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#e]  Knowledge Production™ ...
or “"Problem Solving”?
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i Examples of Problems We Must
| Solve in the 21st Century

e Increase energy production by 5, while
reducing GHG emissions by 2 or more

e Mitigate and adapt to climate change
e Address increasingly drug resistant diseases

e Provide meaningful livelihoods for 9B people

One far-from-exhausted resource

- Human intelligence <



£ |

For Example

Facing an avian flu outbreak, we want to
understand its biology and epidemiology

I search for relevant models, data sets,
validation methods, past simulation results

I combine these diverse components, run
simulations, apply validation methods

I perform physical experiments
I publish my data, methods, codes

Others evaluate, annotate, criticize, apply,
modify, extend, my methods and results



For Example

| . 9"3
e Facing an avian flu outbreak, v O(,@ . to
understand its biology and Q( “niology

o I search for relevant ~ X\, data sets,
validation methor*’(é‘&eﬂ simulation results

e I combine th~ @\e’ crse components, run
simulatie- @C uly validation methods

o | pev’o\“ snysical experiments
o '\@ .sh my data, methods, codes

‘e‘,chers evaluate, annotate, criticize, apply,
modify, extend, my methods and results



1 A Human-Centered Approach
to Accelerating Innovation

1. Understand how people solve problems

¢ Study problem solving as an end-to-end,
human-centered activity

2. Enhance [individual] human intelligence

o Tools to enhance how we search, analyze,
model, learn (“human-computer symbiosis”)

3. Catalyze knowledge communities

o Tools to help communities form, evolve,
work, debate, teach, learn



i What'’s the Connection
to Virtual Environments?

1. Understand how people solve problems

= VEs as experimental platforms for
studies of human behavior

2. Enhance [individual] human intelligence

= VEs for problem-solving, data
exploration, etc.; mirror worlds

3. Catalyze knowledge communities

= VEs for virtual communities, facilitating
formation and operation

In any and all combinations




£ Just What is
a “Virtual Environment”?

“A computer-simulated environment (real or
virtual) with which human(s) can interact”

That is, a combination of two powerful
information processing tools
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::;:“- C The Power of Imagination
""“l(MUDS as VEs: 1970s [& today])

You are standing in a sunny, grassy park-like area, under the
sprawling limbs of a weeping willow tree, growing on the banks of a
small stream. To the south you see a university campus. A trail
winds north into a forest. Erik is here.

Woj [to Remy]: I looked in Tom’s office, and found that we don’t have
the right kind of scsi cable.

> say Hmm.

You say, "Hmm."

Ivan says, "We've got to have one somewhere."

Woj says, "Well, we do have one, but it’s only a half-foot long."
> emote tries to think of the type of cable you need.
Remy tries to think of the type of cable you need.

Woj says, "Or, I could turn off alewife and steal that one..."

> say "Check my office, if there’s not one there, bounce
alewife."”

You say, "Check my office, if there’s not one there, bounce alewife.”
R. Evard, Collaborative Networked Communication: MUDs as Systems Tools (1993) 10






i Enhancing Human Intellect,
| Revisited

1. Understand how people solve problems

= VEs as experimental platforms yielding
understanding of social networks

2. Enhance [individual] human intelligence

= VEs for problem-solving, data
exploration, etc.; mirror worlds

3. Catalyze knowledge communities

= VEs for virtual communities, facilitating
formation and operation

In any and all combinations

12



Virtual Environments
as Social Science Laboratories

Censust+ v4.1.4 Be sure to upload your CensusPlus data to www.WarcraftRealms.com!!

Realm: Earthen Ring Total Characters: 4407 (Levels: ! 70)
Faction: Alliance Total Character XP: 1200511288 Options
Locale : US

Races Classes Top Guilds By XP

Dogs of War
Homemade Hugs
Order of the Edge
Legends in Qur Minds
Origin

{Unguilded)

Crimson Tide
DeadRoses

— e, e n . — —— ——, — Comrades In Arms
e, | [ A B (=] "T’ (g (4 =3 NN e ; AN

i-" Lk s | F D %43 A\ f “ff- =y @ 25 m T Lords of Rage

‘e ug = ‘! . {{( ~/ /J Pl %{;_ b & M s

Show Chars

Levels

Take Prune

Fig. 3. Example of CensusPlus output from WoW
W. S. Bainbridge Science 317, 472-476 (2007)







Hae ] Virtual Environments
as Consensual Hallucination

“Cyberspace ... A consensual
hallucination experienced daily by
billions of legitimate operators ...

A graphic representation of data
abstracted from banks of every
computer in the human system.
Unthinkable complexity. Lines of
light ranged in the nonspace of the
mind, clusters and constellations
of data.”

— William Gibson, 1984
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Harvard network traffic




Interactive Combusion
Modeling in the Argonne CAVE

L. Freitag et al, 1997
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VES
as
Mirror Worlds

“A Mirror World is some huge
institution's moving, true-to-
life mirror image trapped
inside a computer—where you
can see and grasp it whole”

— David Gelernter, 1992,
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Mirroring Complex Systems:
Hospitals?

Emergency Room

FATIENT DESTINATION

g, County Smith, John ED Bay 1
Station 4 M TZyo _
Paossible AR -

=% Gir_g.r Clark, Karin ED Bay 2
e Unit 2 F G4vo
- b Falihead trauma

> Patient Journey

S OO0 OCOOOQOOCO0O000 00 Ed

11:46
EMTs wheel Mr. Smith into Emergency Department. StatCom tells EMTs to put Mr.
Smith in ED room 3.



Virtual Environments
for Knowledge Communities?

The world is flat ... expertise is distributed,
diverse, enormous [in aggregate] ...

= Work will increasingly be performed within

emergent and virtual organizations

How do we support the formation, operation,
evolution, and scaling of such organizations?

Can virtual environments help?

22



Intel employees

in 2005:

=1 Different time, 7095 * 64% on 3+

— different place teams

 Sarme time, : e /0% on teams
different place = with

O Same time, 4% different tracking

ethods

e 80% on multi-
cultural teams

e /3% work acros:

time zones
Data: Chuck House, Intel 23
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Upper Atmosphere
Research Collaboratory

Real-time instruments = Computational models
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ad Venue Client g r;.ﬂ‘

Venue Tools Mavigation Help
hittps: /fvv 3. mes.anl.gov:8000 Venues,000000ff6F3 12bfe008c00dd00; v

Argonne National Laboratory

My Venues 2| = @ Participants
= Argonne Lobby &) FEric Olson
+ :m.’dHGmrt B Joe Insley
+- Bridgepo
+- Dantooine 8 Mark Hereld
- Full Sail 8 Michael E. Papka
- Institution Labby -
G- Jack Frost g Susanne Lefvert
- Kamar B Thomas D. Uram
[+- Lucky Labrador 8 Ti Leggett
[+- Talus
- Test Room = @ Data
[+ Windmer D DataSnapshotdl.jpg

D DatasSnapshot02.jpa
D MeetingSlides.ppt

D Proposal.pdf

- B Services
= & Application Sessions

P

S Shared Movie Viewer - 12:01:04 PM Jun

% Shared Presentation - 10:15:59 AM Jun

0 | | 2]

-- Entered venue Argonne Mational Laboratory (Mon, 18 Sep 200&, 12:21:38)
&= Venue for Argonne Mational Laboratory, information at http: /fwww. anl.gov.
= |Thomas D. Uram: Compare the snapshots in the venue with the latest snapshots here:
B |htto: /. mes. anl.gov /i fresearch fsnapshots
Mark Hereld: There's an interesting change in the third set of time values
Susanne Lefvert: That's likely due to a build-up of nickel as the front expands
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i Problem Solving
= can be a Complex Business ...

R

Specification

Problem : . N Browsing& [
E> Simulation —‘/ Visualization

Analysis
Tools

Experimental
Design

Browsing &
Visualization

‘:‘—_E =y et
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Can Virtual Worlds Help?

e A tentative yes

¢ Complex & sensitive tasks demand all six
human senses

¢ Place is powerful
¢ Commodity economics are powerful too!

e But

¢ There is work to do before we can routinely
use virtual worlds for this purpose

“Better than being there”?

30



Issues Include

Integration with the physical world, e.qg.,
sensors and instrumentation

Integration with the rest of the cyberworld
Integration with simulation

Security and trust, in their many forms
Abstractions, metaphors, interfaces

Scale (data volumes, simulation fidelity)

1. What are the right interaction modalities?

2. What can we develop now?

3. How do we prepare for the future?

31



Concluding Thoughts

e We must not lose sight of the real issue:
enhancing human capabilities

e People solve problems by interacting—not
just with people, but also with data,
computations, physical devices

e The grand challenge: support such
interactions in "better than being there”
environments

32



“If, as it is said to be not
unlikely in the near
future, the principle of
sight is applied to the
telephone as well as that
of sound, earth will be in
truth a paradise, and
distance will lose its
enchantment by being
abolished altogether.”

— Arthur Mee, 1898 33




