

Discovery as part of the STS-133 mission, it is the first dexterous humanoid g\*
robot in space, and the first US-built robot at the space station. But that was just

one small step for a robot and one giant leap for robot-kind.

Initially R2 will be deployed on a fixed pedestal inside the ISS. Next steps include
a leg for climbing through the corridors of the Space Station, upgrades for R2 to
go outside into the vacuum of space, and then future lower bodies like legs and
wheels to propel the R2 across Lunar and Martian terrain. A four wheeled rover

called Centaur 2 is being evaluated at the 2010 Desert Field Test in Arizona as an
example of these future lower bodies for R2. Jonaut 2 p thits 15

askboard.
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Create a Visceral Experience
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Strength Training Exercise

During space flight, the microgravity environment is almost

P too easy on the human body and doesn't give the resistance Loemt S o—
needed for exercise. During this time, the crew uses the Thursday, June 30
Noo Resistance Exercise Device (which simulates weight training) 12:15 am - 1:00 pm on station ||
on the Space Station to help offset this loss.
Assigned Crew:
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2 . >
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Media Detail

@
NASA astronaut Scott Kelly, Expedition 26 commander, looks out the window of a Russian Search Mar. 16, 2011
and Rescue helicopter before the two-hour helicopter ride to Kustanay, Kazakhstan shortly after B’
he and fellow crew members Oleg Skripochka and Alexander Kaleri landed in their Soyuz 01M
capsule near the town of Arkalyk, Kazakhstan.
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Expedition 28

May, 2011 - September, 2011

Featured Experiments

L Vil

Robonaut

Spiders & Fruit Flies

: : e AN | K - Sergey Volkov o-
/“ A ey r \ Flight Engineer #3

Liquid Plasma Crystals

E?

Treadmill Kinetics

s=41

SPHERES

The International Space Station is a scientific research facility constructed in

orbit around the Earth. Crews of about six astronauts from various countries fly
several-month-long “expeditions” to the station, where they conduct dozens of
experiments and help to maintain and expand the station. ®

Expedition 28 is the current expedition and is devoted to research in a variety
of topics, including how humanoid robots can operate in space, heat transfer
processes that could lead to better cooling systems on Earth, and even the
effects of low gravity on insects and plants.

Expedition Crew

Andrei Borisenko
Station Commander

y
"\\. A. Samokutyayev
. Flight Engineer #1

Ron Garan
Flight Engineer #2

Spiders & Butterflies

Mike Fossum

A
1SS Ham Radio EY
® Flight Engineer #4

Cardiovascular Effects of Space Flight Engineer #5
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Kids in Microgravity

TeEaAM Pyxis

Overall description of the
expedition/space station

Astronauts on board this
expedition

Featured experiments



Astronaut Screen

atc T et
CurrentTime | 3 o |
on the Station LI 1. | S P

Station Tracker

Mike Fossum Expedition 1

“Some people explore the depths of the ocean; some
people explore the heavens.”

Why did you want to be an astronaut?

| was born two months after Sputnik launched, so | was really kind of a

child of the Space Age. |, and my dad thought that the space business
s A — and America’s space program was an important thing and he'd get us

r- i || Station Camera up in the middle of the night to watch the missions, and | remember as

Picture and short astronaut

ﬁ— g & a kid having the models and having the maps and I'd be plotting a o
”° ‘; “ where they were as they went from the Earth to the moon in their Flight Engineer £6 (NASA, American) I O g r a p y
2 \ orbit, where are they landing and I'd have the moon map and a pin for e Mateh 211962 in Jarmestown. VA

the next flight and those kind of things, and | just, like every other, just
red-blooded kid in the whole world, | think, | dreamed about flying in
space. Maybe one thing that is different is | never completely gave up
on that dream, for me it comes with so many different angles toiit, |

MS in Mechanical Engineering
PhD in Human Aeronautics & Spaceflight

“http://t.co/UYPxqH) A story mean. My ancestors were pioneers primarily in South Dakota, that
#FromSpace about the spaceship we are came across, came from Europe, and were looking for new opportunity 3 Twitter
all riding through the Universe on and they endured hardships and lived in very cramped conditions and
together Our @FragileOasis #NASA #1SS" had suffered through some awful harsh winters as they tried to figure Since a bunch of people are asking... Yes
@Astro_Ron out how to carve out their own place and create a way to live and to we're stiil in space. Scheduled to return to
prosper. | think part of that pioneering spirit's still alive, it's still alive in Earth #FromSpace Sept 8th
NASA Research Offers New Prospect Of all of us and | feel like it is in me. 4 hours ago T h . | b |
Water On Mars ® WeEtS W en aval a e
June 30,2011 () RT #StillFromSpace @FragileOasis W/ the
I'm going to get you to tell us about the Mike Fossum Story. Let's #STS-135 crew safely back on Earth, Ron
“System briefs and weather brief com- start in your hometown. Tell me about McAllen, Texas, and what it takes you behind the scenes #FromSpace
plete. Scattered showers for tomorrow was like to grow up there. 7 hours ago

0 Mo on A ML e o McAllen, Texas, is located down in the south tip of Texas, right on th
time later today.” en, lexas, Is located down In p of lexas, right on the @SethGreen talks about @FragileOasis on . . .
Y R Rio Grande River, and it was a great place to grow up. "Waswmm u Ote an retll t N te rview
sl edge of the United States in ways, there was a lot of open land down revealed he has friends in OUTER SPACE

there and great folks. Some of my best friends in the world are still
dqwn therg. It was kind of an odd mix of Hispanic cultuqe with a strong

bit.ly/nkmZz1 #FromSpace
20 lulv

NASA Online Videos Provide New
Annroach Ta Teach Science Ta Public
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Experiment Screen

Current Ti .
onl:;\r:gtatlir:: 83 { S P
ST Robonaut Expedition 1

Long description of the
experiment

A Robonaut is a dexterous humanoid robot built and designegat NASA Johnson
Space Center in Houston, Texas. Our challenge is to build machines that can help
humans work and explore in space. Working side by side with humans, or going
where the risks are too great for people, Robonauts will expand our ability for
construction and discovery. Central to that effort is a capability we call dexter-
ous manipulation, embodied by an ability to use one's hand to do work, and our
challenge has been to build machines with dexterity that exceeds that of a

suited astronaut.
=P ; ', e There are currently four Robonauts, with others currently in development. This
Iy i HEEE X allows us to study various types of mobility, control methods, and task applica-
it A tions. The value of a humanoid over other designs is the ability to use the same
’ - workspace and tools - not only does this improve efficiency in the types of tools, E:!:z";u;;c::: ::fdor:::ftl"cga:':g‘ht
but also removes the need for specialized robotic connectors. Robonauts are e

COSIRRE o Related media (when available)

Robonaut 2 or R2, launched to the International Space Station on space shuttle

AL A LT | NS g Discovery as part of the STS-133 mission, it is the first dexterous humanoid
:;'?g:gﬁ::g::;:i;ﬁ:gwe el robot in space, and the first US-built robot at the space station. But that was just
together Our @FragileOasis INASA #1SS" one small step for a robot and one giant leap for robot-kind.
@Astro_Ron 3 Initially R2 will be deployed on a fixed pedestal inside the ISS. Next steps include
a leg for climbing through the corridors of the Space Station, upgrades for R2 to
NASA Research Offers New Prospect Of go outside into the vacuum of space, and then future lower bodies like legs and
Water On Mars wheels to propel the R2 across Lunar and Martian terrain. A four wheeled rover
June 30,2011 [ called Centaur 2 is being evaluated at the 2010 Desert Field Test in Arizona as an
example of these future lower bodies for R2. Robonaut 2 practicing with its ISS
“System briefs and weather brief com- taskboard.
plete. Scattered showers for tomorrow Initially R2 will be deployed on a fixed pedestal inside the ISS. Next steps include
50 who knows what will happen. Family a leg for climbing through the corridors of the Space Station, upgrades for R2 to
time later today." go outside into the vacuum of space, and then future lower bodies like legs and
@hstro_Sandy W wheels to propel the R2 across Lunar and Martian terrain. A four wheeled rover
called Centaur 2 is being evaluated at the 2010 Desert Field Test in Arizona as an
NASA Online Videos Provide New example of these future lower bodies for R2.

Annroach Ta Teach Science Ta Public
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100+ Ideas

Rapid Persona-Based Brainwalking
Brainstorming Design Studio Fleshed-out ideas
Numerous rough ideas Persona-driven ideas
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Analysis ¢ Selection
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1. Idea Affinity 2. Three Criterion Evaluation
Group together similar ideas “I Wish” / “I Like” |/ “Design Ideas”
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Initial Concepts

Mission Control View Activity Collage
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Proposed Concept

100+ Ideas 4 |nitial Concepts Proposed Concept

L_JAJD

HERE | would allow him to see what activities

memerRy | the astronauts are performing on the 7

ze =) space station. He loves reading the

real-time telemetry to learn more about how the
values change and the impact it has on the sta-

. . . . . . . tion. This application helps him feel more in tune
ISS Watch is an iPad application that provides real-time information about e with the 1SS. Furthermore, he also finds himself

the ISS in a dynamic, SC|en't|ﬁc, and public-friendly way. It differs from Tapping an activityin the timeline reveals de- using the Event Countdown to keep track of the
other space-related educational resources because it focuses on the ISS tails. including a description, information about ~ MOre exciting events coming up.
and presents real data in the context of greater applications. The timeline the astronauts working on it, and any relevant

: — —  Steve has always been interested in
%J - o g iy space, and he jumped at the chance JMz
:/} “f s g to download 1SS Watch because it Qo7
e (A= &

Monitor the Station in Real-time

Povier ST

I
il
il

U = Tl

telemetry.
visualizes scheduled activities, sizing them based on appeal. The left panel
includes a live map tracking the station and a personalized feed that can
present countdowns to significant events, press releases, ISS articles, and | | - Fait:‘_ is ?'Wa)’;|°°kinz‘|§dﬂ;‘f Ine: I ﬂ\g
tweets from astronauts. j 3 =7 [oowmowermmar] 2PPlcalions that would hep her learn "
r f- '@z/'— Sigein E more about science. She stumbled L B
% : Q CHECK SO upon !SS Wat.ch ,and has been a fan /’_i\
d ool ever since. It isn’t as overwhelming
/ \ — el E as other educational applications
e i ‘ ] because it enlarges the more popular activities
T ; | === that may be more interesting for her, and it
] — | explains the experiments in more detail.
- JuNy [Iuds | ! l J:uﬂs zJ EaEE e
PRI APONE CopARTa e L b
X 'L"‘ . : B | Activities that are parts of extended projects
ROUTINE EXERC display information about the greater project.

THE 155 Additionally, science experiments include “Try

At Home” versions that allow students to un-

. : . v . j : : . , . : derstand the greater purpose of activities.
> AL REPA 1
. a‘ v R -| | DISCOVERY. SHUTTLE ! . . Taylor heard about ISS Watch
Y : Lt . . SN

7 = through her friends at school. Her

e

A
Q .

® . R - g ol ey favorite part of the app is the left x
pcoming oargs Z o ,"]L\ panel because she can read tweets \_,/
docking in-3:4Q hours || #" - as & ; .
from astronauts and news stories (V\

about their activities and missions
in space. The ISS Tracker tool was particularly
interesting for her because she never realized
that she would be able to view the ISS from her
home. She logs in periodically to see when the

The map leads to an augmented reality feature ISS will be in viewing distance.
that guides the user in tracking the ISS. When

the ISS is within viewing distance from the

user’s location, the tracking icon pulsates on

the map.

<] .
— "R KELLY - .

PRESS RELEASE: —

Space DRUMS experiment
Past

12500 PH JUNE B oot —

\ Carnegie
Mellon
University



Evaluation Methods

Usability Comprehension Desirability

Think-Aloud w/ Probing Comprehension Questions 60-Second Commercial
Paper Prototyping on iPad  Card Sorting Product Reaction Words
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Possible Future Direction: the ability to zoom in and out of the timeline.
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Possible Future Direction: truncate the sleep activity, improve category names.



3. Making It Feel More Real-Time
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Possible Future Direction: augmented reality ISS tracker, telemetry integration.



4. Improving Desirability Through Visuals

“Would you guys have photos of
that too?... Yeah that would be
cool. | think people would be
interested in that.”

— Jackie, high school student

“Maybe more pictures? Like if i
clicked on the exercise on
treadmill...maybe seeing a picture
of that... or video?”

— Ashley, high school student
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Possible Future Direction: more images for astronaut activities, have interesting

media for each featured experiments.



Conclusion
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Signals of Success



Signals of Success

Student feedback evolved from interface troubles
to curiosity and a desire for more.
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Next Steps and Maintenance
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Current Time S 5
onthelss I Amn Exped iti on 2 8 The International Space Station (ISS) is a scientific research facility constructed in
E A I l ' R E D X P E R I M E N I S orbit around the Earth. Crews of about six astronauts from various countries fly
I A
May, 2011 - September, 2011 onth-long “exp to the ISS, where they conduct dozens of
® X el {s] and help to in and expand the station.

Expedition 28 is the current expedition and is devoted to research in a variety
of topics, including how humanoid robots can operate in space, heat transfer
processes that could lead to better cooling systems on Earth, and even the
effects of low gravity on insects and plants.
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Future Research

WHO IS USING THE APPLICATION?

WHAT ARE THEY USING THE APPLICATION FOR?
How CAN IT IMPROVE?

How EFFECTIVE IS THE APPLICATION?

CAN WE REACH A BROADER AUDIENCE?




Future Directions

1. TELEMETRY INTEGRATION

2. PAST EXPEDITIONS INTEGRATION

3. AUGMENTED REALITY VIEW FOR ISS TRACKING
4. Do-IT-AT-HOME VERSIONS OF EXPERIMENTS

5. AND MORE! (CHECK OUT OUR REPORT)



Feedback Video
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Background Research
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Background Research

Tony’s space book pics

LITERATURE REVIEW

37 ARTICLES, TALKS, AND BOOKS
Connect new knowledge to prior knowledge.
Better Integration of education and entertainment.

COMPETITIVE ANALYSIS

5 SPACE AND SCIENCE IPAD APPS
Cool interaction is key.
Immediate engagement is crucial.
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Research Demographics
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Field Research Demographics

13 FLIGHT CONTROLLERS

NASA 0000000000000

23 STUDENTS
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Research Methods
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E—

Flight Controllers

CONTEXTUAL OBSERVATION

observe the practice of flight controllers using
scheduling systems.

AcCTIVITY AFFINITY

understand which ISS activities happen most
frequently and which are most exciting.

INTERVIEWS

uncover the reasons behind flight controllers’
passions for space.

Final Presentation - NASA . CARNEGIE MELLON HCII - TeEaM Pyxis



Educators

CLASSROOM OBSERVATION

learn how teachers interact with the students to
communicate technical information

INTERVIEW
further understanding of what methods worked

——
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Students

PosTCARD DRAWING ACTIVITY
discover what students know about space.

BACKGROUND INTERVIEWS

learn how they use smartphones/schedules, and
talk about their interest in space.

CARD ACTIVITIES

understand what'’s interesting to students about
space and their daily activities /classes.

CONTEXTUAL THINKALOUDS

uncover how students discover new educational
applications and evaluate their usefulness.
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Insights
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Usage Scenario
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