International Journal of Computational Intelligence &yss, Vol. 1, No. 1 (January, 2008) 50-59

© Atlantis Press

TEAM SITUATION AWARENESS USING WEB-BASED FUZZY GROUP DECISION
SUPPORT SYSTEMS

Jie LU, Guanggquan ZHANG, Fengjie WU

Faculty of Information Technology, University of Techrpi®ydney
PO Box 123, Broadway, NSW 2007, Australia

{jielu, zhangg, fengjiew@it.uts.edu.au

Received October 28 2007
Revised November 12 2007

Situation awareness (SA) is an important element to suppsgonses and decision making to crisis
problems. Decision making for a complex situation oftendsea team to work cooperatively to get
consensus awareness for the situation. Team SA is characténcluding information sharing, opinion
integration and consensus SA generation. In the meantiami@us uncertainties are involved in team SA
during information collection and awareness generatideo Ahe collaboration between team members
may be across distances and need web-based technologylitatiacThis paper presents a web-based
fuzzy group decision support system (WFGDSS) and demdasth@w this system can provide a means
of support for generating team SA in a distributed team worktext with the ability of handling uncertain

information.
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1. Introduction

Critical situation management not only focuses on
the immediate aspect of a disaster, but also pays
more attention to finding ways to avoid crisis prob-
lems in the first place and preparing suitable re-
sponses to minimize the loss for those that undoubt-
edly will occur, such as fires, floods, epidemic, and
even terrorism. This mission requires technical sup-
port in effectively analyzing information of a situ-
ation, providing assessment results for emergency
management officers and supporting their awareness
and suitable decisions. Situation awareness (SA) is
considered as an important element in completing
this mission. SA is defined by Endsléws “the per-
ception of elements in the environment, the compre-
hension of their meaning in terms of task goals, and
the projection of their status in the near future”. The

process of achieving SA is called situation analysis
or situation assessment, which is based on acquired
situation information that may be uncertain. Aware-
ness information for a situation is derived as the re-
sults of situation assessment.

Since SA is regarded as a dynamic and collabo-
rative process, and assessing a situation is often re-
quired in a teant;® reaching an overall SA across a
team is a pre-emptive requirement for team SA. Typ-
ically, collaboration, information sharing and SA ag-
gregation/integration are the main components of
team SA generation process. Normally, in a team,
each member holds its own component(s) of SA,
which may be very different from other member’s
view of the situation, and should be aware of the
overall situation, other team members, and their ac-
tions involved*. When team members collaborate
in a face-to-face environment, they can easily share
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information obtained for a situation from others.
Although each individual may have personal prior
knowledge, experience, and opinions, the shared
physical environment provides a common reference
to support the communication among team mem-
bers and to develop an information sharing and in-
tegration working environment. When team mem-
bers collaborate across distances, each individual's
SA, including the awareness of the local and remote
situations, would have to be facilitated and sup-
ported by suitable information technologifs The
web-based group decision support systems (GDSS)
provide a means to help a team achieve consen-
sus awareness, since such systems have capability
in online information sharing, interaction, and in-
tegration. However, information and awareness ac-
quired is often inaccuracy. Furthermore, team mem-
bers often have conflict preferences, and their data
is often described by linguistic terms, in assessing
and sensing a situation. Therefore, uncertain infor-
mation representation and aggregation functions are
required in the web-based GDSS for supporting a
team’s SA generation.

This study considers the challenge of building a
web-based fuzzy GDSS that can aggregate uncer-
tain information and generate SA for a distributed
team by collaborating individuals’ situation assess-
ment and awareness over the web. The rest of this
paper is organized as follows. Section 2 discusses
the requirements of team SA and provides motiva-
tion for the use of both web-based GDSS and un-
certain information process techniques. Section 3
describes a fuzzy-sets based multi-criteria group de-
cision aggregation method and a web-based fuzzy
GDSS, called WFGDSS. Section 4 demonstrates
how the WFGDSS can support team SA generation
illustrated by a case based example. Finally, Sec-
tion 5 concludes the report and outlines the direc-
tions of our further work.

2. Requirementsof Team Situation Awareness

Situation awareness has been considered as a phe-
nomenon that refers to extract environmental infor-
mation, and then integrate it with previous knowl-
edge to direct further perception and anticipate fu-
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ture eventd”’. It is an understanding of the state of
the environment and provides the primary basis for
subsequent decision making and performance in the
operation of complex and dynamic systef$eam

SA is commonly used in the human-computer inter-
action community where the concerns are to design
computer interfaces so that a human operator can
achieve SA in a timely fashion. Itis also used in the
data fusion community where it is more commonly
referred to as situation assessmer8A has been
largely studied as an important element in diverse
military and pilot systems using observation, exper-
iments, and empirical methods. It is recently devel-
oped in critical decision making and early warning
systems. To develop more effective applications of
SA in these fields, three main issues below that in-
fluence situation assessment and awareness creation
are to be solved.

(i) Situation information uncertainty: Team mem-
bers collect data, generate awareness for a situation,
and share them with other members aiming to get
consensus awareness for the situation in the team.
Two basic functions are required to support the gen-
eration of team SA. The first is the representation of
the data collected about a situation. In a real world
people often only imprecisely or ambiguously know
a situation and use uncertain information to present
it, for examples, ‘very high’, *high’ and ‘very low’.
The second is the approaches or tools for assess-
ing the situation. As team SA has to be generated
through aggregating these imprecise and inaccuracy
information and opinions, fuzzy information pro-
cessing techniques, particularly fuzzy sets based lin-
guistic term process approaches, are suitable.

(i) SA inconsistency within team members: As-
sessing or controlling complex and dynamic situa-
tions, such as an emergency co-ordination among
several large organizations, is beyond the compe-
tence of one single individual. Instead a team works
cooperatively to coordinate and control the environ-
ment. Since each team member possesses his/her
own SA, the level of overall SA across the team be-
comes an important issue, possibly leading to per-
formance errors in team SA. An example can be
found in the context of a building security control
room. Several security officers need to know cer-
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tain pieces of information to safely and effectively
complete a work process. If one person acting as a
supervisor is aware of the critical information, but
another person in direct control of the process is
not, the SA of the team may be deficient. Conse-
guently, performance and system safety may suffer
from this case. This is also a typical case of SA
inconsistency. Team members communicate each
other to describe their identifications and judgments
for a situation in attempting to reach a consensus
SA. In a sequence processing, relevant SA informa-
tion is passed on to the next person that may pro-
duce fewer uncertain hypotheses. Parallel process-
ing would make team members develop different sit-
uation models that at the end might lead team mem-
bers to talk about different conceptions of the am-
biguous situation. Therefore, a suitable team situ-
ation assessment collaboration platform and an ag-
gregation method are necessary in order to get an
overall SA across a team.

(i) Distributed environment: In collaborative team
work, perceiving, recognizing, and understanding
activities of other members through sharing SA are
basic requirements. Several possibilities exist for
sharing SA: each team member might have the same
SA, which could be accurate or inaccurate, or each
team member might have different SA, in which
case either one is accurate and one is not, or they
are both inaccurate. Communication is the key to
team SA by reducing the occurrence of discrepan-
cies in shared SA. Shared SA is as the intersection
of elements within an environment upon which mul-
tiple members must develop SA for accomplishing
individual sub-goals leading to achievement of the
overall team goal. It should be noted that the ac-
curacy of team SA depends upon the accuracy of
each team member’s SA, if any team member has
poor SA, then the team SA may become ptoin
addition, complete SA, in which a member has ac-
cess to all possible awareness about another mem-
ber, can better support decision than partial SA, and
it often combines with shared SA in a distributed
environment!

The three issues identified on above propose cru-
cial requirements for web-based GDSS which have
uncertain information representation and aggrega-

tion capability for team SA generation in a dis-
tributed environment.

3. A Web-based Fuzzy Group Decision
Support System

3.1. Group decision support systems and fuzzy
sets

A GDSS is characterized by being adapted for
a group of people who collaborate using a com-
mon computer network such as the web to sup-
port integrated systems thinking for complex deci-
sion making%'3 Various GDSSs have been used as
communication support systems in electronic meet-
ings, project evaluations and recently emergency
situations> The communication process in emer-
gencies is usually implemented by two types of
communication support methods; one is a commu-
nication support system based on the communica-
tion model which considers human related factors
such as “competence”, “duty”, “responsibility” and
“knowledge”, and the other is coordinated inter-
faces to visualize the gap between intention and
situationt* This study mainly focuses on the first
type.

Fuzzy set techniques proposed by Zatfehave
been well applied in the area of multi-criteria
group decision-making to deal with uncertain is-
sues, particularly linguistic termi$,involved in gen-
erating a consensus opinion (solution) for a deci-
sion groupt”181° Our previous stud$®?! identified
three factors that influence the assessment of utility
of alternatives and the deriving of a group consensus
opinion and decision:

(1) individuals’ roles (weights) in the ranking of the
satisfactory decisions;

(2) individuals’ preferences for alternatives; and

(3) individuals’ judgments on criteria for assessing
these alternatives.

We also proposed a framework to represent group
members’ perspectives in order to minimize their
confliction in a decision-making processBased on

these research results, a fuzzy multi-criteria group
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decision aggregation method was proposed, which
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Step 4: Each decision makBf (k=1,2,...,n)

uses general fuzzy numbers to present three sets of is required to express their preference for criteria by

linguistic terms described in above identified three
uncertain factors. A consensus group decision (or
called a satisfactory solution) which is in the most
acceptable degree of the group can be obtained by
applying the method.

3.2. A fuzzy multi-criteria group decision
aggregation method

This method consists of ten steps within three stages.
LetP = {P,P,,...,P}, n > 2, be a given finite
set of decision makers to select a satisfactory solu-

tion from alternatives.

Stage 1. Alternatives, criteria, and individual
weights determination

Step 1: When a decision problem is proposed in a
group, each member can raise possible alternatives.
Let S = (S S, .. sSSP,
whereS is the j™ alternative for the decision prob-
lem raised by group membg. Through communi-
cation,S={S,S,...,Sn}, m> 2 is selected from
S as alternatives for the decision problem in this
group.

Step 2: Each group membBg (k=1,2,...,n)
can proposes criteria (CX,C5,...,CK ) for assess-
ing these alternatives. All members’ criteria are
put into a criterion pool and top-t criteriadl =
{C1,Cy,...,C}, are chosen as criteria for the deci-
sion problem in the group. Chosen through discus-
sions and compromise among group members, these
top-t criteria will reflect the understanding and pref-
erence of the whole group.

Step 3: As group members may have differ-
ent degrees of influence for the selection of the
group satisfactory solution, the relative importance
of each decision maker may not equal in a decision
group. Therefore, each member is assigned with
a weight that is described by a linguistic tefffy
k=1,2,...,n. These terms are determined through
discussions in the group or assigned by a higher
management level (say, the group leader) at the be-
ginning of the decision process. Possible linguistic
terms used are shown in Table 1.

Stage 2: Individual preference generation

a pairwise comparison of the relative importance of
these criteria of AHP methotf.

Table 1. Linguistic terms for describing weights of deaisio
makers

Linguisticterms | Fuzzy numbers
Normal C1
Important Co
More important C3
Most important C4

An initial pairwise comparison matrixe =
& ], isfirstly established, whe® represents the
quantified judgments on pairs of criteiiz andC;
(i,j=121,2,...,t,i # j). The comparison scale be-
longs to a set of linguistic terms that contain various
degrees of preferences required by decision makers
R (k=12,...,n), or take a values’. The linguis-
tic terms are shown in Table 2. Charactet rep-
resents that decision makBy (k= 1,2,...,n) does
not know or cannot compare the relative importance
of criteriaC; andC;.

Consistent weights¥ (i = 1,2,...,t) for every
criterion can be determined by calculating the geo-
metric mean of each row of the matlﬁij-]m where

eﬁ- (j=1,2,...,ix) is not ‘+', and then the resulting
fuzzy numbers are normalized and denotedvés
WK, ..., WK, wherewk € F#(R) and

Gk

i T

R

fori=212....t;k=1,2,...,n (1)

Step 5: Against every selection criteri@n (j =
1,2,...,1), abelief level can be introduced to express
the possibility of selecting a solution Si under the
criterion C; for decision makeP. The belief level
b (i=12,....t;j=12....,mk=12...,n) be-
longs to a set of linguistic terms that contain various
degrees of preferences required by decision makers
P under thej" criterion (j = 1,2,...,m). The lin-
guistic terms for variablepreferenceare shown in
Table 3. Notation **' can be used to represent that
decision makePR, does not know or could not give a
belief level for expressing the preference for a solu-
tion § under the criteriolC;.
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Table 2. Linguistic terms for the comparison of criteria

Linguistic terms Fuzzy numbers
Absolutely less important a
Much less important a
Less important ag
Equally important a
More important as
Much more important as
Absolutely more important ay

Table 3. Linguistic terms for preference belief levels for

alternatives
Linguisticterms | Fuzzy numbers
Lowest by
Very Low b,
Low b3
Medium by
High bg
Very high bg
Highest b7

Step 6: Elements in each belief level matfby;)

(k=1,2,...,n)is aggregated into belief vectofﬁlj()
(j=12,....mk=12,...,n) by

K
b :W'j‘l*bk

Y k
j J'J'1+le<2*b

Y K
e

iis

)

whereb¥; (i =1,2,...,9) is not “+'. Based on be-

lief vectors(BT), decision makeP (k=1,2,...,n)
can have an overall judgment on the alternatives,
that is, an individual assessment vector. All indi-

vidual assessment vectors can compose a group of
assessment matricréElj() .

Stage 3: Group aggregation

Step 7: Each memb& (k=1,2,...,n) has been
assigned with a weight that is described by a linguis-
tic termVi, k=1,2,...,n, as shown in Table 1. A
weight vector is obtained? = {V, k=1,2,...,n}.

The normalized weight of decision mak&r(k =
1,2,...,n)is denoted as:

b

, fork=21,2,...,n. (€))

Step 8: Considering the normalized weights of
all group members, we can construct a weighted nor-
malized fuzzy decision vector

=1 =1 =1

b 5o by

o b; b, --- b
(rlar27--- rm):(vivvﬁv 7vrk1) .1 .2 m
b, by, --- b

(4)

whererj = k§l\7§5f

Step 9: In the weighted normalized fuzzy deci-
sion vector the elements, j =1,2,...,m, are nor-
malized as positive fuzzy numbers and their ranges
belong to the closed intervéd, 1]. We can then de-
fine a fuzzy positive-ideal solutioFPISr*) and a
fuzzy negative-ideal solutiofFNIS,r~) as:

The positive and negative solutions whose dis-
tances between eachandr*, rj andr~ can be cal-
culated as:

di =d(Fj,r*) and dj =d(Fj,r7), ]

1,2,....m,
(5)
where d-,-) is the distance measurement between
two fuzzy numberd?

Step 10: A closeness coefficient is defined to de-
termine the ranking order of all alternatives once the
di andd; of eachS; (j = 1,2,...,m) are obtained.
The closeness coefficient of each alternative is cal-
culated as:

1, . . .

CC; :E(di +(1-d)), j=12....m (6)
The alternatives; that corresponds to M&C;, j =
1,2,...,m) is the most acceptable solution for the
decision group.

3.3. A web-based fuzzy group decision support
system for team situation awareness

A web-based fuzzy GDSS, called WFGDSS, is de-
veloped in this study which implements the pro-
posed fuzzy multi-criteria group decision aggrega-
tion method to support team situation assessment in
a distributed environment. A data management sys-
tem, a model management system and a user inter-
face are the main components of the system. This
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system allows team members distributed in different
locations to participate in situation assessment and
decision making activities through the web. It man-
ages the group decision-making process through cri-
teria generation, alternative assessment, opinion in-
teractions and decision aggregation. The working
process of using the WFGDSS in team situation as-
sessment is summarized into seven main steps as fol-
lows:

Step 1: Set up an online team for assessing a sit-
uation.

Step 2. Collect alternatives: members provide
their assessment results or awareness for the situa-
tion online. Through online discussions and sum-
marizations, a set of them are determined as alterna-
tives.

Step 3. Choose criteria: referring to the criteria
received from all members, top-t criteria are deter-
mined as the criteria for assessing the situation in
the team.

Step 4: Set weights: as team members play
different roles and have different experiences, each
member is assigned a weight, described by linguistic
terms shown in Table 1.

Step 5: Complete criteria comparison matrix:
based on the criteria and alternatives determined,
each member fills a pairwise comparison matrix of
the relative importance of these criteria online using
linguistic terms shown in Table 2. The purpose of
the step is to obtain weights of all criteria.

Step 6: Complete the belief level matrix: each
member fills a belief level matrix online to express
the possibility of selecting an assessment result un-
der criteria. That is, to express a member’s be-
lief/reference level to an alternative using linguistic
terms shown in Table 3.

Step 7: Generate the final assessment result of
the team: once all members submit their assessment
results and preferences online, the server applica-
tion software first corrects the inconsistence of each
pairwise comparison matrix of the criteria based on
linguistic inference rules, then calculates the be-
lief level matrices, the belief vectors, the normal-
ized weights of team members, the weighted nor-
malized fuzzy decision vectors, and the closeness
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coefficients of all alternatives consecutively. The al-
ternative that corresponds to the maximum closeness
coefficient is the aggregated assessment result across

the team.

Wait for group
available

Y
Group available?
Member type

Input alternatives

Set up a decision group

Collect alternatives
from all members

Collect all alternatives
Y

Select alternatives

Wait for alternatives
sent from the leader

Alternatives available?

Y
Wait for criteria sent
from the leader

Criteria available?
Input weights and
select criteria
Collect matrices from Wait for result from
I all members the leader I
Collect all matrices? Result available?

Fig. 1. Flow chart for the WFGDSS working process

Figure 1 shows the working process of team sit-
uation assessment using the WFGDSS. Regarding
to the process, each member should be aware that
understanding of other members’ opinions and hav-
ing interactions with other members have critical to
make the process with the system smooth and suc-
cessful. It involves which stage other members cur-
rently are and what they are doing currently, etc. For
example, in Step 1, other members will not be able
to login to the system until the team leader has set up
an assessment team; in Step 7, the process of calcu-
lating the final result will not proceed until all mem-
bers’ criteria comparison matrices and belief level
matrices are collected.

—

Collect criteria from
all members Member type

Collect all criteria?

iinput criteria

Input matrices
Member type

Calculate and
Show the result

4. A Case Study for Team Situation Awareness
Supported by the WFGDSS

In public health risk management, health experts
will monitor, predict and respond to emerging epi-
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demiological such as SARS, bird flu to control out-
breaks and prevent them from spreading. Suitable
early warning systems will then be used to issue
alerts when situation assessment results indicate a
disease begins to spread. In such a situation, sharing
information and SA across a team of health experts
will lead to the development of improved coordi-
nated response and decision making to emergencies
worldwide. The WFGDSS can become a commu-
nication network that allows collaboration among
the health experts and observatory around the world
working to assess and discover any risk situations.

Suppose a distributed health expert team is col-
laboratively observing the SARS outbreak and epi-
demic for a region. The team consists of five mem-
bers: Officer 1, Officer 2, Officer 3, Officer 4, and
Officer 5 who come from different organizations and
play different roles in the team. Officer 1 is the Chief
Observer to take intellectual responsibility for the
surveillance and report. Through collecting and an-
alyzing data from multiple sources, each member is
aware of and judges the current situation of the re-
gion’s SARS epidemic. Each individual's awareness
for the situation will share with other members. Dur-
ing the information sharing and integration process,
each member can express their own understanding
to the current situation and different opinions about
which risk level of SARS epidemic is in that region.
Their assessments will be integrated into team SA
for further activity recommendations such as a suit-
able SARS alert.

As the data collected and awareness expressed by
these team members are by linguistic terms and not
consistent, it is hard to directly use the obtained data
to determine the risk level of SARS epidemic for the
region. The team defines four risk levels: Level 1
(low risk epidemic), Level 2 (middle risk epidemic),
Level 3 (high risk epidemic), and Level 4 (very high
risk epidemic). These team members need to have
consensus awareness on the level of current SARS
epidemic in the region through online communica-
tion. The developed WFGDSS can support, in some
degree, reaching a consensus SA for the team on the
risk level of SARS epidemic, which is described as
follows.

i Fuzzy Group Destion Suppes Systen - Miciass! Inteiesl Esplom

([ Edt Vew Faostes Took Heln -
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Fig. 2. Three SA alternatives proposed by team members

Step 1. The team lead@fficer 1logins to the
system first and sets up an assessment team. A col-
laboration and information sharing environment is
formed.
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Step 2: All members express their SA about that
region’s SARS epidemic. Botbfficer 1and Offi-
cer 2s believe that the current situation of SARS
epidemic in the region is witRisk level 1Officer 3
andOfficer 4s areRisk level 2and theOfficer Bs is
Risk level 3 No opinion is forRisk level 4 To sup-
port for further discussion and get a consensus SA,
the three kinds of opinions are as alternatives for the
team SA problem as shown in Fig. 2.

@ Internet

Fig. 3. The criteria proposed 9fficer 1

Step 3: Each team member proposes some cri-
teria for assessing these SA alternativ€ficer 1
proposes two criteria that ar&he atypical presen-
tations and ‘The epidemic times shown in Fig. 3;
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other officers propose criteria includingHe clini-

cal symptoms and sigihs The number of infected
patients, ‘ The number of deathand ‘The epidemic
time. All these criteria are put into a criterion pool
and finally four of them are chosen as criteria, which
are as shown in Fig. 4. The information sharing
here is very important. It fully uses all members’
knowledge and experiences to show their opinions
and communicate with each other.
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Fig. 4. Four criteria and team members’ weights

Step 4: Each member is assigned with a weight
that is described by a linguistic term. He@fficer 1
is assigned asMost important, Officer 2 Officer 3
and Officer 4 are assigned agmportant, respec-
tively, andOfficer 5as ‘Normal, which are shown
in Fig. 4.

Steps 5-6: Based on the criteria proposed, each
team member fills a pairwise comparison matrix of
the relative importance of these criteria and a be-
lief level matrix to express their opinion about the
current SA under the four selected criteria. Sup-
pose Officer 1fills the two matrices as in Fig. 5.
In the criteria comparison matrix, the criterionhe
atypical presentationis thought as more impor-
tant than the criterion The epidemic timgalso the
criterion ‘The number of infected patiehis ‘less
important than the criterion The number of death
etc. Also in the preference belief level matrix, com-

paring with other alternatives under the criteffdé
atypical presentatioristhe preference belief level of
Risk level Ifor the current SA epidemic is regarded
as very high, Risk level 2as high’, Risk level 3
as ‘medium, etc. Obviously, team members’ prefer-
ences are fully expressed here.
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Fig. 5. Criteria comparison matrix and belief level matrix
filled by Officer 1
Step 7. Based on the normalized weights of all

team members proposed in Step 4, and the criteria
comparison matrices and the belief level matrices
generated by all members in Steps 5-6, all opinions
of the members are aggregated by the method pre-
sented in Section 3.2. The final ranking result is as
shown in Fig. 6. Based on the result generated, the
consensus SA in the team is that the current situ-
ation of SARS epidemic in that region is about on
Risk level 2

This WFGDSS also can be used in other situa-
tion assessment for risk management and crisis re-
sponse systems, such as nuclear risk crisis manage-
ment, pollution response systems and financial early
warning systems.

5. Conclusionsand Further Study

Situation assessment may be the most important and
the most difficult stage in crisis decision making pro-
cess. Part of the difficulty is that measurement of the
quality in which situation assessment is concerned.
Uncertainty in the measurement is very common in
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various situations such as financial decisions, natu- h
ral disasters warning decisions, and public health or
environmental decisions. In addition, when the con-
cept of SA is extended to teams, the team SA will
have the meaning of understanding of the activities 1
of the others, which may affect the whole team’s

goals and/or procedures. More kinds of uncertain-

ties are involved in situation information and its pro- 2.

cessing. Particularly, when group members collab-
orate across distances, they have not only different
knowledge and abilities, but also different physical 5
environments. This paper dealt with all these issues

in team SA by applying the WFGDSS.
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Fig. 6. The final result for the consensus SA in the team

Further study includes the development of ap- 9

proaches of team situation assessment to directly
support early warning generation. As team SA form-

ing process is a consequence of the information fil- 10,

tering and coordination, this study will apply tar-
get recognition approach 23 to develop suitable sys-
tems of information filtering to support early warn-
ing generation.
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