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Abstract procesdhe tool is designed to suppored@ion4 offersa
Technology has enabled megallaboration on an detailed discussion of tool design considerations.
unprecedented scalA.toolis needed to coordinateese
activities and linkthem togovernment response effarts 2. The MegaCollaboration Model Emerges
However, in definingand responding toproblems,
teammates need to be able to visuakza c h ot h e r decent years have seen the growth of two divergent
mental modelsThe tool must encourage the team to ~ empowerment modefsr confrontingdisasers and other

advance prompﬂythrough t ea mmrmiﬁg, norming, societal challengeé’he firstis a tomown,singlechain
storming, and performing Finally, it must help of-command model, exemplified in the United States by
individual teamsvisualize efficiently thefibig pictured the National Incident Management System (NIMS.) The
using agents toenhancethe process The usability of second is a bottorap, communitybased collaboration
prototypemegacollaboration interface has been tested, model, empoweredby information ad communication
the second generation interface is being implemented, technology themegacollaboration model[18]
and a novel agerbased interface is being planned. While Congress mandated NIM@se for disaster
] o response in 200220], megacollaboration has grown
Keyword® Computer-mediated communication rapidly. Hastily formed networksHFNS) coordinating
data grid, disaster recovery,human-computer immense humanitarian responseserev in evidence
interaction, mental models treemap following the World Trade Center attack, the Indian
. Ocean tsunami, the Pakistani earthquale Hurricane
1. Introduction Katrina [5] The monthsafterKat ri nadés | andf

) massive flow of information through hundreds of
Megacollaboration denotes the emergence of vast thousands of blogs, listbotsand bulletin boards,

numbers of ordinary citizens, empowered by information soliciting resources from donoend channeling thero

and communications technologhCT), coming together victims. [17]
to tackle tpugh, c_omplex prolmtes. Although this kind of Unfortunately, these two modefgave not worked
collaborative project forsito confront any largscale well together. vergent empowermeniodels resulin

problem the phenomenon is most dramatically manifest  givergent organizational cultures, methods, and
in disaster response. A specification of a tool to support 4 tcomes. During Hurricane Katrina, the mega

megacollaborationwas outlined in 2006[17] A major collaboration model succeeded where the NIMS model
goal was to er_wable the coordination of citizgaenerated had failed.[17] NIMS functioned poorly in situations
information with that of the formal response eff¢20] with many victims or volunteer$20] Neither model is
The main idea behind the designthata response necessarily sufficient to provide complete disaster
effort can be divided among dynamicafigrmed sub recovery, butwith no easy way to pull togethére top-
teams with the aid of webased software agent Each down and thebottomup activities, their combination

subteam can develop its own model to define its part of may addo the chaos instead of reducing it.
the problem. Sulbeam representatives can then

consolidate these models in agéatilitated compare 3. Dynamics of Mega-Collaboration

mergesessionsthusenablinglarge teams to agree on a

problem definition and coordinagffective action. The A support tool coulchelp to coordinate these two

information  developed by this method can be  approachesTo develop however,a device that can

dynamically organized into sharedknowledge bas¢o visualiz theseactivitiesthrough of a user interfacee

linkt he pub lcollaborationme ba gover nmat fist understand the dynamics of mega

commaneandcontrolstructures collaboration and the cognitive processes involved in it.
HCI visualization techniques must suppfydntend

processesyhile agentssupportbackendprocessesThis 3.1.Emergent Goals

paper examines prototype interfacasd the role of

agents. The next sectiodiscussesthe emergence of In a topdown organizational structure, the head

megacollaborationand whya support tool isneeded. decideson a goaland initiates afic hai n o f c O mr

Section 3 examinesthe functional dyamics of the that can be many layers deefd14] The mega



collaboration model, however, empowers people through
a bottomup process. The power to act is spontaneously
generated by groups of people wiogk together. Both
top-down and bottomup methods are based on shared
goals. However,for top-down methods the goal is
elaborated from the vision dhe head for bottomup
models,it emergedrom the visions of many peopl&o
understandhow to supportthe bottoraup process we
need a clear picture of how bottomp organization
happensviewedfrom individual and group perspectire

3.2. Mental Modeling

Although megacollaboration impliesa massiveset
of players in lhe conversation spacthe interface must
support each player individually; it must support
problemsolving at the individual level by facilitating
mental modeling.

An individual encountering a problemttemps to
understand it byforming a mental modebf its salient
aspects The individual 1) builds a system of
amalogie® a descriptionof subjectiveentities and the
relationsamongthemand 2)uses the modelto imagine
alternative courses of actignto assessthe imagned
outcomes of eaghandto select thebestone [4] Expert
modelers break large problems into #era pieces,
developng models of each. This allows them to move
between the dvels of the decomposed problem,
developingeach model based on experiencéhvother
parts of the problem.

Expert modelers increasleeir cognitive capacityoy
breaking informabn into chunks, which reduces Itsad
on working memory. They anchor aspects of their mental
models as external visualizations, since comparing
mental imagesnd externalfigures lets themdetermine
whether items are missingor have been mistakenly
included [4] To support megaollaboration, the tool
should first support the visualization of this mental
modeling process.

3.3. Teaming

Even thoughmegacollaborationrefers toa massive
set of players decisionmaking teams must be much
smallerto bringdiscussions t@ clo®. Unfortunately as
the Katrina response revealed, it is one thing to be a
group of individuals and another to be a tearhe
process of spontaneously forming bottam teams
becomesdncreasinglydifficult as the conversation space
widers. Cultural barriers can make éspeciallyhard
[11][21] Denning[5] predics they will be a persistent
problemfor the HFNstackling a disasterTherefore, the
tool must supporgroup problemsolving by facilitating
the spontaneousformation of small teans and the
negotiation ofteam activities This is a process with
particularvisualization needs.

The bottoraup emergence ofeamwork across the
Internet can be illustrated by the wageople form
spontaneous teams in massively multiplaydinenrole
playing games (MMORP¥ Rauterberg[22] studied

this, detailing levels of interactioni mi | ar t o Tuc
classic observations on team developmi@&.

When encountering a dangerous situatioan
i ndi v icautsa of Gcionis usually motivated by
survivaland a desiréo help others[10][15] This causs
the individual to reach out to others to obtain or give
information, thus arriving at the first level of interaction,
which Rauterberg [22] calls informing As the
individuals exchange information, they stumake a
tradeoff between entering into competition or
collaboration [22] Although competition may be a
common choice in a MMORPG, in a real emergency
collaboration istypical, though competition doesccur
during mass panig [10][15] Onceindividualschooseto
collaborag, they achievethe next level of interactign
coalition, in whichthey agreeo support each otherfhis
stage s f & e mifin gof tipeheans[28]0

As theteammategiet acquainted and begin to work
out their relationship, they rela the next level of
interaction,coordination in which they shae resources,
but still lack common goalsAt this stagehe purpose of
the team is relatively undefingdl1][22] and cultural
differencescanbe an issuelf teammatedave different
expecttions, they will have to negotiate commomgnd
or the team will disintegrate [2] A support toal
however,can help at this stagé-or exampleEss and
Sudweeks[8] and Hewling[11] describe howonline
teammatedrom different cultures engage in an onypi

process of negotiation to ge
constructedromt he partici pantsé onl

Based upon the forming of
teamds agreement on both its

goals leads to the next level oftenaction, called
collaborating At this level, the participants have
collectively attainedhe same goaldut have different
roles, which areindividualy assessed[22] The team
passes through two stages of developmémgause
collaboration may be advesarial or cooperative,
depending on whether the participants are attempting to
maximize individuabr groupoutcomes[13]

The first i s an often tur
identified by Tuckmarj28], in which the team members
are in adversarial mode asthargue their way through
defining teamrules and roles. [1However,to achieve
efficiency, the individuals must develop skill at
harnessing each otherés
at hand [13] To do this, ndividuak need awareness
[7]16 an understnding of the activities of others, which
provides a ¢ on tadivity. Coftioually o n e 6 !
updated awarenessts teammates move easibetween
close to loose collaboratiasthe situation demandf7]

A shared team plan &sorequired, translatmthe goals,

roles, and awareness into a set of behavioral norms that
governs the momeiity-moment operations of the team

[13] As the team worksout its issues, it enters the

second fin o r mi n g [2§}, hira whecld competition

turns into cooperation, asles, roles, and responsibilities

are under st ood,siorammaking précess t e a n
is agreedn. [1]

expe



Once the team becomes proficient at its roles and
processes, it moves to the next level of interaction,
cooperating in which participants subordinateheir
individual interests and goals, and work together to reach
a common goal, withdecisions carried out together
Her e, at what Tuckman
[28], the members are a fully functioning team, with the
ability to constructivelycriticize each other and work
through conflicts[l]] One si gn of this
willingness to switch roles.

3.4. ScalingUp

To move to the next level of functionaljtyirtual
teamsforming separatelyhave to be able to find each
other in cyberspaceCrisis situations make this harder
Peoplemay lack the time needed to search the Wl
other forming teams. However, the tool coyldrform
this function by using autonomoussoftware agentsto
monitor theemergingconversation spaaen the Web for
similarities.Each human team could spawn an agent that
detectedthe formation of other human teams, analyzed
thar developing model and formed agent teams with
the agents of teanthat hadsimilar models[23] Agents
could then monitor for synergistic or detental
interactions between sttbams and alert their members
of the need to coordinate

4. Implications for t he Interface

We have developedraegacollaboraton prototype
written in AJAX, PHP, andMlySQL [16] with which to
examinetheimplicationsof callaborationdynamics.

4.1. The Mental Modeling Interface

The information in a developing mental model must
be viewed in a number of different contexts, each a type
of hierarchy. Together, these individual hierarchies form
a complex network. The objeotiented paradigm3]
offers a couple of clear advantages as a method to
support visualization of this network. First, the paradigm
was designed with exactly this problem in mind.
Second, it will be easier to interface the resulting mental
models with othersoftware tools if the underlying
paradigm of both is the same.

Therefore, we can assume that the model
visualization interface will need to descrildg the parts
of a decomposed entity (its class structugy)specific
instances of t lategoriesn(itsiobjsctd s
structure) 3) the relations among the physical
components of the entity (its modwéructure) and 4)
the relatios among the dynamic components o th
entity (its process structyre

More specifically, lhe items of informabn thatneed
to be defined arel) the domain in whichnentity exists,

2) the goals of theentity, 3) the tasks necessary to
achieve tle goals, 4) roles and their task assignments,
and 5) the team players who will fill those roles.

The class structure of thesta including relatiors
between subtasksmust be representedThese are
decomposition level, sequence, selection, and iterdtion
is necessary to follow thprocessflow of work objects
as they pass through the domain from role to role, and

c a |l Ilfrem taskbeask [2q] €ypek of vanaiblesdghat mighangex 0

to be recorded include function, structure,
dimensionality, degree of certainty, temporal reference,
degree tothgenerality,ndegree fdclosure, and degree of
guantification [5] Most coordination requise cross
comparison, so the support of matrix views wik
important.A longerterm goalwill be giving the team the
ability to define its own data input and data output
widgets

The interface of ouprototype currently addresses
the requirements of mental modblilding with an
expanding entry form(Fig. 1) to help the modeler
maintain a visualization of théierarchical submodels
The entry formletsthe modeler give each entity a name
and a text description. It algmermitsthe addition of
unstructured listef attributes to each entity, amtisures

List the first role that must be filled in order to
complete this task.

Name and brief description.

Event1 Goal1 Task1 Role1
Name driver

Description

bring materials

Update role Delete role

Figure 1 Expanding Form 7 Currently in Use

the modeler defirethe reldions among the entities.
However, the current entry form is simplistic compared
to the specifications listed above. Not surprisinglizen
we conducted usability testinghe test partipants
struggled withf.

The prototype also provides @#eemap(Fig. 2) to
visualize the moddby showing the entities at each level,
and enabling the modeler to click up and down the
hierarchy. However, tke prototyp® sreemapdoes not
perform chunking by visually representing both the
divisions and the recursive subdivisions of each
category. [12][27] As a result, itis more memory
intensive forour test participantthanwe had hoped.

9 G\t hhvE Icond cted testing on 23 participants to
date and our conclsion is that data tree and data grid
methods of entry will solve both problems. In particular,
a data tree (Fig3) will allow more flexibility in
describing the hierarchy, because icoas lbe used to
denote different types of entitieBhe examplellustrates
themodelof a test participanshowing how much easier
it is to see discrepancies.



Drill Down

Robinson Sl Gather
3N Materials
For Job

Deliver
Materials

Jones House

Start Construction Work

Figure 2 Tree Map 1 Not Well Received

Figure 3 Data Tree i Under Development

The current prototype inerface supports the
negotiationprocesswith script windowsa chatwindow,
and a timed negotiatioprotocol The script encourages
Asmall amount of script e @actdarhntate RoCdevelbpnan individualt rfodeMér she
forming stage can jumstart teambuilding. [9] The problem, to compare this model with those of other
interface should provide sich a sciipt, encouragg the teammates, and to netipte consolidation of the models
teammates to create expl i ciidtoanémimadel. M de@inh then @dveldpshad adiicha M
developing cultureandshouldalso providea structured plan based on this consolidated mod&lkthough our

environment in which culral negotiation can take place usability tests havalentified a few shortcomings in this
andcommon ground can be established. protocol in particul ar, needio meet

4.1. TheTeaming Interface



