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Abstract

This paper reports on observations made during a military training planning exercise. The motivation for the
observations was to try and identify some of the cognitive processes in intense collaborative activities. This work
is part of a research project that is investigating how to provide higher levels of technological support for
collaborative activities. The examination of models that were built from these observations identified a cognitive
interface between the planning coordinators and their resources. This cognitive layer is present in the training
exercise but disappears in a bona fide planning operation. This paper identifies some of the processes that
disappear and introduces the concept of an orchestration service, which is a human computer interface that
could be used to replace some of the missing functionality.
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INTRODUCTION

This paper reports on a study that sought to ifleatignitive properties in intense, collaborativegp activities

to inform the design of new support mechanisriie (work reported in this paper has been fundepain by the
Cooperative Research Centre for Enterprise DigiibuSystems Technology (DSTC) through the Ausmalksederal
Government’'s CR@.It focuses on military planning in two settingsje is a training planning exercise and the
other looks at a bona fide planning environment $tudy is part of a research project (Vernik eR@0D3) that

is investigating ways to provide higher levels oftestrated technological support for these coliatidee group
activities.

The subject of the study was a group of between2BDmilitary personnel who assembled at speciaslyigned
premises in Queensland, Australia, to train intaniji planning processes, methods and procedurégpdecome
familiar with the conduct of an International joiatmed forces operation. The scenario for the ésewas a
fictitious country that had recently been devastatg a cyclone and the planners were required toseea
suitable approach to provide humanitarian aid aisdster relief. A “quick and dirty” ethnographic papach
(McCleverty 1997) was used where an observer jothedgroup of planners and recorded their actiwitieer a
period of four days. The Joint Military Appreciati®®rocess (JMAP) (Zhang et al. 2000) was useddaterthe
plan and it involved a structured approach thaluihed briefings from senior officers, a centralrpieng group
who coordinated the process and a large numbeoraponent groups who accessed raw data, procesaad it
presented it to the main planning group. A limdatiwith this approach is that, with so many pedplelved,
only snapshots of the activities could be takecréate models.

A summary of the observations revealed that vetig ltechnology was used in the planning processeftions
included creating slide show presentations, bujdinspreadsheet for coordinating resources andsiogedata
from a Lotus Notes database. Instead, face to ¢acemunication was the prevalent method of intemagcti
collaborating and mediating cognition. Resultshaf bbservations were used to create models thatiled how
interaction and collaboration featured in the plagrprocess. This highlighted the existence of gniove layer



in the planning model, which represented an interfaetween the planning coordinators and the csgtanal
resources. This interface was present in a traipilagning exercise but largely disappeared in aabfite
planning operation. This missing layer present®@portunity for a human computer interface, an esttation
service, to replace some of the missing cognitivetionality.

An orchestration service provides support and daatbn for the devices, services, information gadticipants
in a shared workspace. It is partly autonomic aadly interactive. For example, the service mayfgioh and
load required information automatically, but a uatso has the flexibility to request ad hoc dat.sk can
provide high level procedural guidance and low letzsk management. This means that the service can
coordinate goal oriented activities accordinglyatgpreselected sequence of events but offer thébifiex of
changing the order as determined by cognitive @shsistic input. It should augment the cognitive knactivities
in the workspace and at the same monitor workspatigities and context to coordinate devices andtrob
applications and displays. It needs awarenesstefprocess activities so that it can mediate oolvesresource
contention and it should operate primarily in tfeckground as a ubiquitous service executing sniatlks of
atomic services as a single unit. An orchestraservice, then, differs from a data mining applicator an
information portal. It has a wider scope than apegsystem and more flexibility than a workflowgére as it
uses an interaction framework. However, it can iipocate some or all of these mechanisms into paetive
capability. It has access to data silos and divarBemation sources but it also has awarenesh®fctrrent
activity’s context and an understanding of the gadithe current task. By combining these resoungtsdomain
knowledge, it provides a rich human computer irtegffor ubiquitous workspaces.

A brief background to this research is presentedra/iconcepts such as the procedural and cognitivpaenents
of collaborative activities are described. The plag exercise is described and broken down intcgh#o set
the scene for an explanation of the different plammmodels that were built from the observationd #ris is

presented in the next section. This leads to a aosgn between training and bona fide planningviiets and
highlights the major difference between these &/ that produce a cognitive vacuum and an otciisn

service is suggested as a mechanism to provide ebthés missing functionality. Finally, conclus®@and ideas
for future work are presented.

BACKGROUND

This study is part of a research program (Vernikakt 2003) that is set within the domain of ubiqus
workspaces, which are rich with novel devices, riatees and services and there is a focus on blgrtiiese
artefacts into the workspace background (Weiserl19%hese environments support intense collabarativ
activities such as disaster relief planning, peemeping missions, corporate strategy formulatiod software
reviews. In these settings, issues such as codiminand synchronisation are critical for teamsniget deadlines
and achieve goals. Participants in these activaresspecialists who are often colocated in sggaisigned
rooms (Chiu et al. 1999, Moran 2000) that fostereféo face activities, which are concentrated, gty
demanding and need to be managed or orchestratrecenCtechnological infrastructures in these envinents
offer little support for achieving workspace goalsch as decision making within specified time franoe
organising resources in a continually changing rmnent. This research is seeking to addressd$igi

Collaboration, in this research, is described ass#if organisation capacity of people to negoteie mutually
self adjust their activities to achieve a goal (@anides et al. 1997). Teamwork is also an impodhatacteristic
of collaborative activities and collaborative systehave been found useful for supported team (&sley et al.
2003), as opposed to unsupported tasks. Howevere tre few known systems that support same tiemae s
place group activities (Bafoutsou and Mentzas 2a63j focus on data retrieval without decision sarppas
required in this research. Collaborative activitiemlve the exchange of information between peaypié this can
be facilitated by people or technology. How itagifitated becomes important when time pressuresnaolved.
Intense collaborative activities must often megtstleadlines and so, by default, have a sensegaicy. These
activities may include preparing reports quicklgrmmenunicating in a highly synchronous manner orcietinual
practice of sequential tasks. They can be considesecomponents of a concept called “work pract{&e€rhuis
2001), which can have formal, computational proessand informal factors that describe real, nonkfl@mx
activities that take place in a work process, aaglmterruptions and short cuts. They may be predtin project
or “war” rooms (Richardson and Shaker 2002) whéwe dutcomes of structured, organised processes may
determine success or failure of a particular agtiiihese structured processes help to establkshntportance of
procedures and are supported by technologies ssickhée boards, computers, maps, flip charts, nggsga
engines and decision making tools. A combinatiothete technologies, electronic workplace suppuat reew
work processes showed significant reductions intitihe required to undertake some of these acts/{fidark
2001) but to extend Mark’s work in the area of intensdlaboration, the procedural and cognitive aspetts
these activities need to be merged and investigated

The unique part of this research is the investgatf the combined procedural and cognitive aspetthese
work activities. The procedural aspects can berdest as ordered sequences of events, informakiovs for



components dependencies. These ordered structarede found in domains such as project management,
software reviews or tertiary study programs. Of enonportance for this study, though, are the cogmior
reasoning aspects, which could include ordering iatetleaving decisions, questioning assumptiossgssing
situations, brainstorming, evaluating conceptsirabsng data and the joint analysis of problefdbao et al.
2002) Our approach in this context, is to adopt Hutstliancept of cognition as the creation, transfoionand
propagation of representational states (HutchirgsL9t is our premise that support for these @@t could be
partially automated or orchestrated and workspaaicipants would be less constrained and more &ble
independently pursue their goals.

THE PLANNING EXERCISE

A description of the training planning exerciselinles the purpose, the personnel and their commsiaadtures,
the scenario, the methodologies, the workspacetentéchnologies that were used.

The Joint Planning Workspace

Component booths Joint Planning Group
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Figure 1: Components such as the Navy, Logistics and Arraygs meet in their own booths in the main hall
for their information processing activities and mieethe JPG meeting room for joint sessions widmbers of
the other component groups. Not shown in the diagiee the layouts of tables and whiteboards in éacih.

The setting in this paper was an Army barracks weépsland, Australia and the planning exercise avas
component in an Australian led International CaatitDefence exercise. It was the second part cirgelt
program that consisted of three phases and theseagaducted over the course of several monththdrfirst
phase, the participants were exposed to the plgrohictrine. In the second phase, reported in thgep the
personnel practiced their doctrine in a trainingnpiing exercise and, in the third phase, the iaguftlan was
physically enacted by members of the joint armedds in a major operational exercise. In this trgjmplanning
phase, the personnel were given the opportuniputaheir doctrine into practice, become exposethéocJMAP
methodologies and procedures, and to become familih the activities involved in a joint militaryxercise that
would include members of the Navy, the Air Forcel dme Army. Approximately 70% of the 150-200 people
were new to the process and were unfamiliar witleopersonnel but this was not a constraint irr therk as the
JMAP methodologies provided the procedural guiddaceeveloping their plans.

The North Atlantic Treaty Organisation (NATO) conmdastructure forms the basis of the personnel sirec
(An overview of the NATO command structure can hanfb athttp://www.marshallcenter.org/site-graphic/langpage-conf-




summary-index/xdocs/conf/conference-summaries/@G488¢/xdocs/conf/conference-
summaries/0403/presentations/mcdowall-presentatiopd). In this organisation, members of the group ateelled
with titles designated with the character ‘J’, whis short for “Joint”. Examples include J5, whahisad of the
planning branch, J2, who is head of the intelligebcanch and J55, who is the planning branch coatoti
(Miller 2003). Not all of the *J’ designations aneed and their meanings change from time to time.

A Model of a Training Planning Exercise

COFS, Comd

Decision making

J5 group Coordination, direction, experience

ptimisation: currency, beliefs,
ta extraction, methodologies

ata, processing,
progedures, memory

Figure 2: The component layer in this model is highly spésed and “pushes” optimised information up to the
J5 planning coordinators after “pulling” it frometliesource layer.

The scenario for the exercise was a humanitarigistasce and disaster relief (HA/DR) operation éamdquired
the participants to create a plan that would addadisof the known and foreseeable issues that imeteded in
their initial briefing from the HQ Commander. Thesakter was a cyclone, which partly devastatedti#idius
neighbouring island. There was the potential foruafriendly military force to take advantage of #teaos and
invade the vulnerable country. The planners repitesethe different military components that woutdibvolved
in a joint force for an exercise of this nature amduded the Navy, the Army, air support of vagdypes as well
as legal, health and a group that liaises with gmvernment organisations. After the brief from @@mmander,
three groups were formed from the planning stafinalyse the mission separately and report on fimeiings.
This activity was coordinated and steered by thérdhch. The groups consisted of representativea frach
component so that a broad range of expertise wasahble in each group to provide balance in thealgses.
After agreement was reached on the meaning of tb&ion brief, component groups were required tasgethree
different courses of action (COAs) for a range oddicted scenarios. These three courses of actypically
involved a low key approach, a medium level of imement and a full scale deployment. For this égtivthe
planners met in their booths (see Figure 1) witmimers of their own component to focus on their grimgputs to
the separate COAs. After a specified time peribd, droups reformed in the planning room and subdhitheir
inputs to this next phase under the direction effitanning group coordinator. The inputs at thégstconsisted
of information relating to the operational capapibf the resources in their group. For examplejight take two
weeks to prepare the required ships to move 108bpeel within a defined timeframe. When one of @@As
had been selected as the most suitable, the pkmgain went back to their component booths tmeethe
details and make any corrections to their plan s response to the Commander’s review. These wem
presented in the planning room to the coordinatwhg then built a synchronisation matrix. This ispreadsheet
that links timelines to available resources anddéis the mission into different phases. At the efithis exercise,
a workable plan was presented to the Commandera(mative discussion of these activities fromvakflow
perspective is provided in the next section.)

All of these processes took place in a purposegdesi building (see Figure 1) that allowed compomsmners,
who were subject matter experts, to work aloneoocdllaborate as a group, when required. Each bioothe
component area had telephones and a network pmirdata access, and there was a set of publicepsirtnd



photocopiers, which were used extensively. Eachtbalso had shared whiteboards, blank butcher'&ippads
on easels, maps and other shared resources whierailge used extensively. Each group had a nunildgaison
Officers (LOs), whose role focused on seeking imiation from other components, when required, amiisg
further guidance from the coordinators when issweesied clarification or confirmation. Throughou tourse of
the JMAP, component groups would interact with ogi@ups and the main planning groups through th®s.
Informal sidebar conversationsvould take place when required and senior offisessld congregate in public
places to make themselves available if junior efficneeded advice or assistance. The intra gradipnger group
collaboration was characterised by face to faceudsions for cognitive activities such as sharihimfmrmation,
discussing alternatives, questioning assumptionshanging beliefs and making decisions to create th
deliverables required in each phase.

PLANNING MODELSIN THISEXERCISE

The model of the command structure used in thisae can be found in a number of Command and Gbntr
(C2) settings such as: emergency services orgamsatcounter terrorist organisations and policerafions
rooms. The layers in the model represent levelsbstraction (see Figure 2) where the least amdudetail is
available at the highest level. This is where sgiat decisions are made. Higher levels of deta&ilaailable at
lower levels in the model, where access to speedliresources is required to facilitate operatideaél
functions. The lowest human layer is representeBigure 3 by the component layer, which is locadedctly
above the resource layer.

Example Workflow in a Planning Scenario

Initial Mission Course of Action War Back
Briefing Analysis Development Gaming Brief
-~ - - o~

{ Stochastic ... ...
change ) AN t / /

Opportunistic Rollback
to any State at any Time

Figure 3: This high level workflow diagram shows points wéghe course of planning is halted and rolled back
to a previous state and continued in a differergddion to cope with weaknesses in the plan or imstvuctions
from the Chief of Staff and the Commander.

A Model of Training Activities

The model in Figure 2 is comprised of four laydrise base layer represents the resources that aitelds to the
group and contains data, transient and persistamhary, simple procedures and processing power. €Thes
resources represent pieces of cognition (or reptasenal states) or techniques to transform trgnitimn. For
example, by accessing the data in a databasegfitesentational state of that data could be tramsfd and
displayed as a visualisation on a user’'s scredarriration from the resources level is accessedutiird'pull”
techniques by personnel in higher layers.

The second layer in this model, labelled “composieint Figure 2, is comprised of personnel, who cosgand
present a more complex, value-added view of thenitiog stored in the resource layer. It has chamstics of
current (real time) information, such as the numbktransport planes available at a given locat@rset of
beliefs, such as whether the transport planes peeational and the ability to organise resourcdss Tayer can

A sidebar discussion is conducted by a small, temporary group for a specific purpose.



optimise and structure the data from the resoweel into useful models. It also contains more cemfevels of
processing in the form of methodologies and thditaltio negotiate with peer level components to aiiot
unavailable resources or data. The negotiatioadsithted by liaison officers who interact withhet component
groups or seek additional clarification regardirsgwe issues from the next higher level. The tedgyulsed at
this level includes whiteboards, paper, person&buoks (the paper kind), and minor utilisationcomputers.
The main use of computing technology was to qudrgtas Notes database for statistical or backgralate.

The component layer makes the greatest use of déghn followed by the coordinators, who use notdboo
computers to create slide shows and spreadsheetsngortant characteristic of the component lagethat the
personnel specialise in operating the resourcess®ts located in their groups. They have a “hantiapproach
that keeps them up to date with the latest teclyiedo current problems, undocumented errors andatipeal
issues related to their resources. They also Hevaltility to cope with unexpected events suchhastldition of
new or random (stochastic) data into the plannimgess or the requirement to roll back to a previstate and
change direction to cope with perceived weakneissttge plan or revised orders from the Chief offfS@@80OFS)
(see Figure 3).

A complete but simplified planning operation is ciitsed in Figure 3. This high level workflow stamsth a
briefing from the Commander in conjunction with 8©FS at the Initial Briefing (as indicated in ttup left
corner). This is followed by directions from the @&nners, who explain what the Commander wantsdardes
the planners into three groups to analyse the amsand confirm the Commanders intentions. This estiag
labelled Mission Analysis at the top of the figumed the three different analyses that are createdaaelled
MA1, MA2 and MA3 in the figure. Elements of changgn be injected into the planning process at thesidin
Analysis stage or at any later point and thesecefleality. An example of a random change is teskat MA3.
The changes can be generated by circumstancesgetat a situational update, such as worsening hvegat
conditions, or further orders from the Commanddreyl can necessitate a rollback to a previous stadethese
rollbacks are detailed as dashed lines in the mdded examples in the figure are at the synchrainisgpoint
after the Mission Analysis and at the War Gaminghpwhere the Commander requests a change to #mw pl
which needs to be war gamed again. In the lattee,cthe planning reverts to the point prior to @murse of
Action Development but it takes back some of tlaesbf the current plan and inserts modificatiddsce the
mission details have been analysed, the coordmadguest that the component planners formulage ttifferent
courses of action, which are designated as COAJAZahd COA3. At this point the diagram shows COA&g
aborted as it was not considered as a suitableoapprto pursue. This can also happen at any stagieei
planning process. Finally, and after the war gamimge course of action is chosen and turned i@ This is
represented as the last task in the model anct&dd under the Back Brief to the COFS and Comnraride
changes and rollbacks become cognitive activiteeplanners transform the current representatidatdsin the
environment to a previous state and the only teldgies used in this process are non computaticneh as
whiteboards and (paper) notebooks. The directiah support from the J5 coordinators are a key phthis
process.

The third layer in Figure 2, the Joint Planning Gyprepresents the planning coordinators and illdhthe J5

group in the figure. It is composed of J5 brancrspenel and their main function is to coordinatd direct the

different stages in the plan construction. It hasaae abstract view of the lower layers and is abigrised as: a
filter for sorting and choosing useful input frohetcomponent groups; directive, which steers tbemtowards

it's goal, and experiential, which provides anotfiker to keep distracting and useless informafi@m entering

the model. The leader of this group, J5, also iacssliaison role with the next higher level, whichrepresented
by the Commander and the Chief of Staff. It ishis toordination layer that processed data fromdher levels

can be visualised on large displays and analysed layge group comprised of personnel from all congmts.

The visualisations take the form of slide showspmeadsheets and these are often simultaneoustyvesy/ by the

Commander as part of an ongoing steering processtfie highest level.

The fourth and highest layer represents the dectisiakers and is labelled as “COFS, Comd". Thisrl&yéess
important in this paper but is crucial to the efifez development of the planning process. It is posed of the
Commander, the COFS and others and their roleismtbdel is to provide input to the IMAP, suchlesinitial
brief, as a sanity check at certain points andike delivery of the output, the group goal, whigtaicompleted
plan. The Commander, in effect, becomes the fofulseoJMAP process by setting the boundaries, pisorg

the work, selecting the COAs and setting the sayld strategy for the plan. The interactions wita kbwer
layers are in the form of briefs, some of which éeéivered by the Commander to the planners anerstiivhich

are delivered by the planners back to the Commaridee Commander also has a review group, which is a
higher ranking set of decision makers in the ewémt bona fide operation but these levels are eyatesented in
this model.



A Bona Fide Planning Exercise
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Figure 4: In a planning group for a bona fide operatiory, Epresentation in the component layer is only a
fraction of the size of that present in the tragn@xercise. J5 planners, then, need to “pull” diakctly from the
resources layer at times.

A Planning M odel for a Bona Fide Operation

The model of the training exercise differs fromttiofA a bona fide operation in that many personnethie

component group are not available and this is degim Figure 4. This situation was revealed irtgésions with
Australian Defence Scientists who have a historineblvement with Defence planning technologiesalbona
fide scenario, it would be difficult to assembliaege team of people at the very short notice abgl if a disaster
struck any particular geographic region. The pemsbin the J5 planning group in this model wouldnier

between fifteen and twenty planners, who reprefentomponents, as well as subject matter exgerequired

and smaller component planning groups, if availableaddition to J5 level planning, these peoplessitute for

the missing component layer but at a lower levefuottionality. They do not enjoy the same levebho€ess to
the organisational resources as the componentpebm the training planning exercise as they dbhave the
same close relationship to subordinate personhely @o not have the “hands on” exposure that wketp them
current with all of the operational issues relatinghe resource layer.

In this model, the planning specialists need taessdhe resource layer directly to collate dataiere updates
and assemble the required assets for deploymethieimission area. However, a group this small &ble1to
completely replace the functionality of the compunkevel. These planners, who are often personiitél the

equivalent rank of Major or higher, may not havstfhand, up to date information about the stafugsources
and this information may not be available elecitally at the resource level. For example, the lergftthe

runway in the mission area may be important asntfasig determine the amount of freight that can béted into

the target area with each aircraft. This knowledgg be available in a printed handbook and becafides lack
of proximity to accurate and up to date informatianknowledge vacuum could exist. This situationldde

supported by a human computer interface such asciuestration service.

A Planning M odd with Orchestrated Support

The knowledge vacuum can be partially filled by #&pproach in Figure 5. In this model an orchestrasiervice
can resupply some of the functions and activitiesnf the missing component personnel. Examples dheclu
maintaining a current knowledge base from datacgsuthat are additional to regular databases bitieydo seek
relevant information without explicit directions dathe ability to apply current methodologies to diéfined
problems. As an example, the service might maintpito date information about all aircraft landstgps within
a geographical region. It may keep data on whemitisérips were commissioned or decommissionedlehgths
of each runway, what types of aircraft can use thacthhow much fuel is bunkered at those locatibnaddition,



it might keep track of the operational state ofreaicstrip such as the composition of the runwajese, the state
of that surface and what services are availabldo#ts not represent a complete replacement ofdhmpanent
layer as an orchestration service does not reflatenhances human functionality, but the serviocelevhave
the ability to interrogate the available resouncese thoroughly and effectively than the bona fienning team.
The service could also provide procedural cooribnafor the activities and the devices in JPG wpéce such
as invoking news and weather services for the amdsr geographical focus on public displays.

An Orchestrated Planning Exercise
%,
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Figure 5: In this Model, the Orchestration Service replaa@®e of the functionality of the partially missing
component Layer.

A LiveSpace infrastructure implemented in this domaould provide technological coordination and [soif.
The orchestration service would monitor the progre$ different phases in the JMAP through the main
infrastructure coordination mechanism, which makeskspace activity transparent. By anticipatingrafes from
one phase to the next, relevant services and datebe prefetched to save the planner’s time arateffor
example, while the planners are building the syowisation matrix, which connects timelines to eafalié
resources and maps them to different phases ipléime the orchestration service can refer to a lat@@nd, with
reference to standard operating procedures, catatee of the appropriate information prior to wiliteis needed
and present it when required. This information rhigthate to the location of assets such as shidgparsonnel,
the levels of readiness of other resources suelirasft or it might consist of geographical infation relating to
the affected area in the plan. In this way, thdestration service relieves planners of some aof tdognitive and
procedural workload; it maintains an appropriateoant of abstraction in the workspace and allowspthaners
to focus on optimising and developing their plan.

DISCUSSION

The focus of this paper has been to identify sofrtbe cognitive properties in intense collaborataivities to
inform the design of new support mechanisms. Thisniportant as, with the exception of some off shelf
programs, few technological approaches are cuyrdrging utilised in this domain. This leaves thanplers
largely dependant on verbal interaction and pengisiata to white boards and paper products likebanks.
Given that relevant information could be accessetranipulated through technological means, it beyseful
to take a Human Computer Interaction approach sigdang solutions for cognitive support.

Cognition in this context has been defined as teaton, transformation and propagation of repredEmal
states and examples include: adding new intelligenformation to a database, persisting operatitmelines to
a whiteboard or sharing the status of a resourtie @her component personnel (see Figure 2). lofathese
examples, the state of the cognitive representaiehanged as it is mediated by a component mefrirarone
artefact to another. It becomes more complex, hewevhen information is drawn from disparate sosrraed is
selectively mixed by a planner, particularly whe@me of the data may be a set of beliefs rather thets. For
example, a component member may estimate wherr@mafaihas been serviced and is ready for operaltiduty,



but this may be a belief rather than a fact. THermation may not yet be recorded in an electralaitabase and,
consequently, is hard to access. Decisions mayabedoon this mix of cognitive artefacts and beliafel this
makes information optimisation in these activitiesre than just an exercise in extracting or “pgllidata.

In the training scenario in this paper, the compbrayer “pulls” data from the resource level, peses or
optimises it and “pushes” it to the next highereleWot all of this “pushed” information is relevaor useful and
can be distracting, but members of the J5 plansiaff have the experience to selectively filtestimformation

for what is useful, even though it creates extrakwor the J5 planners. In a real crisis managerseemario, only
a small planning team is used, as in Figure 4. T@ans that the “push” functionality of the compaayer is
missing and the J5 planners must “pull” whateveytheed from the resource layer. However, the vafubeir

experience and knowledge of the resource layerniimés with time as it becomes harder to keep abia
technologies, their nuances and operational idiosgies. As discussed previously, this createscavledge

“gap” due to the absence of the component layer.

This “gap” is comprised of cognitive processes antivities such as: liaising with other personmadgotiating
for required information, creating visualisatiorfsdata, optimising and filtering information, maiiming current
beliefs and utilising doctrinal methodologies. Aflthese activities focus on processing dynamiagtigated data.
The goal is to get the latest information and kéegurrent. Examples include, maintaining a watech wvital
weather conditions, scanning media services faclast concerning political figures of interest amdnitoring
troop movements or enemy activities. The data @sehactivities can be represented textually, Vigudigitally
or orally and mediated in diverse ways such asutjitadelephones and radios, on public displays,apepand
over electronic networks. It is important to ndtattthese activities do not relate to making denisibut only to
supplying current data. Orchestrated support cay @l role in reducing the size of the “gap” through
technological mechanisms by substituting for sormfiehese missing cognitive activities and supplyithg
dynamically updated data.

Some of the functionalities encapsulated in thegmmment layer, such as processing, data extractidmemory,
have software analogs, some of which can be suggbdoy orchestration but the raw data is sourceth feo
number of disparate databases. Accessing dataesosuch as custom intelligence gathering tools Wioeld

Wide Web, enterprise databases and intranets amdititerleaving the data sets in the manner petttioy the
component personnel may not be easy to implemeoliywvith technology. Methodologies need to be adiesl,

beliefs need to be evaluated and incorporatedtit@ptimisation process and context needs to hsidered in
decision making. These are cognitive roles thatfasphave remained within the human domain. Fengxe,
there are currently no technological mechanismsfifaring contextually useful information or knogdge in
these intense, planning environments and irreleirdotmation can be distracting and counter prodectAn

orchestration service, then, is important in irgeiig between the planners and their resourcesaddrkessing
some of these challenging issues.

CONCLUSIONS AND FUTURE WORK

The contribution of this paper has been to idengifyne of the cognitive properties of intense calfabive
activities. The domain was military planning andtsettings were examined; a training exercise andna fide
planning activity. The observations in the studyeaded a man-machine interface between the planning
coordinators and the organisational resources.ifthgface was comprised of planners in the traimiotivity and
included cognitive activities such as optimisingd asbstracting data, liaising with other plannerssatisfy
information requirements and maintaining beliefsseith real time information. It has identified hcseme
representational states in these settings are teddi@tween the resource layer and the planningdowdors. In
the bona fide planning activity, the interface @t disappears and leaves a knowledge vacuuns fiappens
when most of the component layer is removed froenrtiodel. This paper has also introduced the corufegt
orchestration service to replace the missing huotamputer interface and restore some of the meamnanésd
functionalities in a real time planning environment

Given that the “gap” consists of activities relatedlynamically sourcing and filtering current infmation, rather
than making decisions based on that informatioma not be fruitful to pursue approaches base@&mup
Decision Support Systems. However, two approackpgear promising. Expert Systems and other Artificia
Intelligence paradigms represent useful mechaniemdiltering data, reasoning and presenting retévand
acceptable information or recommendations to ugeotential problem, however, is that these apgiea are
sometimes only as useful as the currency of tredi dets. Even though they can reason with incamgeta sets,
problems could arise when they become too far bulate. Another approach is that of implementingpsut
through a multi agent system (MAS). Each agent c¢cadpresent a component planner and specialise in
replicating some of the functions of the plannerghat component. Some MAS architectures suppdi¢fbe
systems that can be updated dynamically. Each atfent, could be responsible for keeping its bel@frrent
and blending them with data from other sources. Uhdated belief sets could be pushed into the human
workspace to be selectively incorporated into tlping process. An agent system could also beuusethe



workspace by augmenting the available servicesutd provide workload relief to participants bymaging and
supporting a range of new, novel applications, ceviand interaction approaches such as “invisiileifaces
and sensory devices. An unexplored aspect of agetems in this context is their methodologiespersisting
data. It may be that a type of knowledge repositatli a built in reasoning mechanism used in cocijiom with
an agent system for sourcing data might be motalsai
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