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Establishing a Common
Viewpoint
* Align internal representations of shared

domain

* Mediate by multiple representations of
domain of activity

* Shared external representation does not
guarantee common viewpoint



Context Dependent

Physical context

History of the activity
Representational system
Design of task environment

Coordinating representation
— Shared external representation

— Mediates the alignment of individual
representations of collaborative activities



Computer-Mediated Cooperation

Groupware system supports groups of people
engaged in a common task (or goal)

— Provide an interface to shared environments

— Facilitate communication, coordination, and
collaboration of group effort

All of interaction data available
Groupware provides representational system
Same time/ Different Place



Basic Methodology
(As cognitive engineering task)

Assume history of collaboration within community:

1. Base system includes only general purpose coordination
methods (whiteboard, chat)

—  Sometimes this is enough
2. Otherwise, analyze interaction

3. Rebuild systems using coordinating representations



Tools

Analysis

Al



Rest of Talk

e Analysis
— Tools and methods (Alex Feinman)
e New Domains

— Groupware construction toolkit
(Seth Landsman)

e Al

— Intent Inference (Josh Introne)



Analysis & Tools



Talk & Action

Misaligned individual representations lead to
problems of coordination

Cooperating actors require communication to
coordinate

Difticulty at coordination and the amount of talk
in coordinating a joint behavior are directly related

Talk produces structure that organizes activity



Analysis: Coordination Work

 Analyze coordination work as it reflected in
discourse of participants

— Recurrent patterns of coordination

— Repeated errors or trouble spots in coordination

— Development of organizational structure



Adjacency pairs for close
coordination

. Cranel: sub lift

Crane2: LL

) Info Planning { Chat H Score || Weather H Markers H Legend H Done
.
Cranez. k | Message H\story

Cranez: Sub load V M rrentcond\ticns: calm

R

Infermation gathered: S
me: waste Predictions : calm
Size: smal\
I . % I Leak Rate: not leakin &)
. ug 1 . the neXt needs May raqu\ra special equmment to transport, 5 N
Location: 471 2 Status: Connected

crane2: Ok, let’s find some waste!

.
nothln YOU: You're too enthusiastic
YOU: I'm going to take this waste to the large barge
tug1: what waste?
YOU: It's right near ma.

. tug1: | haven‘t identified it yet!
rane . br ¥OU: Oh, right.

Crane?2: ok, then XLD right? T
. Show Communication History
Crane2: sub Lift :

. Tugl: yep
Lift waste
‘.“' ot te to (459 74)
10. Cranel: k g

© % N o

Submit | Home

Carry waste to (383 124)

11. Crane2: sub load TR,
12. Cranel: k o

13. Crane2: sub sep
14. Cranel: sep

Add Marker H Delete Marksr | vl Chart [v Zones (v Markers [w| Trace [v] Labels [ Zoom




Evaluation

 Compare groups with/without Coordinating Representations
 Training + 10 hours of problem-solving

e 3 groups without & 3 groups with CR’s

" 49% improvement in clock time

" 38% reduction in the number of events generated

" 57% reduction in the amount of electronic chatting
" 61% reduction in total errors

* The high-level planning CR was not used



Analysis: Referential Structure

Discourse analysis techniques for examining
cognitive load of communication

Track referential structure
— Plans, domain objects

Measure cognitive load using features like
duration of relevance and frequency of reference

Cognitively model as working memory and
reading/writing plans



Data Summary

Iota Type |% seen  Refs Lifespan Density
Plan 57% 34 120 28.5%
Waste 17% 6.6 1687 39%
Repair 8% 3.0 48 62.5%
Location 8% 2.6 626 42%
Barge 1% 119 2940 4.0%
Vessel 4% 3.1 1836 1.7%
Convention 2% 55 1095 50%

Plan iotas have short lifespan, high density

Waste 1otas have long lifespan, low density
Locations have moderate lifespan, low density
Repairs have very short lifespan, very high density



Segment Mame: unsorted

D unsarted {(spans: G:06:00, 14 lines)

Q ] Coord Rep negotiations {spans: 30129, & lines)
D CL negaotiation part 1 {spans: $:00:430, 3 lines)

D maore ol negotiation {spans: 3:0L1:50, 3 lines)

D search first ar grab as we go? (spans: 0:00:47, 4 lines)

Split segment

Delete

Move Lines

| Delete Lines

Select All Lines |

Timestamp | Line | Tag | Actor Message |

976390086756 1 -naone- cranez |yes, connected :-)

976990087891 2 -nane- cranel |yay you

76390162863 3 -naone- cranez |ok, cranel and i should go and pick up the xlarge, with crane. .

Q75990173121 4 -none- cranez |the tug nees to put the barge under us

76990134496 5 -naone- cranel |where is the xlagrger see ref problem

Q75090321260 1a -none- cranez |where are you, cranel? self-repaorting

976590336939 19 -nane- cranel near w3 answer to 18

976990330822 20 -none- crane? |mowe down towl

976990346295 21 -nane- cranel |why?

976590354957 22 -nane- cranel |i am waiting for tug to D w3

Q75990357693 23 -none- cranez we need to mvoe it together, cause it's a xlarge see training se | Zones | | Labels | | Chart |

976590362342 24 -nane- cranel |wait on that Sat Dec 16 13:07:25 EST 2000

Q75990373640 25 -none- cranez |but what else would i be doing?

976990447101 30 -none- cranel ok, thanks £ .-‘-r". . =|=i=)
Current time 976330487362 Sat Dec 16 13:14:47 EST 2000
Current round|s 135
L :_= 1
| start | = || step = || stop [] || step = || play -= || ff ==

Go to bookmark || v|| Add bookmark ...

3

Go ||Gmn Round v"s

Session fhomefafeinman/Research/ExperimentData, f97693004562 1/ lag.xml
Time Sat Dec 16 13:07:25 EST 2000

L = cranel Status VCC_GOTO_ROUND
x| Sho =8 Event World Event
Name:|zndry struct [BGi{Blue FG:white [ Domain Time Elapsed5416ms since last event,
Add Tag | HETNETE VEE | Open Chooser || Open Annotations || Open Window View
(All Tags |
Tag [ Descripticn Quit
Flanning participants are planning
Entry-C entry-coordination (e.q., "ready to lift?") >at Dec 16 13:07:25 EST 2000
Exit-C exit-coordination {e.g., "ok, unjoin now™ ol o = A=) -
Cadence-C  |cadence-coordination (1", "lift now", etc.) Mame |Location| Size |Equipm...| Action [ Leak | MNotes |author|
social talk (not about V&) iy 1 283 ¥large Dredge |Located |Motleaki.. --empt.. [tugl |&|
Reference megatiating a joint reference iy S E Vi Medium Dredge |Located Mot Leaki... --empt... cranel
megatiating/establishing a convention shrgl 375 296 | zmall Maone Located Mot Leaki... --empt... [tugl
VW errar - they dropped a waste shrgz 73 443 small Maone Located Mot Leaki... --empt... [tugl
iy 2 114 1594 |Large Mone Located |Mot Leaki... |--empt... [tugl
Load Tag Library || Save Tag Library i 90239 |small Met Located |Mot Leaki... |-—empt... [tugl [
Sat Dec 16 13:07:25% EST 2000




Analyz

Iota name

ing Reterential Structure
of Discourse

Timeline for iota

Iota details

Utterance mentioning this iota
(here, a proposal for a plan involving IOTA-97

Plans have short lifespan, very high density

Wastes have long lifespan, short density



Visualizing the Data, cont.
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e Scatter plot
— Reveals clustering by types of iotas
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New Domains &
Groupware Construction Kit



Group Homework Tool
(work with Tim Hickey)

0006

r Working with kyoko i

Peer-to-peer chat

Cooperative Homework
Problem: Facedemo

I

The goal of this homework 1s to write an
applet that looks similar (but not necessarily
dentical) the following:

address: http://tat.cs.brandeis.edu:8090 /aut0;
. Y .
| <= | ——>

maria: What do you want to do first? m
maria: 0K, I'll work on the "clear” procedure .
v
>
i H

{define lib (jlib.JLIB.Lload))
(define ¢ (canvas 498 4883)
{define t (maketagger))

; This is the main window containing the canvas

({define win (window "Demo"
(border
(center c)
(south
(row 'none '"north
(button "Draw Circle” Caction (lambe
(button "Clear" (action (lombda (e)

233

{define (clear z)
.1 here we clear the off-screen buffer
({define
(.setColor g 2) i+ background color
(.fillRect g @ @ 1000 1000)

N
—

=
&

Iale

upload ¥ ,r eval \( sync ),r highlighr?

M=
E

T s
i ’ My Browser ‘

Help Page

® Major Graphics Drawing functions
® JLIB -- a high-level interface 1o the Ja
e Sample Code

Graphics Drawing functions

You will need to use the following methods fro

(.drawOval g x1 y1 w h)

(.fillOval g x1 y1 w h) i
(.drawArc g x1 y1 w h angl ang2) -

address: 30/autd2 /ght/applets/facedemohelp.ht
¥ e ™ e
— L




Groupware Construction Toolkit:
THYME

* Component-oriented architecture for construction
groupware applications
— Shared Whiteboard
— Chat Room

— Shared Browser

* Semi-automatically provides analysis capabilities
— Transcript

— Replay tool



HCI Class Project

Every group used THYME and completed a project

— Amount of code that had to be written by the the developers was

minimal

— Students given about a month to build groupware system
Several outstanding projects (all of these are functional)

— Online Research Assistant

— Online discussion tool.

— Crossword Puzzle

— Dominos

— Resident Assistant Scheduler

— Counterstrike Strategy

— Multiplayer strategy game



Online Research Assistant
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Online Discussion Tool

) O © admin@ReferenceRouterDataChannelld(node-1042040794456-1414414871984502784-1:12001@ReferenceRouterMetaChannelld(1(

i i - Y
seth: Question 6c? [ Submit Topic
admin: Question 77
admin: Extra credit 17

Select Topic

Current Topic: Question 3a?

NOTIFICATION: successfully joined. m
[MOTIFICATION: seth has joined.
|admin: hi. who has a question about the exam?
admin: Most people had problems on question 7 and the extra cre
ldit, so I'd like to talk about those, too.

admin: Let's start with 3a

| New Topic: Question 3a? 1
vseth: I thought I got question 3 right. I had c. why is b the,

Fi h "

! ¢ Send—9

iseth Has Control
[ " I —
Quit ) [ Chooser

. F i AW - W
(: line ) rectangle free drawing clear




|

Crossword

a7 bt 59
] 61 62
k] ) 55

ferenceRouterDataChannelClignt)

Across

1:
G

23

10
14:
15:
18:
1r:
15:
18:
200

Shingle words

It has cold walls {var.)
Weighbar of Yemen
Word before cannon
Insiders, with "the"

"Fat chance"

Phone attachment?

A throw

Manage

s del 5ol

Like Santa in ecstasy?

Down

L L= I =N L

a:
10
11

- To boot

- Roger Rakhit, e.g.

- ¥ahoo

- Junior college award

Arm

. Start of a Tony Bennett title
- Drag
- Lomond or Ness

Cry from above
: Provided
s nvaders of Spain

1]

NOTIFICATION: successfully joined.




Dominos

B ) M seth@ReferenceRouterDataChannelid(node-1041889993R876-6779086085214676992-1:12001@ReferenceRouterMetaChannelld(192.168.42.80:11000 1

File WView Help

[ Automatic

|Il is Foe's turn.

' Horizontal

i Verticzl

Draw from Boneyar

Help

D Confim Mowvez

HERENOTIFTICATION
seth: I'm lesing

FEPPNOTIFICATION:
FEEENOTIFICATION:
FEFENDOTIFICATION:
TETPNOTIFICATION:
FERENOTIFICATION:
FEFENOTIFICATION :
TP NOTIFICATION
FERENOTIFICATION:

successfully joined.
seth has joined.

foo has joined.

The host just storted the game.

The room is now clesed to new entry.
IT IS5 WOW fou'S TURN.

IT IS MOW seth'S TURN.

¢ IT IS5 NOW foo'S TURN

badly.

seth iz currently hosting thic gome room.

[ ] Would you like to play teams?

':} Team 1 {:} Team 2 {::' Team 3

Team | Tiles | Turn

. foo 5 st

Eick Playe rI M



Counterstrike Strategy

Cuylemef } - &l.:lf._j:-!, let’s b‘:g;.h

Places symbol




I'm Here!

RA Scheduler

==X

NN

KN KN R
BTN RS

I I I 5
T - T T 1

Mame
z 1 natalie
1 1 firaz
3 0 kevin
1 o] ben

Offer Trade

natalie: cops

kevin: Hey guys...l totally forgot, | cant do duty on the 7th

natalie: I'll switch you the 7th for the 21st

kevin: ok...thanks natalie

natalie: no prablem :-)

kevin: | will set up the trade now

MOTIFICATION: The proposed trade between kevin and natalie has been rejected by natalie

kevin: ;=) |will do it again....dant mess up this time
natalie: ok, sarry

MOTIFICATION: The proposed trade between kevin and natalie has been accepted by natalie - kevin now has Aug 21, and nat

|»

L]

Send

Quit

Chooser




Multiplayer Strategy Game

aDace

8ece OGRE GAME ROOM -- obscure —- Dungeon Master
obscure: '
obscure: The Dice has spoken, Sedatiko goes
joe: HEHEHEHEEE.. ..
joe: oops
[Attack request: Sedatiko wishes to say
"SHIIINEE!" to Seymore]
kevin: ya right
-~
L =
&
v
Jroll 1d20+2] € ot
Mame: Sedatiko Damage: 2d7+2 Status Rounds left
Attack Bonus: 2 Hit Point: 25/25
Initiative: 3 Armor Class: 5
Quit File spells ) {1 NPC _\ “ Next Help Chooser

%




# of Projects that Moditied
Components

* Implemented New Components: 2
e Extended Components: 2
 Modified Shared Whiteboard: 3
 Modified Chat room: 2

e Hijacked Chat room: 2

e Used supplied components: 4




Al & Intent Inference



Adaptive Capability

e Groupware supports user efforts to stay
coordinated
— Design Time
— Runtime adaptations

e Coordination requires the users infer one another’s
intentions

e Make this easier by automatically inferring intent,
and providing this information to users



CoWare 1n action

e System provides a set of (up to 3, in this example)

guesses about the intentions of each actor

e QGuesses are sorted by confidence; only guesses with a
confidence higher than the minimum are shown

TUG CRANE1 CRANE?2 [ CONFIDENCE
[ - ¥ - T
CONFIRMED INTENTIONS
[ o oFrowr P U oFTLwt ] b 469,
[ | | |
\ | | | o

SYSTEM GUESSES




CoWare 1n action

e The user clicks on a guess to confirm it as a
correct intention.

TUG CRANE1 CRANE2 CONFIDENCE

SEARCH NE F J. LIFT LWH1 -

[ATTACH TUGT ] LIFT SW2

= W




CoWare 1n action

The confirmed guess 1s moved 1nto the
“Confirmed Intention” field for that actor.

Plan that satisfies the intention 1s generated
automatically for the user.

[ TUG CRANE1 CRANE?2 ] [ CONFIDENCE ]l
U e MourtWa [ - ™=
CONFIRMED INTENTIONS
[ | | N ERZE AL
( ) | o J
: | j " .
SYSTEM GUESSES




Approach

Users communicate to stay coordinated

Coordinating representations support this
kind of communication

Coordinating representations add structure

Structured representations reduce Al
problem 1n recognizing intent



Coordinating Representations

— It 1s work the user wants to do.
— It 1s work that directly benefits the user on the
current problem.

— It 1s work that 1s readily convertible into system
adaptation.



2. Actions a
posted as
“evidence”
underlying |
Belief Netw

3. Al
pairs
likeli
obtai

Prediction Process

CHAT INFORMATION

1. User actions are collected

USER I
OBJECT LIST INFORMATION
INTERACTION .
WiTH e automatically by the system.
VESSELWORLD

re
to the

Bayesian
ork

ned.

| possible agent / intention
are evaluated and
hood estimates are

Domain
Knowledge

HAS
EQUIPMENT

NEEDS
EQUIPMENT

‘ EQUIPMENT '

DOMAIN
PREDICTION
OVERALL
PREDICTION

OTHER OTHER
ME CLOSE % CLOSE HEADING
ME OTHER
APPROACH APPROACH

Prediction Liklihood
CRANE1 LIFT SW2 96
CRANE2 LIFT SW2 23

TUG LIFT SW2 00
CRANE1 J. LIFT LWA1 84
82
0.0
.32

RECENT ‘
REFERENCE
REFERENCE
PREDICTION

NEEDS
HELP(SIZE)

CRANE2 J._ LIFT LW1
TUG J. LIFT LW1
CRANE1 LIFT MW4

| ol Rl Bt Hd R0



Results

Data presented for one group, spanning 7 sessions,
and 7.7 hours of play time.

Min Conf. Rate 1 Guess |2 Guess 3 Guess

N

S B

S

T 49.76%

Accuracy 6946% 8079% 9192%




Discussion

* Results are in general good, and excellent where
three goals are allowed 1n a single prediction.

* Less than perfect coverage i1s due to inaccurate use
of the Object List (mislabelled wastes).

However

e Hand tuning parameters is a time consuming
and imprecise endeavor.



Tuning BN parameters

e Batch Learning

— Gi1ven a set of positive and negative examples,
automatically derive better estimates for the probability
parameters (Conditional Probability Tables) in the
network.

— Several approaches exist. (We’ve implemented two.)

— Experimental results show batch learning does better
than hand tuning

* On-line Learning (working on)
— Advantage 1s access to user feedback

— Adjust CPTs over time to match changing properties in
the world.

— Cutting edge, but several avenues of approach given
appropriate algorithms.



Batch Learning: Results

Min 1 Guess |2 Guess 3 Guess
Rate
Contf.
Coverage [ 94.93% |97.83% 98.55%
0 100%
Accuracy | 58.62% | 74.83% 81.02%
Coverage [94.93% |97.83% 98.55%
BEST n/a
Accuracy | 79.16% | 88.98% 93.41%

e “Best” confidence 1s the lowest confidence that preserves

maximal coverage and produces the best accuracy.

* Varies between case files after adaptation.




Summary

Common Viewpoint

— Context dependent

— Coordinating Representations
Analysis

— Tools and methods (Alex Feinman)
New Domains

— Groupware construction toolkit
(Seth Landsman)

Al

— Intent Inference (Josh Introne)



Expected Final Products

Theoretical model of joint sensemaking

Cognitive model of online same time/different
place communication

Methodology for cognitively engineering
computer-mediated collaborations

Taxonomy of coordinating representations
Groupware construction toolkit

Analysis and Visualization tools

Modular adaptive learning engine

Formal analysis of VesselWorld Domain



Experiments Completed

Utility of CR’s
Visible VesselWorld
Experiment with Belief Nets

Experiment with batch learning and Beliet
Nets

Collected data from HCI Class using
THYME



Experiments Planned

Experienced programmers using THYME

Verity cognitive model of reading/writing
plans

Verity analysis based on referential
structure

Verity utility of CoWare component
Test online learning algorithms
Mixed human/agent cooperation



Planned Publications

A Common Viewpoint

Using Referential Structure to Model Interaction
A Cognitive Approach to Designing Groupware
Analyzing Usage of Groupware

Building Groupware on THYME
User Guided Model for Intent Inference

CoWare: Supporting Intent Awareness 1n
Groupware



