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Abstract

In network centric environments, team decision mgkand situation assessment are distributed in tokh and
space. Shared understanding among team membersegdhd to the impact, importance, and qualityedévant
information items (e.g., sensor outputs, text doents, images, message traffic, web pages) isiaatrdlement in
the selection of an effective course of actionre;lgve focus on the issues of (1) what is themmim information
that needs to be exchanged for shared understat@imerur, (2) how do we capture that informatiand (3) how
should it best be displayed? Distributed teams ¢batmunicate asynchronously require a knowledgeag@ment
plug-in tool that will convert, encapsulate, and @ group member’'s subjective understanding of @pdex

information item into an iconic representation thiapresents various information parameters. Icoms loe
automatically generated from an abstraction teraptaimpleted by a team member for each decisionante
information item. These tags can then easily eetanically exchanged among the team, improvingresh
understanding, consensus building, and informatimion among group members and significantly remlyche

valuable decision time typically consumed by cantftesolution.

1 Introduction

Command and control technology has created dis&@bmilitary organizations, where the common openat
picture and commander’s intent can be operationaiijerstood throughout the chain of command. Sanalbusly,
defence transformation has put a new emphasiseougé of quick-response, agile, coalition or jéimte response
teams. Team knowledge processing has not kept\pilhethe cognitive overload created by massive seasd
tactical information distribution. The Office of Mal Research, with assistance from the Space andlNéarfare
Systems Center, seeks innovative new human-cekirievledge processing tools to collect, fuse andlyaea
uncertain, and often subjective multi-source infation. This innovation must be able to summaritars and
display multi-source information at the speed ahamand in a usable format. The objective is to imprdecision
time by reducing the time and effort devoted toflicinresolution and consensus building for tadtioa strategic
course of action selection. This paper reportshendevelopment of a cognitive processing-basetittmt may
improve the ability of both individual and distrifed group participants to evaluate, share, andjiate relevant
information items in reaching an overall cours@aadion decision.

2 Background

As military command and control operations becomeremglobal and more network centric, collaborative
environments for military group decision makinglvaécome increasingly more distributed in both plaod time.
The traditional face-to-face meeting has been ogplaby asynchronous collaboration where the greemstbn-
makers are located in different regions and witffedng time-availability considerations. A sigiti&nt
consequence of this is that much of the decisitevamt information is also distributed across tlatipipants.
Because of their location, previous experienced,diffiering access to information and sources, grlicipant has
uniquely held information items that can signifidfgnimpact the decision making process. Uniquedjah



information can only impact the group decisiontifcan be reviewed, evaluated and integrated byrdtem
members.

The work of Stasser and his associates (Stasseitug, TL985; Wittenbaum & Stasser, 1996; Wittenbal898)

have clearly shown two significant problems in d@ealith uniquely held information. The first isdt participants
are very poor at sharing their uniquely held infation, even though it may have a significant infloe on the final
decision. They do not intentionally hide the imf@tion, group discussions center on the commonlg sleared
information, and due to time constraints, the ualguneld information is not shared. Second, e¥@mé can devise
a way to share this uniquely held information,sitaften discounted by the group and will not imptet final

decision. This later phenomenon is discussed dnyniz (1996) in an article aptly entitled “You Cagad a Group
to Information but You Can't Make It Think.” A mercomplete review of this literature has been regbby

Fleming & Kaiwi (2002).

3 Approach

Shared understanding among team members with remarthe impact, importance, and quality of relevant
information items (e.g., sensor outputs, text doeots, images, message traffic, web pages) is reagess the
selection of an effective course of action. Wedthesize that uniquely held information is notredabecause it
increases the cognitive burden of the recipient. a Idistributed group decision making environmesatch team
member must collect, analyze and integrate theim aviormation. Processing information sent by &aeotis an
additional cognitive burden. It is likely to benigred simply because the recipient does not havértie to analyze
and integrate other’'s information. This is unfoete, because this information has already beelyzathand
evaluated by the sender.

3.1 A knowledge management tool

A knowledge management tool is needed that is themsio the cognitive burden of the recipients het
collaborative environment. The following questianast be considered: (1) What is the minimnfarmation

that needs to be exchanged for shared understataimerur, (2) how do we capture that informatiand (3) how
should it best be displayed? Distributed teams ¢batmunicate asynchronously require a knowledgeagmment
plug-in tool that will convert, encapsulate, and @ group member’'s subjective understanding of @pdex

information item into an iconic representation tregiresent various information parameters.

3.2 Information objects (10BS)

These icons are referred to as Information Objéi€d8s) and are automatically generated from anrabson
template completed by a team member for each deeisilevant or key information item. These 10Bs then
easily be electronically exchanged among the teiamproving shared understanding, consensus buildamg]
information fusion among group members and sigaiftty reducing the valuable decision time typicalbnsumed
by conflict resolution.

The use of IOBs enhance both team and individuakd®s making. Individual military decision makeb®th in an
operational and intelligence environment, are neglito fuse many information items that differ inafjty,

timeliness, impact and importance. The creatiahdisplay of IOBs from the initial examination dietinformation
item leaves a permanent, accurate record that isulipect to the limitations of human memory. Whethecision is
required, this pool of icons becomes availabledfggrall assessments, with each contributing infoionatem still

retaining and displaying its distinct informatioelevance. Just as tactical symbology encapsuthtegsomplex
output of remote sensors, I0Bs encapsulate theenbiwf complex documents, web pages, images, gnuitse
Preliminary evaluation of this display concept lsaswn improved accuracy and speed of situationsassnt in
decision-making (Fleming, 2003; Fleming & CowenQ2}

3.2.1 Identification of key information

Fleming (2003) provides steps to help determinectvimformation should be retained and tagged:



1. Is the item relevant? Specifically, does ittel@ one of the decision criterion?

2. It is a usable item? This addresses the quafithe information, such as the source credibilihe
timeliness of the information and the confidencéhi@ accuracy of the information.

3. What does the content imply? This addressesthetHirection and degree of effect of the inforiomat
content. Does it have a positive or negative effdicection) on the criterion and how strong isstiffect
(degree)?

4. How important is this item? This factor addraestes relative importance of this item comparedchwit
other items that have been retained for this doiterlt is usually determined by a subjective cosif
of information quality and content.

The above subjective parameters are implicitlycgassd to the retained information as part of ougrimal cognitive
process. An IOB is created when these parametersxlicitly attached to the information. Usingm@owledge
elicitation template, we can quantitatively assigscore to each parameter. For example, a sulgegérception
that “this information has high source credibilityd tagged as “high” on the “high-low” source ctatiiy
continuum displayed to the decision maker. We d@eéin IOB as tag that contains a quantitative asmgsabout a
participant’s subjective impression of a piecerdérmation.

3.2.2 Iconic tagging of key information

If we are going to ask participants to create IGB®just exert a minimum burden so that its cogaitiost does not
exceed any benefits it may bring to the decisiatess. The IOB template (see Figure 1) needs tinlygle, easy
to learn and user friendly.
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Figure 1. IOB Template and IOB Tag.

In the above example, participants need to makecsidn about using the Marines to rescue refugéfebe coast
of Guam. Current information was found on the biadl Weather Service’s web site showing a phota yphoon
200 miles northeast of Guam. The wagon wheel sectidhe template is where the participant entéssiarks for
the various information parameters. The three spalethe bottom indicate information quali@redibility of

source,Timeliness of the information, an€onfidence in the accuracy or logic of the information. Theripant
evaluates the information by moving the dot on speke, where the outer ring represents high quality the
center of the wheel represents low quality. The spokes on the top represéntpact and I mportance of the
information, relative to the decision category qtion (in this case using the Marines): Does thisrmation
support using the Marines to rescue the refugdeghis information relatively more important tchet information
items? Again, the participant evaluates impactiemmbrtance by moving the dot on the spoke, wheeeotliter ring
represents strong positive support or very highargnce and the center of the wheel is for markdoof

importance or information that is counter to usimg option.

Since impact and importance are more critical patams in making a decision, the template doubleesdtiose
parameters in the 15 cell red-to-green table, texthe wagon wheel. This “Impact vs. Importance$piy



represents impact using the “traffic light” metaplmd importance using the “power bar” metaphoslaswyn in
Figure 2. After the participant completes the ti&t® the information is tagged with a row from thepact vs.
Importance” display (see Figure 1). A™ sign after the row indicates that participantwadhe dots to the outer
rings forCredibility, Timeliness, andConfidence. In other words, the quality of the informationsaaigh. Going
back to our example, the typhoon information wagyéal as highly important information of high qualitgainst
using the Marines to rescue refugees.
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Figure 2: Levels of impact and importance parameters.

4 Resultsand discussion

An experiment that evaluated the use of IOBs inimglividual decision making environment was conddcse
Colorado State University. Itis important to fidemonstrate that IOBs can improve individual dieci making as
a prerequisite for improved group decision makiRgrticipants were tasked to rank companies as times
opportunities given reports about the financialltheaf each company. We addressed the followingstjor: Do
participants who tag information using our templatake better decisions than those who do not tagséme
information?

The participants were 36 students from ColoradteStmiversity (CSU). They were asked to participas part of
a classroom requirement. All the participants weened on how to create and use IOBs to tag releict
information such as a web report or graph. Thei@pants were tested individually in CSU’s Computgpbrmation
Systems Laboratory. Each participant received draesstimuli (i.e., electronic reportsOnce the participants
logged-on, an instructional page appeared taskiagtto rank three generic companies as the bedd|enior worst
investment. Participants were provided electroefiorts about each company’s profits, workforcadégship, and
business markets. Participants had the option inju®©Bs to help them deal with the electronic mpa@nd the
final rank ordering of the three companies. Thiskrardering task is part of a known case study hawg the
Colorado State University, College of Business #mel companies, given the financial reports providedre
ranked a priori based on a previous factual study.

Unfortunately, most of the participants did not tptise I0Bs: Only 15 of the 36 students choses&l@Bs as part
of their decision making process. However, wheBd@vere utilized, better decisions were made. Thdse used

the 10Bs were about 20 percent more likely to rdrk best company (as determined a priori by exXpegsheir

first choice. It is clear that tagging the repomas helpful. Our results lend support to the lhehat IOBs can
improve individual decision making performance dorelatively simple ranking task. Improved perfarmoe could
also be attributed to increased attention on edmttrenic report afforded by the tagging processl aur future

experimental designs will need to account for aieneffects. Future studies will also increase ¢chenplexity of

the scenario and will involve the sharing of th&lags among distributed participants.

5 Summary

A prototype decision support and knowledge sharirog is being developed that can be plugged inistiexg off-
the-shelf military asynchronous collaborative eanments. This application provides the capabititgasily create
and exchange tags about a participant’'s subjedthgession of information items. We described falized
process for abstracting, quantifying, displayingg aharing these subjective assessments, whichbmangeful for
simplified conflict resolution, consensus buildiagd decision making. In the future we will testigas tool design



features (e.g., sorting, tagging, icon sizes, shap®l colors) in an effort to improve decision makiwithin
distributed military teams.
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