LECTURES ON WORK SYSTEMS DESIGN

William J. Clancey
NASA Ames Research Center

This series of lectures, including a public and a school talk, reveal how computer technology development
and achievements in the past few decades, relate to a paradigm shift in understanding human thinking. The
practical implication is that research for developing useful and innovative technologies is necessarily
multidisciplinary—building useful computer technologies benefits from the knowledge and methods of
mathematicians, cognitive scientists, and social scientists working together. This series of lectures will
illustrate with many examples new ways of analyzing the work that people do everyday, with methods for
identifying opportunities for innovative automation and collaborative technologies. The public talk will give
the audience a view of an example of a frontier technology now in use on Mars, developed by NASA, that has
the potential to radically change how scientists and engineers collaborate across international borders.

In the first week of lectures, participants will be introduced to human-centered computing technologies
being developed at NASA. One highlight is technology that automates how Mission Control in Houston
supports with astronauts onboard the International Space Station. In the second week of lectures,
participants will learn and exchange knowledge about the technology design concepts and principles that sit
at the heart of building these human-centered computing technologies. One highlight is how social
networking is changing how computer scientists’ view “artificial intelligence.”

Participants who attend this series of lectures will learn why it is important to understand how human
knowledge, memory, and learning are radically different from model-based computer programs. They will
learn how researchers from various scientific disciplines, applying this paradigm shift in cognitive science,
can collaborate to develop innovative technologies that help people and make new kinds of human
endeavors possible. In particular, you will learn:

* different ways of viewing human behavior and describing how people work in any type of organization;

* how to know what technologies to build using the concepts of participant observation, participatory
design, and work practice analysis;

* a practical methodology for simulating how people work in organizations and developing prototypes; and
* software architectures that enable human creativity and responsibility, hardware and software systems
integration, and software reuse.
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Human-Centered Computing...

A software engineering methodology,

Based on the scientific study of cognition
In people and machines, especially
understanding the differences between
perceptual-motor/cognitive/social aspects of
people and present-day computer systems,

With the objective of developing computer
systems that fit human capabilities and
practices by exploiting and improving Al
programming methods.

" g Il Computational Sciences Division
Ames Research Center
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We know how to teach people how
to build ships,

but not how to figure out what ships
to build.

—Alfred Kyle, quoted by Donald Schon
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Human-Centered Computing
defined by analogy...

HCC is to the rest of software engineering as
Architectural Design is to structural engineering

Specializing in working with users for
requirements analysis, generating new Kinds
of computer system designs, and evaluating
systems in the context of use.

“ Computational Sciences Division
Ames Research Center




Apollo 17 Moon 1972 Mobile Agents UT 2005

Mission Control’s Role in Apollo:

Monitoring and directing all aspects of the mission
Navigation, schedule, logging of observations, monitoring astronaut
health, managing vehicle health, resource management

il



Mobile Agents
“Automating Capcom”
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Robotic EVA
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HCC Analysis Heuristics

Start by studying what people do,
not only technological possibilities.

Follow conversations.

Focus on interactions across
organizational boundaries.

Enable participation.

Computational Sciences Division
Ames Research Center




Field Science on Earth:
Opening a Rock

A geologist on Earth may hit
any rock he fancies, just out
of curiosity, and privately
share his interpretations
while making observations...

Biologist and geologist,
Haughton Crater, Devon Island,
July 1999
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Human-Robotic Interaction:
A New Way of Being a Scientist

- ... don’t say let’s RAT here to
reveal this and let’s RAT here
| " to reveal that, let’s talk it
~ through in terms of the specific

scientific hypotheses that we’re
trying to test.”

After hours of discussion, X marks the spot.

Public, communal exploration requires
conforming to text-book norms of science...

what work systems can facilitate individual-
group-team identities & projects?

14
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What Geologists Do in the Field




S
MER: Scientific Laboratory on Mars
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Computer-controlled (robotic) system for doing field science,
programmed on Earth every day:
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- PHOTOGRAPH: PanCam, Mi
DETECT CHEMICAL COMPOSITION: APXS, MB, MiniTES
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RECEIVE PROGRAMS & TRANSMIT DATA



‘“We’re on Mars!”’

Virtual Presence: Seeing & Touching

“We realized we had landed in a crater, probably Eagle Crater, and that’s where we were. And
then we noticed, 800 meters away—which is more than our 600 meters, but maybe we can
make it—there’s Endurance Crater. We’re talking about that, “Wouldn’t it be great to actually

get there!”
Steve Squyres, MER PI, 2007
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The Pivotal Design Principle:
““One Instrument, One Team”

“You’ve got these sensors and each of them provides
complementary bits of knowledge, so that the totality 1s more
than the sum of the individual parts. You’re going to use the
payload to fullest advantage, if people look at it as being
entirely at their disposal. . Everything works together.”

Steve Squyres, MER Pl



Serendipitous Benefits of Daily

[ )

Commanding
Activity / Day|1|2|3|4|(5|6|7(8|9(10(11|12|13|14|15|16|17(18(19(20(21(22(23|24|25|26|27 R . . .
VIKING e Intensive daily activity,
Science Plan 1 [ . .
Engneerig with sutficient feedback to
Engnesrings _— assess the previous day’s
Sol Uplink 2
SOJOURNER/MER reSUItS
Science Plan1 [ . . .
Engineering e Significantly increased the
So.I Uplink 1 = . . .
= B scientists’ creative
Sol Uplink 2 < .
gL i | engagement of “being on
Engneerngs | Mars” (virtual presence)
Sol Uplink 1
Engineering s e Enhanced conflict
Sol Uplink 2

resolution, collaboration,

Viking veterans were skeptical;
mission design presentations
did not mention
cognitive or social benefits

and productivity, and
hence quality of the field
work



Quality of Scientific Field Work:
Coherent, Multidisciplinary, and Productive

Opportunistic Systematic
Situation Planning & Deliberative, Integrated
Awareness Programming Textbook Field and Lab
\TGGIS Approach Instruments
Continuing Virtual Presence
Engagement

Collaborative ~ Naming & Every Sol  Visualization  Physical
Organization Data-Sharing Commanding Tools Manipulation
& Processes Methods (RAT, wheels)

Design Framework for Scientific Exploration Systems



Think Differently:

“Participatory” “Design” of “Computer Tools”

@ DESIGN TIME: A different view of collaboration € a
different view of problem framing € a different view of
knowledge.

@ WORK: A different view of tools € a different view of

the relation of plans/designs and action € a different
view of knowledge.

The essence of problem solving is not just
“finding out the truth” and “path
optimization” but dynamically finding new
paths.

Computational Sciences Division
Ames Research Center
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The ISS File Management Problem
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HCC Methodology =
Design in the Context of Use

Participatory design, with incremental value

Participant observation, ethnography, video
Interaction analysis

Total systems perspective (process, tools,
organization, facilities), integrating multiple
views: Workflow, information processing,
reasoning, situated action

Organizational learning/developmental
perspective

In situ evaluation, uncover broader effects

Computational Sciences Division
Ames Research Center




For more information...

e Field experiments:
www.NASA.Gov/
exploration/analogs

* Papers & videos:
http://bill.clancey.name

e Brahms:
www.agentsolutions.com




The Brahms Multiagen
Work Practice Simulation




TOPICS

Nature & Origin of Activity-Based
Multiagent Simulation

History

Tool & Language Overview
Examples:
¢ Mission Operations Simulations
* Coupling to Animation & Control Systems
* Workflow Automation
e Lessons Learned




Torok, van Hoéf

 Institute for Research on Learning
collaborator: Jordan




Brahms View of the World




Brahms: A Response to Business
Process Modeling (circa 1992)

Provide a work systems design tool that the people we are
trying to help can use: Not something else that needs to be
learned and fit into the work process

Make Social Processes Visible
 How people participate to get jobs done
 How the environment and use of space affects work
e How communication happens
* \What tools and artifacts are used/created
e What informal methods & tools resolve breakdowns
(workarounds)

Activity perspective: People conceptually situated—in groups,
interacting with each other, their tools, and the environment

Human-Centered Design: Look beyond job functions and
interfaces to grasp the total work system



Tasks vs. Activities

Problem-Solving Perspective

Goal Stack

=N WA o

Add 3 and 4

Solve x-4 =3

Solve equation on screen

Get experiment credit

Pass introductory psychology
Get college degree

Activity Perspective

Getting a degree at a 4 yr college
= “Being a college student”

Taking a semester introductory
psychology class

Doing an experiment in the lab
(2 hr)

Solving equation x-4 = 3
(1 min)

Adding 3 and 4
(1s)




Brahms Agent Viewer
Timeline

SOWG Ch
vi: Zﬁctlcal-ﬁ;;dOIbol_Engr_Assessm\ent wi: prellm_Engr_ActPla/p_Update | \
:a:/Tactical End Of Sol Engr Assessment ca: Preliminary Engr Zctivity Plan Updatei
v”: wi: | wi: | wi: starl\(Tactical_Downlink_Report wi: wi: /'wf: : \
E quick_Health_Check_Of_Raver| €& Start Tactical Downlink Report ca: ca: . I
= - - = ]

Priority: 0 wi: wf}te-Rover_Health wi: wi: l{ |

o pa; Confer_With SOWG CW: 1 | pa: Reviewing Report pa: pa: l{ cw: Reading Engr Abtwnty Plan
Priority: 0 [

Tactical Downlink Lead is busy
‘ and cannot respond

~Gallng g -
Tactical Downlink A=A HIM g

Lead

ScienceWorkRoom
9/29/2002 2:50:00 PM 9/29/2002 3:30:00 PM 9/29/2002 4:10

wf: start_Shift_temp wi: wi: science_Assess_?bserve_Plan ‘\ /

SOWG Chair is not | ca: Science Assess Ob_lserve Plan

. wi: | wf relate_Current_To_Strategic | wf: Fi
available yet. = é{l A:.cience_DL_Assessment_M'éeting

) |Priority: 0
wi: wI: [ A~
X . —lunderstand_State/Of_Rover—
| ¥ |Priority: 0




veaets

Brahms History

2001-2006 NASA Intelligent Systems Program:
—Mission operations simulations: FMARS, MER, Victoria, ISS
—BrahmsVE (DigitalSpace)
—Real-time Distributed Agent Execution engine (VM)
—Mobile Agents: “automating CAPCOM” for Mars surface EVAs

2005 NASA ESAS Program: CEV & robotic simulation (6 months)

2006-2011 JSC-Ames Partnership: mission support automation
—“Simulation to Implementation” methodology

—OCAMS: routine file management between ground support
and ISS crew (JSC Exceptional Software Award)

2011 Air Traffic Control: Protocol simulation & model checking




The Brahms System
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Brahms Model Constructs

The world is modeled as a Geography (consisting of Areas & Paths) containing...

 Agents
— belong to Groups
* which may have Beliefs & Activities and contained sub-Groups
— have Facts describing them (e.g., physiology)

— have Beliefs about the world (uncertain propositions)
* which may lead them to engage in interactive behaviors, modeled as...
— Activities
» specific to the agent or inherited from groups
may be composite, consisting of collections of prioritized...
Workframes
— with Conditions satisified by an agent’s beliefs,
— entailing Actions such as communication, movement, and primitive or composite activities,
— during which Detectables model the agent’s perception of Objects as changed beliefs
— having Consequences that change...

» the agent’s Beliefs
» facts about Objects

And anytime during an activity, changed beliefs may trigger...

Thoughtframes
- with Conditions and Consequences (again changing the agent’s beliefs)

* Objects
— are instances of Classes
— have properties (attribute-values) called Facts
— may have interactive behaviors modeled as Activities.




Activity as Unit of Analysis

Activities are consciously
choreographed behaviors in
the world

“What am | doing now?” =
“Who am | being now?”’=
“How am | behaving now?”

Social, i.e., realizing norms
of appearance, speech,
action

Define/Determine roles,
communications,
schedules, methods, tools

Frames how problems are '
described and approached Working Alone Together

Focuses modeling on A group activity that is not collaborative
interactions & modes &




Modeling Activities
Describing & Explaining Behavior

Rl =

All human activity is purposeful, but not every goal is a
problem to be solved and not every activity performs a task
(e.g., resting).

2. “Off-task” activities (waiting, talking, playing) have
composite structure, norm-based variations, and purposes
relevant to work functions.

3. Some goals are states to sustain, not requiring search or
pathfinding (e.g., brainstorming).

4. Includes physiological & regulatory goals (e.g., a relaxing
change of pace)

-~
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Watt'hr

Victoria Rover Energy Used in
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100.00
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Drilling Activity (Brahms output)
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Mission ops design
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BrahmsVE:
Animation of Work Practice
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Patterns: Norms of an Ensemble

Meeting begins

9:17:47
CC
SB
ve [0
KQ
RZ H,0
BC Weather email
9:15:17 9:34:12
Call to order Food breaks..
Closure begins Ending
10:01:11 10:11:30

H,0

stands H,0
H,0

Standing in Galley email




Modeling Biological
Motives

VardroomTabhleArea

GalleyArea

wif: Plan

ca: Planning

wf: ParticipateInPlanning

wf: EatSnackDuringPlanning

pa: ParticipatingInPlanning

ca: EatingSnackDuringActivity

wf: EatSnack

ParticipatinglnPlanning
Duration: 1525

pa: mv: MovingToArea | pa: GettingFood

VardroomTahleArea

Il BodyOfacentKQ

| GalleyArea

40 0

wf: FunctionThroughActivities

ca: FunctioningThroughActivities

wi: wf: PhysicalEnergyThresholdReached

wf: FunctionAtCurrentResourcelLevel

pa: pa: PreparingForRecovery

pa: FunctioningAtCurrentResourceLevel

16



CONFIG Model:
CO, Recovery System
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Brahms-CONFIG:
Coupled Human-Systems Simulation

SO ftwal'e task status
ety i modes .
Control |icieyegies ™ :
' modes o
SyStem Life © 1 :commands
T— y it
------ i | Support BRAHMS
[t - Ll
| System Agents
. A A
stats,userqueries| L ... :
_.actuation _: __|
" sensing -

---------------------------------------------------------------

device actions, states

——  Actual Communication Paths

----------- » Communicated information 18



Brahms-CONFIG Output: Crew member processes request by life-support software

33850 PM

33630 PM

oy Agent SequencerAgent
The SequencerAgent sends a message to the terminal requesting the heat exchanger to be turned back Hn

wif: wf_processResponse

ca: waitForResponse

J_|J_|_ IMarsHabitatARSTerminal |
The terminal displays this message. n "

| | wf: wf_monitor

wf: wf_monitor

| ca: monitor

|

ca: monitor l I
|
|

EquipmentRoom

133720 PM

o Agent Glen I
The astronaut sees this messYage pop up on the screen and reads the message.
wf: wf_monitorARS He walks to the equipment room to turn on the heat exchanger using the heat exchanger on/off switch.
ca: monitorARS
wi: wf_readMessage wif: wf_processSequencerQueryRequestMessageTurnHXOn wi:
ca: turnHeatExchangerOn ca:
wi: wf_turnHeatExchangerOn wi:
cw: readMessage pa: turnHXOn pa:

EquipmentRoom

VCCRHeatExchanger

wik: | wf: wf_coolingAir

pa: | pa:coolingAir

The heat exchanger powers on and starts cooling air. He waits until he sees that the heat exchanger indeed starts
cooling air. He walks back to the control room and presses the Yes button on the screen to confirm that the heat 19
exchanger is on again. The terminal processes this answer and sends the results back to the SequencerAgent.



AR NEA

Brafams Chaliacteristics
> "‘6deling Language & Architecture

e Behaviors (vs. tasks/functions & inferences)
| « Subsumption activation (vs. procedure stack)
e Perception scoped by activity (vs. unbounded awarer ess)
e Dual-API method for integrating agents & external systems

e Content

Focus on located, circumstantial interactions (vs. id ealized
flows & prescribed processes)

Variable detail: Sketch practice or how conn tivity
happens

e Design questions answered by metrics => scope

* Applications

. (Dnehted to social conceptlo of role, participation
Whose knowledge is called into play? How?

. 'Ia ed QV tems: Hardware, control systems, voice

G@mmandmgg.@ther-sq mul l-arts_@msnjﬁ_




Our theory of practice exceeds what we can model
» Omits learning within work practice (e.g., improvisation)
« Emotions & Activity (e.g., recuperation by reading newspaper)
« Reflection on quality of group dynamics (e.g., confrontations)
e Blending of identities/priorities (adapted methods)

 Modeling tools perennially underfunded p
 Need libraries, drag and drop agents, geography
 Simulation-to-implementation requires handc afting
 Need model validation methodology

{:‘ L I | :
|« What we’re working on next
| @f&{immquitaf for model checking (and efficiency?)

wulating Jlr traffic control failure m@nx,mm to push fidelity
commut “.E]Uﬂ.b aACross kﬂ:\mﬂ:{c‘hfuph




Brahms: http://www.agentisolutions.com
 Download available for academic research
e Language definition
e Tutorial

Key papers:
Simulating activities
Cogmtlve modeli mg of socral behawo

. per
\MML&‘L'“”

MLHLWM JJ!ML.LLLFM to Jm,zr‘wnumurum A practical
gineering metnodology for aesigning space flight operations




Modeling in Brahms:
Agents

Facts & Beliefs




Multiagent Modeling Language
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I| T:1 factY
\
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\ Agent 3 \
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Agent 2
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People

Java

e

P2 CAw> Activity2 (1) 83
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class Activity2 extends
AbstractExternalA ctivity]
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Brahms Agents

* People or Interactive Systems (e.g., robots)

TR e I
 Characteristics: S
 |Located & Mobile
« Have behaviors
« Communicate
« Sense/lnterpret Objects
« Capable of inference

* |nherit facts, beliefs, activities from
one more more {organizational, sl .
social, functional} groups PR

E.qg., agent Dick_Gordon memberof CommandModulePilot { ... }



Facts & Beliefs

* Facts represent physical
states of the world
(objective)

— Alex’s temperature is 98.0F.
— Alex is located in room 104.
— Room temperature is 18C.

— Time is 10:40 AM.

« Agents can detect facts,
forming beliefs (modeling
human perception and

: (Door of Room 104
system sensing). is closed)

* Agents can communicate
their beliefs (Ask & Tell) &
make inferences
(Thoughtframes).

<no beliefs about Room 104>

Beliefs of Agt D

(Room 104
[Yocked & 18C)

Beliefs of Agt B

Beliefs of Agt A (Room 104

is cold)

(Room 104 is locked)



Example Beliefs

- Represents an agent’ s interpretation of a fact
« Alex believes “The temperature of Room 104 is
cold.”

* Represents an agent’ s conception of identity/activity
« “ am a student at University of California, Berkeley.
» “l am working on tomorrow’s homework. ”

« Represents an object’ s world model:
« E.g., represented in a computer program: “Alex s
bank account balance is $454.23.”

« E.g.,written in a document: “Total = $454.”



Brahms Objects

* Objects may be conceptual (e.g., jobs, computational

data sets) or physical (e.g., inanimate artifacts, tools)
» Conceptual objects do not have behaviors.

* Whether to categorize physical objects with behaviors

as agents is a convention of particular work situation.
* Robots are Agents; Databases are objects

 Physical Object Examples:
« Computers
 Instruments
 Rock samples
 Cameras
» Space suits —
« ATM | ~




Brahms Activities:
Composite Activity
Communication

Movement-




Brahms Agent Timeline

Brahms Version 1.2.5 - [G:\Program Files\Brahms'\Apollo12ZRun990609_16.mdb]
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Communication Examples

Group Student:
communicate communicatePIN(Atm at3) { Communications —
max_duration: 1; activities that transfer
with: at3; beliefs from one agent to
about: one or more agents, or to/
send(current.pinCommunicated = unknown), from objects that include
send(current.believedPin = unknown); delg
when: end;
} Class Bank:
communicate replyAtm(Atm at3, Account bka) {
Examplos: max_duration: 1;
with: at3;
* Face-to-face
conversations about: _
B o wiiting send(current.correctPin = unknown),
B et tortacs send(current.enoughBalance = unknown),
BN o agent send(bka.balance = unknown);
communications \ when: end;




v & Student

" Composite Activity:

P member agents

> i Study( )

P initial facts and beliefs
¥ activities
¥ 5% composite_activity study ()
parameters
detectables
¥ activities
» &, primitive_activity reading ()
¥ workframes
¥ [E wf_readingWhileStudying
variables
detectables
preconditions
¥ body
reading()
¥ thoughtframes
» [] tf_needCashToEat
» [Z] tf_enoughCashToEat
» [I] tf_HowMuchMoneyToGet_HungryEQhigh
tf_HowMuchMoneyToGet_HungryEQlow
tf_HowMuchMoneyToGet_HungryEQmedium
tf_Hungriness_High
tf_Hungriness_Low
tf_Hungriness_Medium

>
>
| 2
>
>

5 o



Workframe-Activity
Subsumption Hierarchy

Curre n

I tWOrkfr
nsta"tiationam
. één 92 . . Workframe W1
While “in " an activity higher- 1,
order activities are still active. I \ i
Activity A, | 'Activity A, , X CurentActivity
(primitive) composite
/ — -—
7 I
P | I
L/ Workframe W, , )" Workframe W, , _
~ i
| |

Current Activity 7Activity A, . , Activity A, ,,, Activity A,,
(primitive) (primitive)

érrent Activity 1

! Workframe W, LR
\ | 2.1.1.

\

Activity A, , 1111
(primitive







/Ipaths to and from banks from

Exa m p I e spraul and south halls:

Geography Model ™™t spauan

area2: Bancroft_Av_77;
distance: 200;}

AtmGeography

Berkeley

Telégraph_Av\2405

0 A

Student

Restaurant

A Atm 13




Some Geography Details

Agents/Objects have initial locations.
Duration of move action is specified by modeler.

Agents know where they are and notice others:
* When agents come into a location, the Brahms
automatically gives the agent...
 a belief about its new location
 a location belief for all other agents and objects
currently in that location.

Agents and objects can carry other agent/objects.
 Built-in containment relation
« Contained objects are not noticed until they are put into
the area.

14



BrahmsVE

workframe CheckWaterLevel do {Getup();
Walk(GalleyLadderArea);
when (unknown

) , Upladder(WaterTankArea);
(current.timeToFillWaterTank))

CheckWaterlLevel();
detectable DetectWaterlLevel { Downladder(GalleyLadderArea);
= Walk(WardroomTableArea);
detect((WaterTank.waterLevel =0
( _ ) conclude((current.waterLevelChecked
then continue;} = true)):

wf: ParticipateInPlanning —8 . | . ==

ca: ParticipatingInPlanning : e

wi: wi: CoveragendaltemWater

ca: ca: CoveringAgendaltemWater

f = ERZ0BBR « 85
3

3

wi: wf: CheckWaterLevel




BrahmsVE
Animates Simulation Events

* Brahms model definition:
move Upladder(BaseAreaDef
loc) {max_duration: 5; location:
loc;}

* OWorld Service converts
event:
activitylmove|164|169|projects.
fmarsvre.RZ|Upladder||projects.
fmarsvre.GalleyLadderAreal|
projects.fmarsvre.
WaterTankArea

* OWorld Parser (Javascript in
Adobe Atmosphere) sends
scheduled animation to agent

object queue Camera angle changed dynamically by

« RZ agent’s Upladder action viewer running Adobe Atmosphere plug-in
script executes movement
details 16




BrahmsVE 2003 Status

9:11:27 AM

» Depicted three scenarios in Atmosphere action scripts
(planning 200 scripts, water fill 67, EVA Prep 423).

* Not coupled real-time: Hard-coded timing and waypoints,
so agents don't run through objects and each other

» Next: Co-Processing relation with Brahms engine (e.g.,
“Move” interruptible; dynamic paths)

17






Patterns: Norms of an Ensemble

Meeting begins

9:17:47
CC
SB
ve [
KQ
RZ H,0
BC Weather email
9:15:17 9:34:12
Call to order Food breaks..
Closure begins Ending
10:01:11 10:11:30

H,0

stands  H,0
H,0

Standing in Galley email




Modeling Biological
Motives

VifardroomTableArea GalleyArea
9:40:15 AM

A AgentKQ

wi: Plan

ca: Planning

wf: ParticipateInPlanning | wf: EatSnackDuringPlanning

| ca: EatingSnackDuringActivity

wf: EatSnack

pa: ParticipatingInPlanning pa: mv: MovingToArea | pa: GettingFood

ParticipatinglnPlanning
Duration: 1525

VWardroomTahleArea ‘ GalleyArea

Q-4 () u A() & 0-4()-4 0-4

I BodyOfAgentKQ

wf: FunctionThroughActivities

ca: FunctioningThroughActivities

wi: wf: PhysicalEnergyThresholdReached wif: FunctionAtCurrentResourcelLevel

pa: pa: PreparingForRecovery pa: FunctioningAtCurrentResourceLevel

20



Example: Integration with
CONFIG Systems Simula




CONFIG Model:
CO, Recovery System
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Brahms-CONFIG

Software
Control
System

task status :
_recovery report _ . _modes o
focovery et X
' modes :
o * rcommands
Life v v
------ Support BRAHMS
System Agents
: A A
stats,userqueries | |l ... :
..actuation . _. >
"T77seénsing L

device actions, states
— » Actual Communication Paths
------------ » Communicated information

23



Brahms Proxy Agents

CONFIG




Brahms-CONFIG Output: Crew member processes request by life-support software

3:36:50 PM 33T20PM 33750 PM 33820 PM 3:38:50 PM

Agent SequencerAgent
The SequencerAgent sends a message to the terminal requesting the heat exchanger to be turned back pn

wi: wf_processResponse

ca: waitForResponse

IMarsHabitatA RS Terminal
The terminal displays this message. » "

|

|

|

|

wi: wf_monitor | I wf: wf_monitor

ca: monitor | I ca: monitor

| EquipmentRoom .)
T3zes0em 1 T 3:37. 3:33.20 P T 133350 PM

o Agent Glen |
' The astronaut sees this mess‘fage pop up on the screen and reads the message.
wf: wf_monitorARS He walks to the equipment room to turn on the heat exchanger using the heat exchanger on/off switch.
ca: monitorARS
wi: wf_readMessage wf: wf_processSequencerQueryRequestMessageTurnHXOn wf:
ca: turnHeatExchangerOn ca:
wif: wf_turnHeatExchangerOn wi:
cw: readMessage pa: turnHXOn pa:

EquipmentRoom

VCCRHeatExchanger

wf: | wf: wf_coolingAir

pa: | pa:coolingAir

The heat exchanger powers on and starts cooling air. He waits until he sees that the heat exchanger indeed starts
cooling air. He walks back to the control room and presses the Yes button on the screen to confirm that the heat
exchanger is on again. The terminal processes this answer and sends the results back to the SequencerAgent.



——— -

T TREA

For more inform ation...

 Brahms: http://www.agentisolutions.com

e Register to download software
* Language definition

e Tutorial
e Publications & Photos: http://Bill. Clance name

e Key papers:
e Simulating activities
« Cognitive modelmg of social behaviors
* Multiagent modelmg and simulation in human-robot
‘mission operations work system design

* BrahmsVE: From human-machine systems modeling to
3D virtual environments
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Brahms/Mobile Agents:
Human-Systems Integration

William J. Clancey, PhD
Chief Scientist, Human-Centered Computing

Intelligent Systems Division
NASA Ames Research Center

June 23, 2006 1



Integrating People, Systems, & Simulations

T
Plan & =
Schedule

Crow Membor
Command

Brahms Mission Operations Simulation
FDO and DYN Voice Loop Communications about Orbit Length

Aacai.lzlees ’
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Agent-Based Systems Integration @

+ Method:
Proactive, model-based data exchange layer
between applications and networks

— Dynamically reconfigurable
— Activity-based (context-sensitive) protocols

* Projects:

— Human-Systems Integration for CEV (ESAS 6E)
("Collaborative Infrastructure” or Transport layer)

— Human-Systems Integration for surface EVAs
(ESAS 12) involving robots, instruments, etc.,
including coordination with remote support teams

— Mission Operations Design & Analysis Tool
(CDDF)



Software Engineering Architecture

Communication Protocols
(commands, confirmation, alerting, etc.)

Agent-Based Integration
(Pers‘onal,_ Comm, Functional)

_.i._.nh ™ ap—

) Workﬁ‘am’éﬁ Thou“gﬁ" es‘.j“" _'_.‘
= Detectables, Beliefs, Facts, ;
Prpposmﬂns, Ob]ects, Classes, e ) o'

-,‘

TR PSS S ST A |




* Multi-Channel Telemetry

« Logged & Analyzed by Agent
System

 Current & Historical Voice
Inquiries via Personal Agents

* Wireless Access (Bluetooth)
* Procedural Advice
it s - Activity Tracking

hle|d [ Musk

Xantrex Inverters B Greenhab

4
)

l Solar Pancls |

Battery Bank ]



MySQL

Habitat Power
Support System

OneMeter CA
Xantrex CA

¥ Power
Rroblem
Resqlution
Assistas

N

Crew Nt
Member *

Voice Mail

Voice Mail

%
CrewMember

Crew Member

Manager

Server
Q

Data

Console

Mobile Agents Configuration:

Four Crew Support Systems with
Bluetooth Voice Commanding

P

Notification
Assistant

Habitat

Dialog
Agent

Dialog Agent

Crew Member
Support System

@1
Plan g
Manager Compce/r:dlum

Habitat Central
Command Svstem



o

S

NS

NS

o

o

o

o

o

o

o

NS

NS

NS

Power Agent Voice Commands

*

What is the {battery | generator} {volts | amps | volts and amps}?

What is the status of the {generator | inverter | battery | solar panel}?

Are the batteries charging?

What is the hab{itat} {power usage | volts | voltage | amps | volts and amps}?
What is the low battery cut {off | out voltage}?

What was the average hab {itat} {amps | volts | voltage} since <#> {AM | PM}?
When did the {generator | batteries} change status?

When did the batteries start {dis}charging?

What was the {hab{itat} | battery} {amps | volts | voltage} at <#> {AM | PM}?

What was the maximum hab {itat} {amps | volts | voltage} {today | this morning |
this afternoon | this evening | yesterday | last night}

*

*

*

*

>

>

*

*

*

*

Tell {me | <person> | everyone} when{ever} the generator goes offline.

*

Tell {me | <person> | everyone} when the hab{itat} {amps | volts | voltage}
{exceeds | drops below} <#>.

{Send | Take | Record} {a} voice note {{for|to} <person>}
Send voice note <#> to <person> {at <time>}

*

*



Mobile Agents Architecture robotc=va

upport System

Network
Agent .‘
aRI© O
Science Robot
Data (K9, Gromit, ERA,
Surface Operations e tlacion Scout)

[p— Support System

,E\t_ Location
i /G . Network M::\:x%er
g i Mgt | Location
oy i Manager 3
— R Proxy Wired a/o
""""""" Wireless
RST ss
b Network
Agent . :
& Compendium
Agent

Location
Manager

SNV Agent

\ | Medical
_ "¥ Agent! | Asst
X vy

- Science

Human EVA
Support System

Hab Crew




Spacecraft Autonomy
for Vehicles and Habitats
Architecture Schematic

Commands Telemetry
> Plant

Commands 1

[ Execution J
e D

Decision Support
o

Agent-Based
Transport Layer | State Estimation

( N
Application
S g Application W
Mechanical J \
Human Electronic Human Interface

Interface

k!

~ —

L-Re
>
LIS
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ESAS 6E: Collaborative Infrastructure

ASE Code = Aut. System Element (DSA, Ensemble Qomp,
Exec, H-A Interaction)
ASE
Clinterface | |nterface = Collaborative Infrastructure
Cl ASE
Transport | Transport
ASE Code
I Cl Interface
Transport ASE Code Transport/JNI
Java Java Java
ComAgent or ComAgent or ComAgent
Template Code Template Code Template Code
Communicative Communicative Communicative
Acts Acts Acts
Sockets/Corba/JMS Sockets/Corba/JMS Sockets/Corba/JMS

| | |

TCP/P Sockets / Corba / JMS

12



Agent Transport Layer

Agent

Message
Queue

Advertisement

Credentials

TCP/IP

End Point

CORBA

End Point

11

JMS

End Point

Message
Handler

Agent Work

send

Communicative
Act(s)

Serialized Java
Communicative Act

Agent
Advertisement
Credentials
TCP/IP TCP/IP
» End Point >
L1
1IOP CORBA
* End Point Message
T Queue
JMS JMS
Topic [ End Point >
[
[
Message
<
Handler
Communicative send
Act(s) Agent Work

13



Implemented Brahms/
MA Interfaces and
Communications
Protocol Support

JMS Server/
BIO data

s

Compendium

S 1
=]
‘ J l
ScienceOrganizer ‘ ‘ Location
Management

E-Mail Server FTP Server 14



Simulation-Based @/
Mission Operations Design
Problem Framing | Metrics & Scenarios
Prioritized questions about that address questions
relationships & trade-offs |
e.4., “CEV functionality" (Cand. Work Practice
Autom.) <=> mission ops roles Simulation
“Vehicle to ground split” *
<=> comms <=> performance Data

Interpretations: Validation,
New information, Useful Ideas

Participants: Flight Controllers & other stakeholders,
operations designers, work systems analysts "



Application of Work Practice Modeling
for Mission Operations Design

MARS

Lander
— g T —
UHF
256 Kbps -
= S
S L
- = S-Band
12 Kpw or 1Mbpa

LR -

Athena Rover

%l:ﬂ% Data Acquisition &
=i 4| command Subsystem
=

3
/

=

Miszion Controd Real
Time Operations Team Team

. I I N /u.m

Gubsysiem

Proscens, CA

Science Activity Planning
& Sequencing
Integrated Séquencing Science Operations . ———8 gupgyutem
Tesm Support Team
Earth

-]

Design Approach:

— Facilities & Organization

— Processes & Tools
Complex Work System

— Scientists and Engineers

— 2477 (3 shifts)

— Two Rover Time Zones

— Mars sol # Earth day

— New & Legacy Systems
Iterate by trial and error during
operational readiness tests

(ORTs) —6 months after
launch

17



Q: WHAT IS THE GOAL OF THE MODAT PROJECT?
A: CONTINUOUS IMPROVEMENT / WORK EVOLUTION FOR COST EFFECTIVENES

HOW?: DECISION SUPPORT PROCESS FOR OPERATIONS ASSESSMENT

POTENTIAL FUTURE MISSION OPERATIONS
EXPLORATION
MISSION
CONCEPT
EXPEDITION EXPEDITION
—
REQUIREMENTS TRAINING
PLANNING
4 EXPEDITION EXPLORATION
—
EXECUTION MISSION
COMPLETION
EXPEDITION
— OPERATIONS |*
ASSESSMENT
Key
= Program
I METHODS I — Expedition
== New proposed

18



Results: Assessment of Simulated Work Process
Metrics of Flight Controllers Workload

Launch Workload Breakdown By Role

600

500

—

400

300

200

Time (in seconds)

100

0 ‘

—

Administration Analysis Checking Modeling Monitoring Planning Searching

Activity Cateogry

m FDO - Ascent Entry Flight Dyanmics Officer m DPS - Launch Data Processing Systems Officer
1 BOOST - Booster Officer For STS114 0 FAO - Launch Flight Activities Officer

Simulation output validates intuition from ethnographic
observations that FDO has a “heavy” workload (multiple activity categories)
compared to other roles during the short launch period.

19



Example 2: Representation of Current Operations

FDO and DYN Voice Loop Communications about Orbit Length

<> Brahms Composer - jscmccmodel

File Edit W¥ew Model Build Run Options ‘Window Help
32 ﬁ:| = ﬂ' =] B x2 c= @] =» | G0 v ||| Composer Design View o] | E @| EJ 1 @‘ o 2 ™
Agent Model a B X Time Line Yiew x

dap @ agt Yxag | @att @rel | Lbel ! fct| [ wir Tt | = " " agent FDO - Rendezvous Orhit Flight Dynamics Officer

~
- Y 9
i+ ~
¥ and beliefs wf: Rendezvous_Phase
composite_activity PreLaunchPhase () ca: Rendezvous Phase
#-3% composite_activity FreeFlightPhase () wf: Process_On_Board_Sensor_... | wf: Calculate_Burns wf: Execute_Bu
=% composite_activity RendezvousPhase ()
pa pa: Processing On-Board Sensor ... | ca: Calculating Burns pa: Executing B!
= _ wf: Cachgth
+ \3\ primitive_activity MonitorStationHealth (int Configure
+-- G primitive_activity MonitorShuttleHealth (int Orbit
+ Q primitive_activity ProcessGroundhMavData | roi
+- & primitive_activity ProcessOnBoardSensorD: Length
=% composite_activity CalculateBurns {int prior Length 13
¥ .
3 Flight Rule
Look for 9 Und
. . ate
= orrames flight rule p PSRy y
+-- [@] ask_for_Orbit_Length_Flight_Rule : g Detailed
+ Calculate_Orbit_Length 07/27/2005 11:23 i 11:52:00 PM
o Configure_Orbit_Length ¢ agent Rendezvous Dynami Maneuver .
+ Wait_for_Response o G? Table 5 O Ci {
= Retract_Speech_Act wf: Rendezvous_Phase 4L
Soth !
+ Q primitive_activity ExecuteBurns (int priority ca: Rendezvous Phase
& o i MBIt e -
Sy + A, primitive, Sctivicy MontorFarBreskouts wf: Process_On_Board_Sensor_D... wf: Execute_Burns wif: M wf.... | wf: Monitor_For
rames pa: Processing On-Board Sensor ... pa: Executing Burns pa: M... ca... | pa: Monitoring F
ite_activity ProximityPhase ()
activities W...
+
i LoLghH Give Orbit i
+ GuidanceProcedureOfficer L h Con_flrm
— -l OrbitDynamics engt Configure
F-parents Flight Rule Orbit
|
I 11 Length
+
+
+
¥ : 7/27/2005 11:20:00 P M 1 0 PM 11:44:00 PM
+-- 3% composite_activity FreeFlightPhase () ekizd 5 228 UI ! < = 2=
=% composite_activity RendezvousPhase () 1) Voice Loop - Flight Dynamics Front-To-Back (Shuttle)
pa
P& & primitive_activity MonitorStationHealth (int
+ \’\ primitive_activity MonitorShuttleHealth (int
+- & primitive_activity ProcessGroundiavData |
+ Q primitive_activity ProcessOnBoardSensorD:
= 3% composite_activity CalculateBurns (int White Shuttle FCR (Front Control Roon)
¥
hal © 5 11:20:00 PM 11:28:00 PM 11:44:00 P M
< > \‘_"') agent Rendezvous Guidance Procedurg Officer (GPO) o=
ﬂ Agent Model | (7] Object Madel | =3 Project Explorer Runtim

’ Ready

| line: col:

B L) ™ E O™ G veike Loop

R 35C CODF MODAT Pr...

2BEE T @S:"}_«@ 6:15 PM




Applications of Integrated
Work System Simulations

Space Habitat & Vehicle Design :*‘ ;b; s_*__j
Remote support-space ops integration Habitat 1=

Simulating & testing automated systems : ﬁ__li
(e.g., robots, agents) P

Crew scheduling & replanning

Tool & Procedure Design (e.g., human-
robot interaction)

Procedure change evaluation
Communication-coordination planning
Flight controller & crew training

ISRU Proceésor

Hauler
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Talk Outline

Problem: Earth-Orbit Communications

= Approach: Simulation-to-Implementation
Model of Current Operations Work System
Model of Future Operations Work System
Related Work

Implications for ESAW




OCA |

KFX

>

Ops LAN (ISS)

Mirror LAN

(MCC)



Solution: OCAMS - OCA Mirroring System

MAS Servers (KFX) |

L1

LF

Ops LAN (ISS)

OCAMS - OCA
Mirroring System

During STS flight #118, files manually transferred:
Uplinked = 2,513 files or 268 MB
Downlinked = 8,411 files or 29.4 GB

W LAN —
(MCC]




Complex Work System

a People & Organizations
o Computer Systems

o Communication Media
a Space Comm Network
o Geographic Distribution
o Regulations

" o Work practices &
1. protocols




Approach: Simulation to Implementation@

=g o= “S_i_”f@_ o=
—— ® Work ol = & 7
Current Ops —=>' System =>= ufure Ops oo .qukﬂow ...:m:
Slmula%-ion . 9 Simulatwn@ - “Tool .|
Design N2 AN D = R I o
.,_1_.. ?l“:\ ﬁ —— - El =l { -l
s ~ : ) 2 -7 B Gi-E
~ I P g -
S ~ I ” -z
AW v o’
—Metrics
& Data
_A_ -
Observation Implementation




OCA Current Operations Model

File info

EarthClock

Mirror File
Type

Schedule

OCA Orbit @

Shift Info

Mirrored
File

e NB:
Current Ops Model
simulates OCA officer &
FolderOn FolderOn
uses one Com Agent to USB Drive MirrorLAN

interface with Excel;
delivered March 2007




Runtime Yiew a ] X Time Line Yiew X |

(4Model_20070130_185633 OCA Area - ISS

|All Agents
‘_'nn‘

01:00:00 PM

10/31/2006 09:00:00 PM

gov.nasa.arc.brahms. OCAMo M a en C7F oGt By
MXS_FileTransfer_Tester
4" OCA Orhit 1 - Sam

4" OCA Orhit 2 - Chris
MirroringDecisionAgent
WorldState

11/01/2006 05:00:00 AM 09:00:00 AM

¢

Clock - Broadcast Earth Clock
Clock - Simulation Clocks
Computer
Earth Clock
File
Floor
Folder
HardDisk
Individual Activity
KFXCaomputer
KFXSoftware
LogFile 10/31/2006 09:00:00 PM
MirroredFile " agent OCA Orhit 2 - Chris
QCAModel_K\Oca-upliMs
QCAModel_K\CustomApg
OCAModel_doca-downil
QCAModel_K\CustomApy m... " m...
QCAModel_UABHPGICrey "
OCAModel_UABHPGICrey
OCAMadel_UABHPGICrey "
H QCAModel_UABHPGICrey 3
OCAModel_d\oca-downml
OCAModel_KCustamApg
OCAModel_UABHPG\Crey
QCAModel_UABHPGICrey
OCAModel_K\Oca-upiiMS
OCAModel_d\oca-downil
QCAModel_UABHPGICrey
QCAModel_UABHPGICrey
OCAModel_UABHPG\Crey 1
OCAModel_UABHPG\Crey
QCAModel_UABHPGICrey
OCAModel_d\oca-downic
OCAModel_UABHPGICrey [
QOCAModel_K\Oca-upliMs 1 6 0 / :00:00 Al 5:00:00 AM :00:00 AN 01:00:00 PM
OCAModel_doca-downil ager: “"CA Chit = - Tohi~,
OCAModel_d\oca-downil

L e M. 1 [ T TITMTTTTT wee... TTTTATTTMTTITTTITTTTE

OCA officer
arrives at

arrives
home

OCA Area - 1SS

|
11/01/2006 01:00:00 AM

09:00:00 AM 01:00:00 PM 05:00:00 PM

Texas H . | OCA are... OCA Area - ISS




Current Ops: Mirroring Simulation

== 0cCa area... OCA Area - ISS Mirror LAN Client

| |
09:1'—1:!50 P M

|
I:I!Q:‘14:|30 P
" agent OCA Orhit 1 - Sam

09:15:10 PM 09:15:30 PM

wif: Mirroring

ca: Mirroring

wf:L.. | wf... | wf: Transfer_Files_to_USB_Memory_Stick | wf: St.. | wf:Inser... | wf: Transfer_Files_from_USB_Memory_Stick wf: Verif... |1
pa:L.. | .. ca: DoFileTransfer pa: St... | ca:... | .. | ca:DoFileTransfer ca: Verif... |t
wf: wf_TransferFiles wf: ... wf: wf_TransferFiles wf: Verif... |1
____ ca: TransferringFiles M ... ca: TransferringFiles pa: Verif... ||
- Wi | | o - | Wi
caM.. |c.. |c. G | C.. |[ca.. |.. ey e es e
p [ c c ... o] | Fs| B
n n n n

V:OCAtransferiSsi.. olderOnMirrorLan

l
09:14:10 PM 35:10 Ph 09:15:30 PM

) OCAModel_UABHPG\CrewiNewsidea_Ne File types & folder
‘ paths are modeled
=

to facilitate later
automation

VAOCAtransferliSSi... FolderOnMirrorLan

|
9:14:10 PM ] 09:14:!’:’-0 P A DQ:15:|'10 P hi

(1) OCAModel_UABHPGICrewiNews\ESA_Video_News wiy_1

| [T il 9

09:15:30 P




Future Ops Simulation:
OCAMS Prototype TooI

3 OCA MAS PC ——/Word

Handover Log
Messages NB:
/ Future Ops Model
runs on one laptop;
‘ delivered October 07
OCA Officer Mirror Log
Agent
LEGEND:

KFX Machine © - Brahms Agent

_ Communication
Agent (Java)
KFX Log - _ External System
\ or Document

- Simulated File
System

Folders & Flles N i i
5 Hr To/From ISS \ errormg
Staging
Machine
MirrorLAN
MirrorLAN !
Folders & Files Staging
Folders & Files 10




Future Ops: Simulation GUI
(OCAMS Prototype Tool)

OCAMS KFX Activit

KFX Activity for [GMT] 248/16:26:38 through [CT] 248/17.36:41

Date File Narme Action Location Archive  Mirror  Defiver Status
[CMT) 248/16:26:38 distsite.bat Uplink k:hoca-upl A FTP Permission Cranted
[CMT) 248/16:26:38 distsite.pif Uplink K:\oca-up) i FTP Permission Cranted
[CMT) 248/16:2642  msgs.zip Uplink k:\oca-upl X FTP Permission Cranted
[CMT] 248/16:2645  web.zip Uplink k:\oca-uph X FTP Permission Granted
[CMT) 248/16:2758  Uipdates.log Downlink d'hoca-down)
[CMT] 248)16:2758  Updates.xm Downlink d:\oca-down| b FTP Permizsion Granted
[CMT) 248/16:28:06  Uipdates.log Delete K\ CustomApps| Ostov| WebData) 1S5\ Export|
[GMT] 248/16:28:06  Updates.xm| Delete K\ CustomApps | Ostov) WebData\ 155\ Export)
[CMT] 248/17.29:21  22P_unpack CMT 205start_al4c59%3-0fab-4418-9d84-967... Downlink d:hoca-down}
[OMT) 248/17:20:22  22P_unpack_CMT246_start_13-0525¢.xls Downlink d-\oca-down)
[CMT) 248/17:3023  Updates log Downlink d-\oca-down|
[CMT) 248/1730:23 Updates.xmi Downlink d'\oca-down| X FTP Permission Cranked
[CMT] 248/17:30:31  Updates.log Delete K\ CustomApps | Ostpv| WebData\ IS5 Export|
[CMT) 248/173031  Updates.xmi Delete K\ CustomApps | Ostpv| WebData\ 155 Export|
[CMT)248/1736:28  2006-248_17-34-20_Snapshot.zip Liplink K\ CustomApps| Ostovi WebDara) 1854 X Completed
[CMT) 248/17:36:41  2006-248_17-34-20 Snapshot.zip Wave K- CustomApps | Ostovi WebDazal 155

Parse the KFX Activity Log || Process the Current LlstufFaIe_s (lear Processed Files

11




Statistics: Manual (current) vs.
Automated (future) OCA Mirroring

Communicating Cl-qunﬁguring
1% L r Resource

i 4%

il Deleting
2%

Verifying
28%
Verifying CheCking
24% 25%
_,_.--—"'_'_H_'_H . .
Communicating
10%
_ Moving .
Transferring Files Loggmg 35%  Configuring Deé(‘a)/tlng
6% 46% Resource °
3%
Searching
= 8%
\ Future Operations (with OCAMS):
Moving Mirroring Activities
o = < .5% shift time

Current Operations:
Mirroring Activities
= > 5% shift time

12




Next: Implementation & Extension

a FY 2008
= Now: Transfer OCAMS simulation to
multiplatform implementation
= Automated file archiving and customer
notification

= OCA officer capability to modify mirroring/file
transfer rules

o Beyond 2008

» |nteractive query & notify via synthetic voice
communications on voice loop (agents <->

e people)

| = Apply OCAMS to OCA ISS uplinks

» |dentify other target processes for Mission
Operations and Design Tool in MCC operations

13



Related Work

o Workflow Management Tools
= Unit of Analysis: Activity vs. Task
» Run-time Process: Identity vs. Function
= Simulation fits Implementation-in-Practice

o Agent-Based Modeling & Simulation
= Cognitive Agents
» Beliefs, Multiple Groups/Roles
» Subsumption vs. Procedural Stack
s = Contextual Behavior fits Distributed Work System

14



Implications for
Engineering Societies of Agents

o Highly interdisciplinary methodology for
engineering complex distributed applications

» Ethnography, Flight Ops (Aeronautics), Computer
Science/Networking, Space Science

o Simulation-to-Implementation: Analysis, design,
development & verification of agent system

o Agent-Based Systems Integration: Middleware
infrastructure for agent societies

15




For More Information... @

a NASA.gov
o www.AgentlSolutions.org

o Bill.Clancey.name
o homepage.mac.com/MSierhuis

16
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@ “The Scientific Method”

S ClENTIEIC REASONING
I OBSERVE X
2.HYPOTHESIZE 13
IEXPERIMENT r
4.ASSESS DATA




@ More Scientific Methods

MAKE AN
OBSERVATION

l

ASK A
QUESTION

l

FORM A

b

Define Problem
St
| Propose Hypothesis |

=~

Gather Evidence
Test Hypothesis

Reject Hypothesis Retain Hypothesis

™ Doy Treory —

HYPOTHESIS -

l

CONDUCT AN
EXPERIMENT




@ A Scientific Methodology?

«._action generation :

_____ » and <_action evaluation "
Scientific activities usually occur ina problem-solving project,
always are affected by culturally influenced thought styles, and

require motivation and memory, creativity and critical thinking.

GENERATION (by selection of old theory or by revision-invention of new theory)
is guided by all evaluation factors: cultural-personal, conceptual, and empirical
{as in retroduction: IF system-and-observations, THEN MAYBE model) #=f-------c-ommonmmnnn known observations -------------, .

.
.
.
.
—— .
b
.

PSYCHOLOGICAL motives
Jaerive ] and PRACTICAL concems, |,

theories ::
LIIiIIiiiiiiiiiiiiiiia .
| METAPHYSICAL worddviews |oness (e
. - -ﬂ-\ -t- t-h"- =M experimental
vi . . bl ollec SYSTEM
: r % system)
and IDEOLOGICAL pnnciples, D
t.s::""s ¢ do physical experiment >
of theory d = ==
relative to an with SYSTEM, using
competitors ......... | 0 * 0 of N .A U m 0 R 'T ' E S " observati$ detectors
pmons ical. | —
Sison >| observations
PSYCHOLOGICAL mo
and PRACTICAL concs J
wnmscos CUTEUFAl - personal factors s
and IDEOLOGICAL prin
and EINPIricdl evaauons o1 I‘l
opihions of "AUTHORITIES" PREYIOUS HYPOTHESES |* I
cultural - personal factors . empirical factors H-D logic for previous experiments:
'
- ----3| SYSTEM
internal characteristics: : EXTERNAL RELATIONSHIPS JEL2L 9
COMPONENTS and with other scientific theories 4
LOGICAL STRUCTURE . and with cultural-personal theories I predictions |(__%>| e e } ____________

conceptual factors



Phoenix: Being Scientific
Challenges & Accomplishments

» Available tools (TEGA, WCL,
OM...) = definition of
“evidence”

« Publication genre (e.g.,
Science) - data gathering

« Public expectations & blogs
—>announcements

 Mission Success Criteria #
scientific objectives (like MER)

» Fixed workspace - requires
consensus for defining
systematic study (vs. MER)

« Complex daily multi-level
engineering process = science L L
proceeds at the pace of the total . 'ge,f
system (comms, power, oo | | -
memory, programming/OS,
instrument interactions, roles &
schediiles)

rench



Phoenix: Being Scientific
Planning & Documenting with Engineering Tools

Phoenix Science Interface [cambal]

w  Help

Q®|® |2 | ® 2D O |Guestv| @ 33| B =~ B [2n0urs [~] [col]

113 B . ¥ ASTG_sdl111_v3:111-112 (Read Only) |

servation 5 @ Baker's Telltale - 32 S

tes 15 hours 47 min from selection

Sol 112
16:00 8:00 lll_'ﬂ_._m_ |_12:m_ ild:m_ \1_5-00

S 6 Filter Optical Depth [1]
; Dust nlLvtl Search - 12)1]) [o] |
_ r's Telltale - 32 1] :

, |
551 6 Filter Optical Depth [1]

5ol Water_Sky_Template [0]

. [Biker's Telltale - 32 [3]
| 1

PaylimepiE CP profile (going up) [1]

E dLn xfer and restart v10 [0]

50IpI11 Lidar Data Transfer [0]

I Em;




@’ Phoenix: Being Scientific
Opportunistic Practicality vs. Principled Strategy

e =
"-M___:_:'




Phoenix: Being Scientific
Managing Programmatic Requirements

Landing Scorecard

3 locations

MINIMUM FULL
EXPECTED MISSION FULL MISSION SUCCESS | MINIMUM MISSION SUCCESS ACHIEVED | ACHIEVED ISSUES
Land successfully on the surface Same Same DONE DONE NONE
Sample Analytical Analysis Scorecard
MINIMUM FULL
EXPECTED MISSION FULL MISSION SUCCESS | MINIMUM MISSION SUCCESS ACHIEVED | ACHIEVED ISSUES
Samples of the surface soil and Samples of the surface soil | Samples of the surface soil and - 33%
three depths to both TEGA and |and two depths to both TEGA| one depth to either TEGA or 50% bk
MECA. and MECA. MECA. deivered)
Use TEGA to analyze 8 soil Use TEGA to analyze 3 soil | If TEGA, analyze at least 2 soil
samples for H20 profiles and 4 | samples for H20 profiles and | samples for H20 profiles and an 66% 50%
atmospheric samples in its mass |an atmospheric sample in its|atmospheric sample in its mass y ?
spectrometer mass spectrometer spectrometer
Use MECA to analyze the wet | Use MECA to analyze the wet
chemistry of at least 4 soil | chemistry of at least 3soil | ! ME‘&’;" e ;".". 50% 33%
samples samples
Use MECA to analyze 3 50%
Bee ?ﬁEigAn:;;nsiLyze ;t(a’lt? :;" s samples in its microscopy - -- (PartAof 3
24 . station. OM samples)
Provide MECA/TECP soil
conductivity measurements for a - " _ _
diurnal cycle 3 times and up to 3
____depths beneath the surface
Terrain, Rock, and Soil Remote Sensing Characterization Scorecard
MINIMUM FULL
EXPECTED MISSION FULL MISSION SUCCESS | MINIMUM MISSION SUCCESS | .. = =0 | Achievep | 'SSUES
Full RGB panorama of the landing Partial monochromatic panorama
site Eams of the landing site BONE o5%
Calibrated optical spectra of at least Same _ _ DONE NONE




Phoenix: Being Scientific
Managing the Public’ s Publications — part 1




Phoenix: Being Scientific
Managing the Public’ s Publications — part 2

Let’s go for Broke?

« Without hard evidence that we have ice, the
perception will be that the mission is failing

« With quantitative evidence of ice, and
evidence of ice melting, the perception will be
that we have a successful mission

 Let’s RASP the ice now!

— Even without analysis this could provide hard
evidence that we have ice.

End of Sol 26 Meeting, June 20, 2008



Phoenix: Being Scientific

Working with a Blind Robot
= "y " ‘ B [ "~




Phoenix: Being Scientific
Managing Contingencies on a Timeline

‘ Dig in Snow White

1

Sol 23:
Find nice white trench?
YES NO
*Holy Cow
; *Dig to expose white
*Map DodoGoldilocks
2k °0MpSubstrates 1OM substrates
Exposed?
YES NO

| Acquire OM sample | _ _
Sol 25:  *Surface?  Dig to expose white |

[ *Subsurface?




Sol 24

Dig in Snow White

Sol 25 P Cloddy Soil Sample, Sprinkle Test, OM substrates 2
Sprinkle test successful?
FINES P NO FINES
Sol 26
° OM Sprinkle delivery Continued Sprinkle-type tests
FLASHI NO FLASH Way to deliver sample?
Remot YES ,', NO
Sol27 | | TEGA and WCL S:::i’n; i
iciti OM Sprinkle Deliver
Sample Acquisition BAEeAEEH P y
: FLASH?
Repeat until Flash
YES 1 NO
TEGA Delivery TEGA and WCL Remote .
: i Sensing an
Sol 28 Enough left in scoop? Sample Acquisition BAIE cavation

Repeat until Flash

Sol 29

Continue as on left
YES NO

WCL Sprinkle WCL Sample
delivery Aquisition




Sol 23
6/17

Sol 24
6/18
LTPC

Regular ATM Regular ATM Reqular ATM

k 350 o .

Reqular ATM

Water vapor
22:01, 1:38,
7:04

Coordinated

¢ 1:00am

Regular ATM

22:00, 0:45,

3:30, 6:15



Phoenix: Being Scientific

Targeting Samples in Shared Workspace
o .Row R?ﬂi"ﬂ?}ﬁ ‘ | ' '

| - \I.H
L

= o
© RoSne

J Steve th"C'ip'm' wh"ﬂ

3 %%”,Z’{,j

Jﬁhaps ui Fortune /

-"{' iy |mpr=|nr SUEbT""- &




Phoenix: Being Scientific
Targeting Samples in Shared Workspace




Phoenix: Being Scientific
Model-Based Data Gathering

Model Polygon Cross-Section Profile Icy Polygon
Snow White trench has / \
exposed cloddier soil
than DodoGoldilocks
. Soil Laye Use SL(J: l;)an Ir:‘?ce
S Instruments
Ice Layer \\\ H 20 ICe

S

Melting Ice?

We need the soil temperature

Criwsl poard




The Scientific Method Revisited
Beyond Observing, Hypothesizing, Experimenting

08:15 MST 74 minutes ago End-of-Sol Science Meetir * “ﬁw =
.‘b‘{ ped ,2-:_,_‘ . %)

10:30 MST 61 minutes from now Activity Plan Approval Meetin¢

o Informed exploratiOn 09:20 MST 9 minutes ago Upcoming Sol Planning | A :. .

=X

N -
10:15 MST 46 minutes from now Short-Term Planning } F -

o SCh ed u Ie & WO rk p I a n 11:15 MST 2 hours from now Long-Term Planning

. .. . 12:30 MST 3 hours from now Sequence Walkthrough
prlorltlzatlon 12:30 MST 3 hours from now Shift 1 End :
13:45 MST 4 hours from now Final Sequence Integration B e i o M e gy T O i
. . ] m;
 Modeling: Not just isolated Sarset | w

hypotheses

« Strategic sampling & test
allocation

« Experimentally testing
instruments to calibrate

« “Doing” the story you want to
tell or need to publish

“Good science is simply not
trying to be tricked into the wrong
answer by the evidence.”




Being Accountably Scientific

Responsive to peers, program managers, publishers, and
public interest in a principled, coherent manner

Constructing an orderly image of the world
... that includes your visible actions.



o

Sou)

t

sibly knowledgeable ways...

In vi

Creating knowledge



The plumes of Phoenix seemingly etched its own image
as it launched to Mars...




SITUATED COGNITION:

Part 1
A Transactional View of Knowledge

Part 2
Implications for Design

Senior Research Scientist
Institute for Research on Learning

Canberra, Australia @ 1997 WJ Clancey



The Holistic View of Knowledge

— created within coordinated activity
— enables giving meaning to descriptions

— oriented within shared activities and
methods

— always changing in activity
— transcends individual control

— develops through interactions between
communities of practice



Where a Psychological Perspective is Helpful...

“Social construction... sees our understanding of the world as generated by
people...rather than as a set of fixed, immutable facts.” (p. 12)

“Skill and expert performance cannot be captured as a set of formal rules... skills are
performed in the context of specific situations.” (p. 13)

“A strict model of human action in most work situations is not possible or appropriate;
rather, human action is driven by the concrete situation that exists at any moment and is
constantly changing. This implies that we should support office workers in their
activities, rather than building office automation systems.” (Bannon, p. 35)

“It 1s the community rather than the individual, that defines what a given domain of work
is and what it means to accomplish it successfully.” (Suchman and Trigg, p. 73)

“The members of the team go rapidly into position which they did not foresee, plan, or
even immediately envisage, any more than the bits of a glass in a kaleidoscope think out
their relative positions in the patterns which they combine to make.” (Bartlett, 1932)

Generated by people vs. fixed? Cannot be captured? Possible
or appropriate? Who has ideas, a person or a community?
People are like randomly moving bits of glass?



From Social Science to
Neuropsychology

1st Order (External View)

2nd Order (Internal View)

1) Interactive
view of everyday practice.

Distinction between practice
and theory, culture not
reducible to lists of beliefs,
conventions, rules.

4)

Cognitive processes in the
brain.

Distinction between
deliberation and coordination.

2) How
representations are created and
used.

Distinction between
representations we can
perceive, representing to

ourselves, and neural
Structures .

3) Foundational
analyses of concepts, meaning,
and models.

Distinction between models and
knowledge.




What is the ontological difference between

(as in virtual reality)




Situated Cognition -- Main points

1) Every thought, perception, and action is a generalization.
2) Human memory is not a storage place.

3) Experienced representations (whether imaginary or
physical forms in the world) are created and given meaning
perceptually.

4) Rules and scripts represent historical trends and patterns of
interaction relative to an observer.

5) “Reality” cannot be objectively described or modeled.

6) Laws and grammars descriptions don’t generate behavior
patterns except in formal systems.

7) Simple mechanisms in complex environments can produce
complex-appearing behaviors.



Perception >
Descriptions =
Concepts =
Knowledge
Action <@
Brain

Traditional, Parallel-Independent View of Perceiving and
Acting

(Descriptions mediate behavior internally)



Perceiving -«
forms

Concelving symbols,
patterns & relations;

Physically coordinating

Acting: ways of seeing, orienting,

Configuring & moving
and
Describing Brain

Simultaneous, Co-Dependent View of Perceiving and
Acting

(Perceiving and describing are behaviors; descriptions are
artifacts.)



Representational Artifacts and
Modes of Representing

Descriptive
Representations

Words =+ Drawings

Formal
concepts

Scenes

Iconic
Representing



Two Modes of Higher-order
Categorizing:

temporally-constructed world
(spatial-temporal
conceptualizations)

simultaneous world
(scene)



Dependencies of Perceiving,
Conceiving, and Coordinating Action

(revealed by the experiences of Dr. P and Rebecca)

Dr. P "Left Brain" [Function
spatial-temporal < $ coordinated
conceptionalization action

A
v

visual details <@——® scenes

"Right Brain"|Function

Rebecca

10



Conceptual Strategies of Dr. P and
Rebecca
to Coordinate Activity

"Left Brain" Function
Dr. P !

spatial-temporal ~<@——§p coordinated
conceptionalization action

A
v

visual details <@——®» scenes

"Right Brain'| Function Rebecca

11



SINGLE-MOST COMMON
CONFUSION IN Al

Equating:
“knowledge”
“knowledge representations”
“representations”
“mental models”
“knowledge base”

Often leads to interpreting situated cognition to mean that there are “no internal
representations” or “no concepts in the mind.”

Rather, the claim is that “knowledge” is an analytic abstraction, like energy, not
a substance that can be in hand. You cannot inventory what someone knows.

Knowledge representations (e.g., textbooks, expert systems) are descriptions,
which are tools, not knowledge itself. ““The map is not the territory.”

12



Taking what 1s already known or
pomting to i1t 1S no more a case of
knowledge than taking a chisel out of
a toolbox is the making of the tool.

John Dewey, The Quest for Certainty, 1929

13



EXTERNAL

REPRESENTATIONS
[~
INTERNAL
(prgiff‘m)s REPRESENTATIONS
and fiies (MEMORY)
T,
Q“ﬂ’ AE _m%"
a "~

IF X THEN Y

“Much of what constitutes domain-specific problem-solving
expertise has never been articulated. It resides in the heads of
tutors, getting there through experience, abstracted but not
necessarily accessible in an articulatable form.”

(Sleeman and Brown, 1982, p. 9)

14



TOTAL COGNITIVE SYSTEM

Long term memaory

Encoding C ognitive D ecoding
productions productions productions

by ty v

[Goal stack]
Working memory

by by

P erceptual M otor
Systelms Sylstelms
—{Senses] {Muscles] —

External environment

Performance:

[P-—-—> E]--—> C——->[ D--> M]
Structure and Learning:

[ P]-—>1 E-> ©C--> D]-—->] M1]

Newell, Unified Theories of Cognition, 1990, p. 195

15



The Cottage Cheese Example

Information and procedural knowledge accessed by eye, hand, or transformed in activity,
make possible a move toward the solution or suggest a change in the solution shape that
draws it closer to the information at hand... It may be difficult, even, to distinguish the
problem from its resolution...

Another problem posed to new members of the Weight Watchers in their kitchens
provides a further illustration... In this case they were to fix a serving of cottage cheese,
supposing that the amount allotted for the meal was three-quarters of the two-thirds cup
the program allowed.

The problem solver in this example began the task muttering that he had taken a calculus
course in college (an acknowledgment of the discrepancy between school math
prescriptions for practice and his present circumstances). Then after a pause he suddenly
announced that he had “got it!” From then on he appeared certain he was correct, even
before carrying out the procedure.

16



Cottage cheese example (continued)

He filled a measuring cup two-thirds full of cottage cheese, dumped it on a cutting board,
patted it into a circle, marked a cross on it, scooped away one quadrant, and served the
rest.

Thus, “take three-quarters of two-thirds of a cup of cottage cheese” was not just the
problem statement but also the solution to the problem and the procedure for solving it.
The setting was part of the calculation process and the solution was simply the problem
statement, enacted with the setting.

At no time did the Weight Watcher check his procedure against a paper and pencil
algorithm, which would have produced 3/4 cup x 2/3 cup = 1/2 cup. Instead, the
coincidence of problem, setting, and enactment was the means by which checking took
place.” (p. 159-165)

17



Cottage cheese example (continued)

“[He] appeared certain he was correct, even before carrying out the
procedure” —> Internal experience of representing, never
discussed by Lave, et al.

“...the solution was simply the problem statement, enacted with the
setting” —> No, the setting isn’t given, but 1s perceived in a
certain way, as affording a certain kind of activity.

Subject’s certainty 1s evidence for conceptual understanding,
which coordinated the activity as a procedure; this was not carried
out in the manner of executing a program, but enacted.

Besides contrasting the enactment with the calculation on paper,
we must also draw out the psychological aspects, which
themselves contrast with symbol manipulation on paper.

18



Deficiencies of Cognitive Studies of
Learning (re: Transfer)

(from Jean Lave, Cognition in Practice)

— Devalues knowledge of “just plain folk” (JPF), misconstruing
relation of practice & theory.

— Reduces culture, meaning, knowledge, & context to
descriptions.

— Problem-solving experiments restrict reasoning to symbol
manipulation in a given, fixed language (“characterize on a

priori grounds the structure of ‘correct knowledge’”)

— Reduces “using a theory” to instantiation & mapping vs.
interpretation, reconceptualization, reperception & interactivity.

19



Pam and Sarah Using the Grapher Program

As you may have noticed, the graphs of these equations are straight lines... We’re going
to try to make some sense out of why different numbers produce different lines...

Your equations Your discoveries
Y =4X +3 When you try an equation
Y=-1X + 10 with smaller numbers the
Y = 5X+5 line gets straighter.
Y=5X+7 ,
Y=10X +9 When you type higher
T=30%+10 numbers the line gets

- thicker.

T=H0X+50

20



Clear the screen and type in these equations, one at a time:
Y=2X+1
Y=3X+1
Y=4X+1

What do you notice? The lines are not very straight.
How are these lines similar? They are
How are they different? Bach one is thicker than the other one.

What do you think will happen if you type in Y = 5X +1? That the equation is not going

Sketch your prediction on this empty graph and then try it on the computer. to get
Hieker

straight.
What do you think will happen if you type in Y = 1X +1? The line i
going to get straighter.

Sketch your prediction on this empty graph and then try it on the computer.

21



Effect caused by pixel visibility on computer screen:
Only the horizontal and vertical lines are “straight.”

Which Symbols are GIVEN in this Problem?

22



POINT, STRAIGHT LINE

THE LITTLE DOTS
THESE LITTLE LINES

STRAIGHT

THICKER
BIGGER

T'he words are grounded in the activity of seeing (grainsize,
segmentation, alignment), orienting the paper, & gesturing -- and
this activity is conceptually constrained by an understanding of the
experimental activity, what they are supposed to be doing and how
they are supposed to do it.
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The meaning of the word
‘in” 1s different from its
meaning when it 1s said
that pennies are ‘in’ a
pocket or paint is ‘in’ a
can.

“The statement that
individuals live in a
world means, in the
concrete, that they

live 1In a series of
situations.

The conceptions of situation and of interaction are inseparable
from each other.” (Dewey, The Child and the Curriculum, 1902)
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Dewey: The Reflex Arc Concept of Psychology

“The older dualism between sensation and idea is repeated in the
current dualism of peripheral and central structures and functions;
the older dualism of body and soul finds a distinct echo in the
current dualism of stimulus and response.

Instead of interpreting the character of sensation, idea, and action
from their place and function in the sensorimotor circuit, we still
incline to interpret the latter from our preconceived and
preformulated i1deas of rigid distinctions between sensations,
thoughts, and acts. The sensory stimulus is one thing, the central
activity, standing for the idea, 1s another thing, and the motor
discharge, standing for the act proper, 1s a third.

As a result, the reflex arc 1s not a comprehensive, or organic, unity,
but a patchwork of disjointed parts, a mechanical conjunction of
unallied processes...

25



What 1s wanted 1s that sensory stimulus, central connections and
motor responses shall be viewed, not as separate and complete
entities in themselves, but as divisions of labor, functioning
factors, within the single concrete whole, now designated the
reflex arc....

What shall we term that which is not sensation-followed-by-idea-
followed-by-movement...?

Stated on the physiological side, this reality may most
conveniently be termed co-ordination.

(Dewey, The reflex arc concept of psychology, 1896, p. 137)

26



Situated View of Sensorimotor
Coordination

(adapted from Edelman, Bright Air, Brilliant Fire, 1992)

Sensation

Conceptual Linguistic
Categorizing of Categorizing
Perceptual ("symbols")
Perceptual Categories y
Categorizing | Coordination | and Coordination ® 's and
Reentrant | Sequencing | Sequences roca s an
Value Wernicke's
Mapping (Frontial, Areas)
Temporal,
Parietal Cortices) BRAIN
Motion
Utterances/Texts \ 4
Diagrams : External
Knowledge representations R tati
Computer programs cpresentations
Gestures (symbolic
structures)
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Physical Symbol Systems

The most fundamental contribution so far of artificial intelligence
and computer science to the joint enterprise of cognitive science
has been the notion of a physical symbol system,

1.e., ... systems capable of having and manipulating symbols, yet
realizable 1n the physical universe.

Allen Newell, Cognitive Science, 1980
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Aaron: Representations and

Experience

(from Aaron’s Code, Pamela McCorduck, 1991)
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To be truly artistic, a work must also be esthetic—that 1is,
framed for enjoyed receptive perception. Constant observation
1s, of course, necessary for the maker while he is producing.
But if his perception is not also esthetic in nature, it is a
colorless and cold recognition of what has been done, used as
a stimulus to the next step in a process that is essentially
mechanical. . . .

The doing or making is
artistic when the perceived result 1s of such a nature that its
qualities as perceived have controlled the question of
production. . . .

John Dewey, Art as experience: Having an experience, 1934.
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Example: Coupling of Perception,
Meaning, and Conception of Activity

> Y
A

pDATE 2 0/3/89 yeuRe

En Votre Absence
wR.CLANCEY

DE
TEL
Indicatif Numeéro Extension

& leléphoné Vous a rappels
Reteléphonera Urgent
Veullez rappeler 7]  Amerait vous voi

MESSAGE You must be
at the train s hﬁ{)ﬁlh
as soon as
M_mL
Regu par Mo ni gue

e, i
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Interacting Tool-Use Activities

Experiencing or
Imagining interactions
in the world
(Physical stuff)

Modeling
(simulation graphics)

Conceptualizing,
interpreting, theorizing
(conceptual structure)
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Plans are Descriptions of Activity

One kind of activity 1s an essentially situated and ad hoc
improvisation—the part of us, so to speak, that actually acts. The
other kind of activity is derived from the first, and includes our
representations of action in the form of future plans and
retrospective accounts. Plans and accounts are distinguished form
action as such by the fact that, to represent our actions, we must in
some way make an object of them. Consequently,

, in the form of
imagined projections and recollected reconstructions.

(G.H. Mead, Mind, Self, and Society, 1934)
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Theoretical Descriptions Lie Between

Performances
past activity future activity
Representation:
< Pattern descriptions >

Naming, and Theories Planning,
history-telling, designing

T explaining T

improvisation-in-action improvised

interpretation

35



<THEORY>
formal policies, standards, texts, tools

i

interpretations, guidelines, heuristics
tentative theories, studies

!

similar cases
experiences

Local

problematic
situation

<PRACTICE>

Relation of Descriptions to Practice
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Human Learning

More than just accessing and manipulating facts and theories,
but also perceiving, conceiving, coordinating, participating, and
conversing in new ways.

Changes activities—the choreography, not just facts, models, and
tools.
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Changing How We Talk
about Knowledge

“They have knowledge but cannot act.”
“Knowledge should be stored before it gets lost.”
“Mental models are in the head of the user.”
“Perception 1s controlled by theory.”

“Learning 1s an individual, knowledge-based process
and a social communication process.”

“Expert systems don’t learn from experience.”
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Example: Constructing “The
Ontology” Of Medical Knowledge

One View: “The real question is whether a coding system like
SNOMED is sufficient to represent medical concepts.”

Better View: “Sufficient” as a map, a tool, not to “capture” &
store.

SNOMED = MEDICAL VOCABULARY (WORDS) #
MEDICAL CONCEPTS

Cannot represent “all the details”; cannot anticipate “every useful
point of view.”
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“The map orders individual experiences, connecting them with one
another irrespective of the local and temporary circumstances and
accidents of their original discovery...

The map is not a substitute for a personal experience. The map does
not take the place of an actual journey. The logically formulated
material of a science or a branch of learning, of a study, is no
substitute for the having of individual experiences...

The map, a summary, an arranged and orderly view of previous
experiences, serves as a guide to future experience; it gives direction;
it facilitates control; it economizes effort, preventing useless
wandering, and pointing out the paths which lead most quickly and
most certainly to a desired result...

Its
value is not contained in itself; its significance is that of standpoint,
outlook, method.”

(Dewey, The Child and the Curriculum, 1902)

— Mot to Scale — e
" |



Requirements for a
Tool for Medical Inquiry

Despite the fact that the Weed [PROMIS] system was designed precisely to promote a synthesis of scientific and
practical thinking, its automated form was not open and it did not leave enough room for the frequent tentative
rearrangement of facts and hypotheses that are part of cognition in real world problem solving. [Lincoln, p.
164]

What MUMPS could not do, and the industry failed to do, was to provide an adequate platform that would address
the interactive needs of top professionals properly: to be able to enter their own data and to navigate through a
context rich data base with the express purpose of solving clinical problems.... These records do no more than
document a series of specific transactions. They do not support spreadsheet-like interactions that deal with
tentative inference and with volatile, revisable situations. (p. 178)

Judgment will only return to its own if the logic behind it is captured and becomes subject to review, personal
improvement, and teaching by better example. For clinical experience to be self-correcting, data must be
approached in a manner similar to research: hypotheses must be recorded, together with actions taken in
response to each, and the expected outcome predicted —all in sufficient detail (as a part of the patient chart)—to
be the equivalent to a laboratory notebook. Only then will it be clear why a particular care policy succeeded or
failed in a given circumstance, and whether the logic that was used was appropriate. (p. 173)
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Not justa “Computerized Patient Record”

)

Il_III_ll
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“Components” of Medical

Knowledge

CONCEPTUALIZATION

Medical Reasoning
& Judgment

~

.

Distributed, hybrid records

REPRESENTATION
EMR Vocabulary & -

- J
Interpre t/ \)rdina ting
~ e

PRACTICE

Caregiver collaboration,

Narrative, Formalizing communication, tools,

) -

choreography
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Problem Framing

(Schén, Educating the Reflective Practitioner, 1987)

notice. In his road-building situation, the civil engineer may see drainage, soil
stability, and east of maintenance; he many not see the differential effects of the
road on the economies of the towns that lie along its route.”
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14

it is through naming and framing that technical
problem solving becomes possible.”

“A problematic situation presents itself as a unique case, or
causally uncertain, or .. To deal
with it competently, she must improvise, invent, and test in the
situation strategies of her own devising.”
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“The construction of a well-formed problem is not a technical
task.”

Generative metaphor.
Putting representations into the environment.
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* Perceiving, naming, and differentiating patterns.

- Commenting on the meaning of patterns.
“‘What is this? How have | been thinking about this?”

- Constructing a narrative, attributing causality, rationalizing.
“How did this begin? What happens next? Why?”

- Setting subproblems, experimenting.

- Making new, perceptually-coherent figures.
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“On the objectivist view,
facts are what they are,

and the truth of beliefs is strictly testable
by reference to them.

All meaningful disagreements are resolvable,
at least in principle,
by reference to the facts.

And professional knowledge rests on a foundation of facts.”

[=

(Kyle, quoted in Schon, p. 11)
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The Meaning Of Designs

“Those of us who are concerned with buildings tend to forget too
easily that all the life and soul of a place, all of our experiences
there, depend not simply on the physical environment, but on the

which we experience there.”

(Christopher Alexander, 1979)
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Generic Form of Design Patterns
CONTEXT
—» SYSTEM OF FORCES (conflicts)

—» CONFIGURATION

A design pattern 1s “an attempt to discover some invariant feature
which distinguishes good places from bad places with respect to

some particular system of forces.”
(Alexander, 1979)

Door 1n the back of the room.
Unanchored chairs on wide terraces.
Stacking blackboards.

Exits on both sides.
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private terrace on the street
outdoor room

hierarchy of open space
south-facing outdoors
something roughly in the middle
roof edges you can touch
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stair seats

Implications of Situated Cognition for
Socio-Technical System Design

1) but are not equivalent to laws,
rules, grammars.

2) they cannot be strictly
controlled.

3) collaborate with users on site
in tightly incremental designs.

4) don’t just automate conversations.

5) multi-role jobs, nonroutine problem

solving.
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Reconceiving the Role of Formal
Modeling

= Process-modeling language
is required for describing work processes
(e.g., scripts, transition nets).

=* What coordination accomplishes, not individual “reasoning”
(i.e., transcends individual point of view).

= Patterns of interaction,
not templates stored in individual brains
(i.e., a representation, not knowledge itself).

hY
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Design for Learning
(Work as Design)

* Adopt a

—Knowledge 1s the capacity to adaptively recoordinate past
ways of seeing, talking, and interacting.

— Information representations are created and (re)interpreted
within inherently social activities.

— Meaning # semantic representations.

e If learning 1s reduced to storage of descriptions (theories,
models, data), technology will be inadequately exploited and

glaring problems will remain.
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Dynamic View of Tool Creation & Use

. future interactions via imagination & mock-up trials.

. (creating new
vocabulary for describing spatial-temporal interactions, e.g., “work
triangle” in kitchen design).

. with clients, suppliers; getting advice from the
community of practice.

. rules of thumb, regulations (global standards, prone

to change or highly complex), and new articulations from personal
experience.
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Design Ideas from Workplace
Studies

- make resources (human and artifacts) more available;
- see, copy/incorporate, possess, modify, “become responsible for”

- support overlapping responsibilities;

- relate contributions, not isolate jobs;

- accommodate novices & experts, people familiar or not with
situation

- orientation, exploration, collaboration, coordination, taking

action;
- allow non-routine processes to remain ad-hoc
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LIMITATIONS IN ANALYSIS OF
COMPUTER-HUMAN INTERACTION

Systems analysis functionalism (building tools around formal
descriptions of production) vs. facilitating innovation.

How are representations created? How are categories given
meaning in activity?

']

Describing people one-dimensionally as rational information
processors, vs. problems of 1dentity and conflicting values
influencing roles, rights, and access to information.

What interactions occur outside the web of information-
processing computers and telecommunications links?
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The “cooperative approach” must
include the “traditional approach.”

(Greenbaum and Kyng, 1991, p. 16)

“It is easier to see the conditions in their separateness, to insist upon one at the expense of the other, to
make antagonists of them, than to discover a reality to which each belongs....
When this happens a really serious problem—that of interaction—is transformed into an unreal, and

hence insoluble, theoretic problem.” (Dewey, The Child and the Curriculum, 1902)
focus is on focus is on
problems situations and breakdowns
information flow social relationships
tasks knowledge
describable skills tacit skills
expert rules mutual competencies
individuals group interaction
rule-based procedures experience-based work
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SOME CONCLUSIONS ABOUT
TECHNOLOGY

Qualitative models, used by people to design, audit, repair, predict,
and control systems in the world.

As different as the carpenter from a chisel:
Human knowledge & culture cannot be inventoried;
Learning occurs with every human action;
Human memory is not a place where representations are stored.

Multidisciplinary, participatory, iterative, design
in the context of use; facilitate human interaction & creativity.
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‘““The road to technology-centered systems
is paved with human-centered
intentions.”

David Woods, Ohio State University
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BASIC READING ON SITUATED COGNITION
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Permafrost alcove in
Haughton Crater
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Research Station

NASA/SETI & Mars
Society: Promotion plus
Research

Authentic work site:
Geology, biology,
computing, medicine,...

Investigate how we will
live & work on Mars

O e Six-person crew

Six rotations June-Aug
FMARS April 2001, Devon Island 2001




 Hab design

e Daily life schedules &
procedures

e Communication
protocols

] Wardroom

B N

(e




! |f'

|

I

1

‘L.

“It’ s like a mixture of “We found another lake...that
breccia and algae nodules...” has microbial mats..”




Fidelity Characteristics Qﬁ?

e Inherent high-fidelity

(e.g., authentic work to be
performed and time
constraints on being
outdoors)

Imposed experimental
(e.g., wearing realistic

gloves and coordinating
with off-site investigators)




Domain Analysis: -
Stages in a Traverse

e Planning the activity
* Organizing at start (e.g.,
gathering at the ATVs)

Launching into the
activity (e.g., leader
departs, others follow)

Punctuated events (e.g.,
full stops)
Regrouping (bringing the

Robotic assistants will need to group back together)

understand the context, how Ending the activity
work flows develop in practice Following-up (action
items)
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Time lapse 3 hrs
(11am-2pm)

3600 frames

Movement between
ATVs & shared tents

Corresponds to two
floors of habitat

Shows effect of
schedule changes on

resources (ATVs)
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FMARS Computing
Research Toics

Computing &
Communication

Infrastructure
(hab-rover-suit, telemetry,
satellites, ...)

Scientific instruments
(deploy, maintain,
reprogram, ...)

Automation
(scheduling, life support,
robots, mobile agents, ...)
Telescience, medicine,
instruction
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‘@. Mobile Exploration System

ATV - Mounted //&

Rugged Server gpg Crater Area Network - CAN

1
@ @ Short Range

'RF-LAN
Mobile Explorers Base Camp

‘Digital Camera J Handheld D

‘Video Cameras Graphics
*Audio Headset Tablet
‘Notepad

Mission and Science Centers







Expedition Memory
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Telemetry Processing

Weather Store and analyze Share with local
station at data in Hab and remote
airstrip mission support




Crew Reporting Problem = %%

Interacting with “Devon
Support” involved 2 or more
people, about 2 hrs/day

< U R PNy
- - __adue

Full-time job to record &
format “captain’ s log”

Better for individuals to
audio log activities

Transcribe & format on
Earth (MCC)

What can be tracked
automatically?




Computer Use Survey

> 90% used a computer

About 60% browsed web, used e-
mail daily, and informed
colleagues or sought advice

1/3rd downloaded software! t = You are here-

> 50% learned to use new L g A
] e Y : L
software!

75% watched a full DVD movie

64% used a digital camera
(137 photos avg.) & most of

these e-mailed photos Computers & Internet access

were central to expedition life
(N=25, year 1999)

4 people used computer outside
or in personal tent




How the Internet Affects
Field Science

“You might want to read John
Spray’ s e-mail...”
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Hypotheses -
Under Investigation =5




Hypotheses
Under Investigation

Living on Mars will change scientific practice, physically
constraining how the work is done and how analysis
and publicationsare cqoordinated.
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Hypotheses

& Under Investigation

Observing scientists at work — before deciding what to
build — can improve designs of facilities and tools.

Draw directly on camera LCD
& link to a map database image
stored in the camera




Hypotheses
Under Investigation

An important use of computers will be life support automation
and mediating communication with Earth.




Hypotheses
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Under Investigation =58

Mission Control must learn about human activities on Mars
and adjust its support role as surface practices develop.

',\w




For more information...

National Geographic
(July 99)

WJClancey.home.att.net

Visualizing Practical
Knowledge (1998)

Human Exploration
Ethnography (1999)

www.MarsSociety.org

Mars Society Meeting (@
Stanford, August 2001
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William J. Clancey
Chief Scientist, Human-Centered Computing
Intelligent Systems Division

NASA Ames Research Center






& Surprise #1: Textbook Method

N
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“...don’ t say let’ s RAT here to reveal this and let’ s
RAT here to reveal that, let’ s talk it through in terms
of the specific scientific hypotheses that we’ re trying to
test.”



T
@ Surprlse #2: Rover as Hero

i e e e T i e e

PRESS RELEASES 2004 News Releases

SPOTLIGHT FEATURES Spirit Lands on Mars and Sends Postcards

PROFILES January 4, 2004

E-NEWSLETTER A traveling robotic geologist from NASA has landed on Mars
and returned stunning images of the area around its landing site

JPL ANNUAL REPORTS in Gusev Crater.

EMPLOYEE NEWSPAPER Mars Exploration Rover Spirit successfully sent a radio signal
S RECEIh DD T after the spacecraft had bounced and rolled for several minutes

R e following its initial impact at 11:35 p.m. EST (8:35 p.m. Pacific
MEDIA CONTACTS Standard Time) on January 3.

Mosaic image taken by the
navigation camera on the Mars
MEDIA VISITS “This is a big night for NASA," said NASA Administrator Sean  Exploration Rover Spirit.
IMAGES/MULTIMEDIA CONTACT Ob.(eefe. Wer;a back. | am very, very proud of this team, and Related Links:
we're on Mars. + Spirit's First Images from

“The first ever robot field geologist on Mars...”



Surprise #3: Analyzing a Planet
with a Microscope

(FRTETTRUTI FOSTINTE R TATeRIA T

150 scientists & engineers have investigated
100m?2for over 2 years, with 1 robot (Spirit)



. A New Practice of Field Science:
: Communal, Deliberative, Public, Virtual




& Types of Scientific Exploration

Type Setting Domains Tools Scale
Voyages of Extreme geography, Hand 10s - 100s
Discovery bio, anthro
Laboratory In a building | bio, chem, Lab Few
Science physics
Field Isolated or bio, geology, |Hand One - few
Science Mundane social
Modern Base camp; archaeology, |Hand + Lab Few - 10s
Expedition usually geo, bio,

extreme robotics
Big Science | Isolated site | physics, Huge 100s - 1000s
astro, ocean | machines
Planetary Extreme astro, geo, Robotic 1000s
Missions bio, physics spacecraft+




TIME

Same Different

Different

khod-2 Cassini/Huygens

Luno



“The whole idea behind MER is that these tools work
together. Look at the silica discovery. The mobility system,
which we use as a soil physical processes tool, trenches up
some soil. We notice 1t with Pancam, we hit with mini-TES;
it looks interesting, and we go over and we figure out what
it’ s made of with APXS. Everything works together.”

Steve Squyres, Interview



s=FHE FIRST PHOTOGRAPHER ON THE RED PLANET

JIM BELL

POSTCARDS FROM-

MARS

2y Two Boots on the Ground...

“I put myself out there in the
scene, the rover, with two boots
on the ground, trying to figure
out where to go and what to do,
how to make that what we’ re
observing with the instruments.
By and large, day in day out, it
was always the perspective of
being on the surface and trying
to draw in your own field
experience in places that might
be similar—how you’ d detect a
landscape and interrogate it as
much as you could.”

Jim Rice, MER Scientist, 2006



“We’ re on Mars!”
First Person Perspective

Seeing & Direct Manipulation

“We realized we had landed in a crater, probably Eagle Crater, and that’ s where we
were. And then we noticed, 800 meters away—which is more than our 600 meters, but
maybe we can make it—there’ s Endurance Crater. We' re talking about that, “My
god, wouldn’ t it be great to actually get there!”

Steve Squyres, MER PI, 2007



“We’' re on Mars!”
Second Person Perspective

“Partnership” — What You Do and What | Do

“I actually see the rover as an equal partner.... | have my limitations as a robot
planner—resources, my time to build a sequence, then time to do the analysis. If | had

all the resources in the world, | could ...build every little thing that | want the rover to
do—intricate sequencing—so that the rover doesn’ t have to think for itself. But
because of that limitation, I’ m forced to work in partnership with the robot.”

Ashitey Trebi-Ollennu, MER Rover Planner, 2007



“We’ re on Mars!”
Third Person Perspective

It: The Robotic Geologist...alone in Victoria Crater...

and also

Us: standing before Burns Cliff, observing the robotic
laboratory...



« “A Heroic Journey”
 Move together

« Collaboratively investigate
* Engineers operate vessel

« Survey and study lands
known to exist

« “Gathering data for the
ages’
* Opportunistic

« Don’t know what we're
missing




Is part of the allure of Mars its perceived
Innocence, its pure and unspoiled nature, away
from the complexity of Earth?

A Romantic Ideal: “...of a peaceful, prosperous
and boundless future through the study,

exploration and development of Space
for the benefit of all humanity.”

ISU Mission Statement



Hodges, Overview of Tahiti, 1775



“And insofar as we travel in search of beauty,
works of art may in small ways start to influence
where we would like to travel to.”

Alain De Botton, The Art of Travel



Our marks on another planet —

The embodiment of human curiosity & probing...
our physical & intellectual reach...
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