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Examining the Implications
of Process and Choice for

Strategic Decision Making Effectiveness
Paul L. Drnevich, The University of Alabama, USA
Thomas H. Brush, Purdue University, USA
Alok Chaturvedi, Purdue University, USA

ABSTRACT
Most strategic decision-making (SDM) approaches advocate the importance of decision-making processes
and response choices for obtaining effective outcomes. Modern decision-making support system (DMSS)
technology is often also needed for complex SDM, with recent research calling for more integrative DMSS
approaches. However, scholars tend to take disintegrated approaches and disagree on whether rational or
political decision-making processes result in more effective decision outcomes. In this study, the authors examine
these issues by first exploring some of the competing theoretical arguments for the process-choice-effectiveness
relationship, and then test these relationships empirically using data from a crisis response training exercise
using an intelligent agent-based DMSS. In contrast to prior research, findings indicate that rational decision
processes are not effective in crisis contexts, and that political decision processes may negatively influence
both response choice and decision effectiveness. These results offer empirical evidence to confirm prior
unsupported arguments that response choice is an important mediating factor between the decision-making
process and its effectiveness. The authors conclude with a discussion of the implications of these findings and
the application of agent-based simulation DMSS technologies for academic research and practice.
Keywords: Agent Software, Agent Technology, Decision Support Systems (DSS), Distributed
Decision-Making Systems, Knowledge Management, Security Management, Strategic Planning

INTRODUCTION
Strategic decision-making (SDM) involves
the methods and practices organizations use
to interpret opportunities and threats in the
environment and then make response decisions
(Shrivastava & Grant, 1985). Modern decisionmaking support system (DMSS) technology is
DOI: 10.4018/jdsst.2010070101

often also needed for complex SDM, with recent
research calling for more integrative DMSS
approaches (Mora, Forgionne, Cervantes, Garrido, Gupta, & Gelman, 2005; Phillips-Wren,
Mora, Forgionne, & Gupta, 2009). Such DMSS
technologies offer the type of rich and powerful research technology platforms with a high
degree of external and internal validity as well
as reliability required for integrated decision
support (Mora et al., 2005; Liu, Duffy, Whit-
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field, Boyle, & McKenna, 2009; Linebarger, De
Spain, McDonald, Spencer, & Cloutier, 2009;
Mostashari & Sussman, 2009; Phillips-Wren
et al., 2009).
Conditions of uncertainty in highly turbulent environments (e.g., crisis response), by
nature, further complicate the SDM process,
and may limit decision making effectiveness
(Ramirez-Marquez & Farr, 2009). At issue
is the presumed need for speed of response
where logic dictates that a satisfactory decision
that is made quickly is superior to an optimal
decision made too late. Two of the most commonly accepted, and widely employed decision
making processes in these contexts are political
behavior and procedural rationality (Fredrickson & Mitchell, 1984; Hart, 1992; Eisenhardt
& Zbaracki, 1992; Dean & Sharfman, 1993;
Hart & Banbury, 1994; Radner, 2000; Hough
& White, 2003; Elbana & Child, 2007). Prior
research advocates that ‘political’ processes
will be more effective in these contexts, and
that ‘rational’ decision processes will be less
effective in unstable environments (Fredrickson & Mitchell, 1984). Subsequent research
considered the effectiveness of processes in
‘high velocity’ environments and advocated that
rational decision-making processes will allow
for faster response and will be more effective
than political decision-making processes in
these contexts (Bourgeois & Eisenhardt, 1988;
Eisenhardt, 1989). Hart (1992) later expanded
on these arguments to develop a framework for
decision-making processes involving a variety
of forms stemming from political or rational
bases, and also argued that ‘rational’ approaches
should relate positively to effectiveness, while
more ‘political’ approaches should not.
Collectively, the literature on the effectiveness of these SDM processes across a variety of
settings is in conflict as some studies suggest
that rational decision-making processes will be
positively related to effectiveness (Bourgeois &
Eisenhardt, 1988; Eisenhardt, 1989; Hart, 1992)
and political decision-making processes will
not be effective (Hart, 1992), while others advocate for political decision-making processes
and against rational decision-making processes

(Fredrickson & Mitchell, 1984). Given this
conflict, and the fact that these differences are
largely unresolved empirically, one contribution
of this study is that we examine the effectiveness implications of political and rational SDM
processes. Through doing so, we offer some
clarification and resolution of the conflicting
predictions and findings of Fredrickson and
Mitchell (1984), Bourgeois and Eisenhardt
(1988), and Hart (1992). Further, while the inclusion of a mediating role for response choice
is well theorized, it is also largely untested
empirically in prior work. Therefore a further
contribution of this study is that we also seek to
take into account this mediating role of choice
on decision effectiveness.
In this study we address several specific
research questions: 1) Does variation in the
decision-making process result in variation in
response choice; 2) Does variation in response
choice result in variation in decision effectiveness; and 3) Can we also trace the effectiveness
of different SDM processes as mediated through
particular response choices? Since management
can influence the SDM processes, question three
is likely to be of more interest than question
two. However, if we only look at the direct
relationship between SDM processes and effectiveness (i.e., Dean & Sharfman, 1996), we
might be attributing differences in effectiveness
to process variation when these variations did
not actually influence choices. Thus, we need
to adequately discern which SDM processes
are more effective in these situations and produce the most effective outcomes. Addressing
these questions helps to clarify the integrated
influences of process and choice on strategic
decision-making effectiveness.
This paper proceeds as follows: 1) We
review related research on SDM, and leverage prior theory to develop hypotheses for an
integrated process-choice-effectiveness SDM
model; 2) We examine the model and hypotheses
through empirical analysis of data from a crisis
response training exercise using an agent-based
simulation decision support system technology;
3) We present and discuss the results of our
analyses in relation to the model and hypotheses;
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and 4) We conclude with a discussion of our
findings along with implications for practitioners and future academic research.

THEORY DEVELOPMENT
Prior work by Dean and Sharfman (1993, 1996)
offers an integrated decision-making model,
for framing this study of SDM process-choiceeffectiveness. Their work examines the assumptions underlying the relationship between
decision-making processes, response choices,
and SDM effectiveness. The model proposes
that variation in decision-making process
(political or rational) will produce different
response choices, which result in variation in
SDM effectiveness. However, empirical testing of their model is limited to the relationship
between political and rational decision-making
processes and variation in effectiveness alone,
excluding the intermediate response choice
variable. As the potential mediating implications
of the response choice intermediate variable are
thereby unexamined, we extend and examine
Dean and Sharfman’s (1996) model to clarify
the conflicting arguments in the prior SDM
literature. We do this through examining the
full model with the inclusion of the mediating
relationship of response choice through our
application to an extreme decision-making
context (crisis response). Our approach is as
follows: 1) We extend Dean and Sharfman’s
(1996) strategic decision-making relationship
and effectiveness model of variation in process,
response choice, and effectiveness by expanding
their effectiveness model to include the potential
mediating effects of intermediate choices; and
2) We then examine the competing arguments
for process effectiveness in this context from
Fredrickson and Mitchell (1984), Bourgeois and
Eisenhardt (1988), and Hart (1992).
In Dean and Sharfman’s (1996) model
variation in the strategic decision-making
process (e.g., Political or Rational approaches)
produce variation in response choice, resulting
in variation in effectiveness. The effectiveness
outcomes therefore depend on the following:

1) The strategic decision-making process
utilized, and 2) The response strategy choices
implemented. In order to clarify the conflicting dominant arguments in the literature for
process effectiveness under uncertainty, as well
as test the theorized mediating role of choice,
we develop several base-line hypotheses to be
roughly consistent with the previous literature.
Replicating Dean and Sharfman’s (1996) model:
Hypothesis 1: Variation in strategic decisionmaking process will be related to variation
in effectiveness.
Examining the sub elements of the implied Dean
and Sharfman (1996) model:
Hypothesis 2: Variation in strategic decisionmaking process will be related to variation
in response choice.
Hypothesis 3: Variation in response choice will
be related to variation in effectiveness.
To examine the full model as proposed by
Dean and Sharfman (1996), which proposes a
mediating relationship but only examines the
direct relationship, we distinguish between the
direct effect of SDM process on effectiveness
(H1) and a mediating relationship acting through
response choice. Whereas, Dean and Sharfman’s
(1996) original model has choice as endogenous
to the strategic decision-making and effectiveness relationship, we model response choice
as an intermediate step and consider this as an
expansion of the strategy decision-making and
effectiveness relationship. We therefore derive
hypothesis 4 to examine whether response
choice has both a mediating and direct effect
on decision effectiveness.
Examining the full Dean and Sharfman (1996)
model:
Hypothesis 4: Variation in strategic decisionmaking process and variation in response
choice will be related to variation in
effectiveness.
To examine the conflict in the literature
regarding the inconsistency among the Fred-
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rickson and Mitchell (1984) and Bourgeois and
Eisenhardt (1988) propositions for uncertain
and high velocity environments, as well as the
Hart (1992) propositions for effectiveness by
type of decision-making process, we develop
hypotheses 5a and 5b:
Hypothesis 5a: In highly turbulent environments, Rational decision-making processes should be positively related to
effectiveness, while Political decisionmaking processes should not have a
positive relationship with effectiveness
(Bourgeois & Eisenhardt, 1988; Hart,
1992).
Hypothesis 5b: In highly turbulent environments, Rational decision-making processes should be negatively related to
effectiveness, while Political decisionmaking processes should have a positive
relationship with effectiveness (Fredrickson & Mitchell, 1984).

ANALYTICAL
CONSIDERATIONS
Study Context
Crisis events (i.e., natural disasters, terrorism,
etc.) are environments characterized by varying
levels of turbulence and ambiguity (National
Commission on Terrorist Attacks, 2004). While
government organizations differ from those in
the private sector, research in the management
field on SDM may be applicable to government
organizations dealing with crisis events. For
example, the core task of organizations is the
creation and/or maintenance of a fit between the
organizations’ internal strengths and capabilities and the demands placed on them by their
environments. Government organizations must
also draw upon unique resources and capabilities across various departments and levels of
government to respond to challenges in their
environments.
Similarly, the levels of turbulence and
ambiguity present in a government agency’s

operating environment may also be direct contributors to the difficulties inherent to SDM in
these contexts. The nature of the environmental
pressure, turbidity, and outcome implications
make this a unique and challenging operating
environment. Prior related work on this topic
from other fields includes the development
of homeland defense strategy for the White
House (USDHS, 2004), the modeling of disease
outbreaks (Rvachev & Longini, 1985; Kuhr
& Hauer, 2001; Kaplan, Craft, & Wein, 2002,
2003; Eubank, Guclu, Kumar, Marathe, Srinivasan, Toroczal, & Wang, 2004; Craft, Wein,
& Wilkins, 2005). Further uses have included
numerous academic, government, and practitioner publications on epidemiological, terrorism
response, and homeland security and defense
strategies (Deutsch, 1963; Hoffman, 1981;
Waugh & Sylves, 2002; Ramirez-Marquez &
Farr, 2009).

Sample Data
We test our model and hypotheses using data
collected from a multi-step approach consisting of an experiment (a U.S. Department of
Homeland Security training exercise called
Measured Response (MR)) in conjunction with
an intelligent agent-based simulation. We use
this data to examine the extended Dean and
Sharfman (1996) model and the associated hypotheses for variation in SDM process, choice,
and effectiveness. We use a computational
experimentation methodological approach to
do this. This approach consists of two steps: 1)
Using a validated survey instrument to collect
data on strategy process and choice from a lab
experiment with actual practitioners grouped
into several response teams; and 2) An intelligent agent-based simulation utilized in the
exercise to produce data on the effectiveness
of the groups’ SDM processes and response
choices. We test our model and its hypotheses
through empirical analysis of a sub sample of
268 combined observations from the survey
and simulation data collected from the exercise.
Measured Response Exercise. The MR
Homeland Security training exercise consisted
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of nine teams of human agents comprised of
three to five individuals each (representing
their actual functional responsibilities in most
cases) to play the roles of the Departments of
Homeland Security (DHS), Health and Human
Services (DHHS), and Transportation (DT) at
the local, state, and federal levels. These human
agents operated in a “Joint Operations Center”
environment where they were able to execute a
variety of decisions and respond interactively to
changes in the simulated environment throughout the exercise.
Simulation Model. The Measured Response training exercise utilizes a synthetic
environment as the decision support system
technology for the exercise. This system uses a
dynamic virtual computer simulation environment to simulate the outbreak and dispersion
of a biological agent on a mid-sized city in
the United States. This outbreak affects tens
of thousands of computer-based intelligent
agents. These agents approximate the diversity
of behavioral characteristics and demographics
of the actual modeled population for the city.
Additionally, we utilized pathogen-specific
data from the Centers for Disease Control
(CDC) in the simulation model to ensure the
attack takes place in a realistic manner on the
virtual population of intelligent agents. Further,
the organizational aspects of the simulation
model incorporate data from actual DHS and
CDC response plans. The simulated scenario
therefore replicates the actual characteristics
of a real-world attack in which the decisionmaking process and response strategy choice
can significantly affect outcomes in terms of
infection rate, contagion spread, population
death rate, and public mood.
Given these factors, these types of decision
support system technologies offer a rich and
dynamic simulation environment, which largely
alleviates the common concerns previously
associated with using simplistic homegrown
or off-the-shelf simulation tools in academic
research (Linebarger et al., 2009; Mostashari
& Sussman, 2009). Specifically, our training
exercise utilizes thousands of different participant decisions on a variety of teams, at multiple

levels, which affect thousands of computerbased agents who respond dynamically to the
collective participant inputs, as well as each
agent’s response behavior to the inputs (See
Chaturvedi, Mehta, & Drnevich, 2005; Harrison, Lin, Carroll, & Carley, 2007 for more
detail on simulation modeling). Additionally,
conflicting criteria prevent exercise participants
from “gaming” the system and drive the multiple
measures of effectiveness. Thus these types of
decision support system technologies offer the
type of rich and powerful research technology
platforms with a high degree of external and
internal validity as well as reliability required
for integrated decision support (Liu et al.,
2009; Linebarger et al., 2009; Mostashari &
Sussman, 2009).

Measures
Dependent variables. The dependent variable
in our study consists of an integrated composite measure for decision effectiveness. This
approach is consistent with recent research
advocating integrated process and outcome
measures for decision-making support system
evaluation (Mora et al., 2005; Phillips-Wren
et al., 2009). While the decision objective is to
contain or control the outbreak and minimize
fatalities, the need to maintain acceptable levels of public mood complicates this objective.
Therefore the decision makers must consider
the outcome of their decisions choices in terms
of containing the outbreak and impact on public
mood. We represent these effectiveness implications through an integrated dependent variable
in the model, which consists of a standardized
weighted composite decision effectiveness
measure of the total number of lives saved
(termed “TLS”) and the public mood improvement (termed “PMI”), to capture the trade-off
in decision-making. We label this dependent
variable decision effectiveness (termed “DE”).
We construct the measure for decision effectiveness through comparing the simulation
output generated during the exercise, with the
base line measures of the simulation produced
under conditions of no intervention after the
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attack to calculate TLS and PMI. Specifically,
we measure the effectiveness of the responders
as the difference between their performance
and the worst-case scenario (no response). We
then construct our measure for decision effectiveness (DE) from a weighted composite
(based on responder biases towards health or
political issues) of the standardized values of the
TLS and PMI measures. We do this to capture
the trade-off in decision-making inherent in
responses to bio-terrorism (outbreak containment versus public mood). The weighting for
the composite measure is determined through
survey measures, which asked the participants
their decision-making priorities in terms of
consideration of health and political issues
in the decision-making process. We measure
these issues relative to the decision maker’s
team and level, and weight the importance of
the respective standardized values of TLS and
PMI to determine a value for the decision effectiveness measure (DE) relative to each level.
Independent variables. The independent
variables in our study consist of the strategic
decision-making process, and the quarantine
strategy choice. The strategy process variables
consisted of measures of the decision-making
process designed to discern procedural rationality (termed “PR”) and political behavior
(termed “PB”) decision processes. We measure
these variables through questions on a survey
instrument which were based on the original
Dean and Sharfman (1993, 1996) questions
leveraging their approach (measured through
several validated questions on a survey instrument using Likert scales, see appendix and Dean
and Sharfman 1993 and 1996 for further detail).
The response choices in the exercise consist of
options for quarantine strategies. Quarantine
strategy response choices include no quarantine
(termed “NQ”), a passive quarantine approach
by city block (termed “CBQ”), and deploying
the military for a more extreme quarantine
approach (termed “EQ”). We measure these
response choices as an input decision to the
simulation on measures for quarantine strategy
response choice (termed “SC”). We code these
variables from simulation input data on a five

point Likert scale, which ranged from least restrictive (1) to most restrictive (5). We collected
the survey measures through a paper instrument
administered at five equal time periods before,
during, and after the five rounds of the exercise.
Control variables. The control variables in
our study include measures to control for potential government level and department affiliation
affects, as well as a participants prior disposition
to health and political issues. We include these
control variables in the event commonalities in
SDM processes or response choice preferences
may exist among certain levels of government
or among specific government agencies. We
further controlled for a participant’s prior disposition to health and political issues to check
to see if alternate factors may be driving the
decision processes or choice preferences. We
depict the variables utilized in the study and
their measures in Table 1.

ANALYTICAL PROCEDURES
Following the coding and compilation of our
sample data, we conducted checks for missing
data, face validity, and multicolinearity. These
checks confirmed that the sample appeared
usable and that the data were within expected
parameters. Further, checks for multicolinearity revealed some minor correlation among
variables, as we expected, which relate to the
nature of the variables under study and their
measures. We list the descriptive statistics and
correlations of these measures in Table 2.
Next, to test our hypotheses, given the
potential for autocorrelation with pooled data,
we use a mixed models repeated measures
design. Since our dependent variable measure
originated as continuous data with a normal
distribution (which we then standardized prior
to analysis), we conducted our analysis using
the MIXED procedure with control for covariance in SAS. Since some of our independent
variables also involve Likert-scale measures,
generalized linear mixed models (e.g., the
NLMIXED or GLIMMIX procedures in SAS)
were also considered (supplemental analysis

Copyright © 2010, IGI Global. Copying or distributing in print or electronic forms without written permission of IGI Global
is prohibited.

International Journal of Decision Support System Technology, 2(3), 1-15, July-September 2010 7

Table 1. Study Variables and Measures
Variable

Description

Measure

PR

Procedural Rationality

Likert scale measured survey data*

PB

Political Behavior

Likert scale measured survey data*

Quarantine Strategy Choice

Scaled simulation input data

Total Lives Saved

Raw # simulation output vs. baseline #

Process Variables

Choice Variable
SC
Effectiveness Variables
TLS
PMI

Public Mood Improvement

Raw # simulation output vs. baseline #

DE

Decision Effectiveness composite of
TLS and PMI

HI and PI weighted composite of standardized
TLS and PMI measures

HI

Importance of Health Issues

Likert scale measured survey data**

Control Variables
PI

Importance of Political Issues

Likert scale measured survey data**

LEVEL

Level of Government

1=Federal; 2=State; 3=Local

DEPT

Department of Government

1=DHS; 2=DHHS; 3=EM; 4=DT

* see Questionnaire in Appendix as well as Dean and Sharfman (1993, 1996) for more detail on the measures of
these variables.
** see Questionnaire in Appendix for more detail on the measures of these variables.

Table 2. Summary Statistics and Correlation Matrix of the Raw Data
Variable

Mean

S.D.

Min

Max

DE

Decision Effectiveness (DE)

305

311

12

1159

1.00

Strategy Choice
(SC)

2.24

0.96

1

4

0.24**

1.00

Procedural Rationality (PR)

3.44

0.87

1

5

0.05

0.19*

1.00

Political Behavior (PB)

2.65

0.70

1

4

0.02

-0.01

0.54**

1.00

Time

2.5

1.12

1

4

0.74**

0.59**

0.18*

0.06

1.00

Level

2.08

0.81

1

3

-0.52**

0.34**

0.09

0.02

-0.01

1.00

Department
(Dept)

2.52

1.13

1

4

0.01

0.01

-0.07

-0.18*

0.0

-0.02

1.00

Health Issues
(HI)

3.91

1.13

1

5

0.04

0.16*

0.50**

0.23**

0.14*

0.13*

-0.22*

1.00

Political Issues
(PI)

2.27

1.17

1

5

0.10

0.01

0.03

0.26**

0.11

-0.04

0.15*

-0.01

†

SC

PR

PB

Time

Level

Dept.

p ≤ .10, * p ≤ .05, ** p ≤ .001
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with this procedure did not reveal significantly
different results among the procedures). Mixed
procedures in SAS allow for true repeated
measures analysis to address the potential for
autocorrelation. In doing so, we use the level
of government as a fixed effect which allows
us to more rigorously assess the models as well
as compare the levels of fit between the direct
and mediated models. In doing so, after first
testing our control variables (models 1 and 3),
in model 4 we test whether effectiveness is a
function of strategic decision-making process
(Hypothesis 1). Next, in model 2, we test
whether response choices are a function of
strategic decision-making process (Hypothesis
2), and in model 5, whether effectiveness is a
function of response choice (Hypothesis 3).
Following the regression testing for these hypotheses, we utilized the results of models to
test for the potential direct versus mediating
role of decision process on choice and effectiveness. We then made comparisons between the
direct relationships of process on effectiveness,
and choice on effectiveness, and the mediating
relationship of process, working through choice,
on decision effectiveness. Through hypothesis
4 we test the full path model to determine if
response choice provides a mediating relationship between SDM processes and effectiveness,
or if the direct effect of SDM process on effectiveness is sufficient without the mediating
relationship. Finally, we sought to clarify the
conflict in the prior literature regarding effectiveness expectations of rational or political
SDM processes in our current context. We
examine this conflict through hypotheses 5a
and 5b. We provide an overview of the results
of this analysis in Table 3, and discuss these
results in the following section.

DISCUSSION OF RESULTS
Overall, when we analyze the direct paths of the
full model (Process on Effectiveness) against
the indirect path (Process through Choice on
Effectiveness) we observe that effectiveness
does indeed appear to mediate process through

choice. We discuss these results in specific detail, in relation to our hypotheses below.

Hypotheses Testing
In Hypothesis 1, we examined whether variation in SDM process relates directly to variation in effectiveness. We observe support for
Hypothesis 1 in model 4; as the coefficient for
political behavior is negative and significant
(see Table 3). Next, in Hypothesis 2, we examined the sub-elements of the model in terms
of whether variation in SDM process relates to
variation in response choice. We observe only
marginal support for Hypothesis 2 in model
2, as the coefficient for political behavior is
negative and marginally significant, while the
coefficient for procedural rationality is positive and marginally significant (see Table 3).
Further, in Hypothesis 3, we examined whether
response choices are significant in explaining
effectiveness. We fail to observe support for
hypotheses 3 in model 5, as the coefficient for
strategic response choice is negative and not
significant (see Table 3). In Hypothesis 4 we
examined the full path (model 6), to determine
if response choice provides a mediating relationship between SDM processes and effectiveness, or if the direct effect of SDM process on
effectiveness (model 4) is sufficient without
the mediating relationship. We observe partial
support for Hypothesis 4 as model 6 shows a
negative, but marginally significant coefficient
for choice, as well as a negative and significant
coefficient for political behavior. Additionally,
we observe an improved goodness of fit in
model 6, which offers some additional support
for Hypothesis 4 in addition to the marginally
significant coefficient for choice in the model
(see Table 3).
Further, to test effectively the apparent
mediating role of response choice on the
relationship between SDM process and effectiveness, Baron and Kenny (1986) indicate
that to establish mediation, several conditions
must hold. These conditions correspond to
finding significant relationships in models 4,
and 6. Since we have significant or margin-
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Table 3. Results of Strategy Process, Choice, and Effectiveness Model Testing
Model

1

2

3

4

5

6

Hypothesis

Controls

H2

Controls

H1, 5a, 5b

H3

H4

Variable

Strategy
Choice

Strategy
Choice

Decision Effectiveness

Decision Effectiveness

Decision Effectiveness

Decision Effectiveness

Procedural
Rationality

0.10†

0.01

0.01

Political
Behavior

-0.10†

-0.03**

-0.03**

Strategy
Choice

-0.01

-0.02†

Level

0.34*

0.34*

-0.51†

-0.51†

-0.51†

-0.51†

Department

0.02

0.01

0.01

-0.01

0.01

0.01

Health Issues

0.02

-0.01

0.01

0.01

0.01

0.01

Political
Issues

-0.06

-0.04

-0.01

0.01

-0.01

-0.01

Df

257

255

257

255

256

254

X

129.18**

124.22**

1044.28**

1061.86**

963.7**

983.58**

593.8

590.4

-376.7

-395.8

-378.2

-398.2

AIC
611.8
612.8
p ≤ .10, * p ≤ .05, ** p ≤ .001

-358.7

-373.8

-358.2

-374.2

2

-2 Log
†

ally significant relationships in these models,
we conclude that response choice mediates
the relationship between SDM process and
effectiveness. Additionally, when we analyze
the direct and indirect paths, the indirect path
through response choice is significant and less
negative for political behavior (see Figure 1).
Therefore as response choice mediates the
relationship, this means that response choice
has a role in influencing SDM effectiveness.
This finding supports including the response
choice variable in the model and appears to
offer an extension of, and empirical support for
the work of Dean and Sharfman (1993, 1996).
†
p≤ .10, * p ≤ .05, ** p ≤ .001
Next, through Hypotheses 5a and 5b, we
seek to clarify the conflict in the prior literature
regarding the competing expectations of rational
or political decision-making processes effectiveness in our current context. In Hypothesis
5a we argued that rational decision-making

processes would relate positively to SDM effectiveness (Bourgeois & Eisenhardt, 1988),
and expected a non-positive effect for political
decision-making processes (Hart, 1992). In
model 4, the coefficient for procedural rationality is positive, but not significant, and the
coefficient for political behavior is negative and
significant (see Table 3). Likewise, in model 6,
the coefficient for procedural rationality positive, but not significant, and the coefficient for
political behavior is negative and significant.
Further, in the path analysis (Figure 1), the
meditated effectiveness of political behavior is
significant, and the effect of the mediated path
is positive when compared to the direct path.
Thus, we conclude that we fail to observe support for Hypothesis 5a. Therefore, our results
appear consistent with the arguments of Hart
(1992) who said political behavior would not
be positive, while they appear to conflict with
the arguments of Bourgeois and Eisenhardt
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Figure 1 Direct versus mediating effects of SDM process and choice

(1988), who advocated that rational processes
would be positive and significant.
In Hypothesis 5b we argued that rational
decision-making processes would relate negatively to SDM effectiveness, and expected a
positive effect for political decision-making
processes (Frederickson & Mitchell, 1984).
However, in models 4 and 6, we observe a positive but not significant coefficient for procedural
rationality. Further, we also observe a negative
and significant coefficient for political behavior
in models 4 and 6 (see Table 3). We therefore
also fail to observe support for Hypothesis 5b,
conflicting with the arguments of Frederickson
and Mitchell (1984) who advocated the use of
political-type processes in these contexts, and
that rational decision processes would have
a negative association with effectiveness in
unstable environments.

CONCLUSION
In this paper we examined the implications of
competing arguments for the effectiveness of
decision-making processes, with the inclusion
of a theorized, but under-examined mediating
role for response choice, in the context of public
sector decision-making under conditions of

uncertainty (i.e., crisis response). In doing so,
we utilized a DMSS technology to develop an
extension of a prior decision model (Dean &
Sharfman, 1993, 1996) with associated hypotheses for SDM process, choice, and effectiveness.
We examined the extended model using data
collected through a computational experimentation approach involving an experiment with
actual decision makers (federal, state, and local
government personnel), and an established and
validated agent-based simulation decision support system (Chaturvedi et al., 2005; Harrison
et al., 2007).

Research Implications
One research implication of this study involves
the expansion and extension of the Dean and
Sharfman’s (1993, 1996) work as well as the
clarification of competing predictions for the
effectiveness of SDM processes. Our finding
of empirical support for the expanded Dean and
Sharfman (1996) model indicates that response
choice may play an important mediating role in
the relationship between SDM processes and
effectiveness. This finding is important because
if we only look at the effect of decision processes on effectiveness, as prior research does
(Dean & Sharfman, 1993, 1996), we might be
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attributing differences in SDM effectiveness to
process variation that did not actually influence
response choice and is therefore not directly
driving effectiveness. Secondly, our extension of Dean and Sharfman’s (1996) model to
complex, turbulent environments indicates the
applicability of the model to extreme contexts,
beyond the more stable context in which it
was originally developed. This observation
indicates further support for the robustness and
applicability for Dean and Sharfman’s (1993,
1996) arguments and model.
Further, we clarified unresolved conflict in
the literature on the effectiveness of SDM processes in turbulent environments, echoing calls
in recent research for more integrative DMSS
approaches (Mora et al., 2005; Phillips-Wren et
al., 2009). The results of our analysis appear to
support Hart (1992) who advocated the negative
effects of political behavioral processes in such
contexts. However, our observations conflict
with the work of Bourgeois and Eisenhardt
(1988), who advocated rational processes, as
well as those of Frederickson and Mitchell
(1984) who advocated political-type processes
in these contexts. Based on our current study,
while we can’t advocate the benefits of utilizing
rational decision-making processes (Bourgeois
& Eisenhardt, 1988), we conclude that political
decision-making processes do clearly appear
to undermine SDM effectiveness (Hart, 1992).
This finding may hold interesting managerial
implications for practice in crisis response and
potentially other analogous contexts.

Managerial Implications
In terms of managerial implications, we
sought to discern which response choices are
most effective in these contexts and which
decision-making processes produce more effective responses. Given the critical nature of
decision-making under the high uncertainty and
risk in our context, we harbored concerns that
currently observed SDM processes in practice
(often political) may be sub-optimal and even
detrimental to effectiveness. For example, we
expected that as quarantine measures become

more restrictive, we would save more lives, but
that we would adversely affect public mood
so decision makers would be hesitant to make
these choices. However, we found that in the
context and duration of this exercise, more
restrictive quarantine measures may actually
adversely affect both the total number of lives
saved as well public mood. Further examination of this finding reveals that this observation
may be due to the short-term localized effects
of aggressive quarantine strategies, which are
highly restrictive, and may potentially constrain
healthy subjects to contaminated areas thereby
subjecting them to infection. In the short-run,
this would decrease the number of lives saved
and public mood in comparison to less restrictive
quarantine strategies. However, over longer time
periods, highly restrictive quarantine strategies
theoretically should still be more effective than
less restrictive ones in terms of total lives saved
at the state and national levels, as they should
help to prevent a localized event from becoming
a widespread epidemic. Finally, this observation
provides insight into the complexity of SDM
in this context, in that it is likely important to
implement screening and evacuation responses,
in conjunction with quarantine responses, to
attempt to reduce the adverse impacts of quarantine strategies to healthy subjects within the
containment zones.

Limitations and Future Research
Limitations. This study is subject to a number
of potential limitations, which should be considered when interpreting our findings and observations. The first potential limitation is sample
size (268 observations from one experiment).
Future research on these constructs and their
relationships in these contexts may wish to utilize larger samples over longer periods of time.
Second, given the need to maintain the realism
of a homeland security training exercise and to
utilize decision-makers in their real-life roles,
we could not randomly assign our treatment
groups. Third, while we attempted to control
for the prior disposition of the experiment’s
participants towards political or health issues, it
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is still possible that such factors may influence
in the SDM processes, response choices, and
their effectiveness. Fourth, there is also the possibility of other alternative explanations to the
observations of this study, which could also be
a plausible explanation for some of the results.
Future Research. This study raises several
important questions that may hold numerous
implications for research in the management
and public policy areas. Some of these questions
are: How can political processes be discouraged,
and how can we mitigate their detrimental effects; and to what extent might predisposition
towards a decision-making process impact
response choice and/or SDM effectiveness?
In particular, we suggest further research into
both the impact of decision-making process,
and the mediating role of response choice, in
both public and private sector settings under
conditions of high risk and uncertainty.

CONCLUSION
Through this paper, we demonstrated the
importance of response choice as a mediating factor in the SDM process - effectiveness
relationship. Further, we have illustrated that
the theory, models, and methods developed
through research in the field of management
may apply to other, more turbulent contexts
such as public sector crisis response (Hoffman,
1981; Green & Kolesar, 2004). We hope our
work may provide some motivation for further
research on SDM effectiveness as well as the
application of management research and models
to unconventional settings such as terrorism
and crisis response.
In terms of which SDM processes appear
most effective, we conclude that overall, while
we fail to find support for rational decisionmaking processes, the effects of political approaches are significantly more negative on
effectiveness in our current context. Further, the
key finding that response choice may mediate
some relationships between SDM processes and
effectiveness is potentially quite important. This
finding indicates that process alone may not be

sufficient to explain effectiveness, but rather it
is the compound effect of the decision-making
process and response choice that is important
for response effectiveness. We hope that these
findings may provide some insight for future
research and practice to improve SDM effectiveness, and demonstrate the usefulness
of DMSS technologies for such environments
(Mora et al., 2005; Phillips-Wren et al., 2009;
Ramirez-Marquez & Farr, 2009), while hopefully increasing the likelihood of an effective
response to an actual event.
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APPENDIX 1 - SELECTED MEASUREMENT ITEMS
FROM EXERCISE QUESTIONNAIRE
Table 4.
Survey Question

Not at
All

Moderate

Extreme

Measures for Procedural Rationality:
How extensively did the team look for information in making a
decision?

1

2

3

4

5

How extensively did the team analyze information before making
a decision?

1

2

3

4

5

How important was the analysis (if any) in making the decision?

1

2

3

4

5

How effective was the team at focusing attention on relevant
information?

1

2

3

4

5

Were team members primarily concerned with the situation’s needs?

1

2

3

4

5

Were team members primarily concerned with their organization’s
needs?

1

2

3

4

5

Were team members open about their interests and preferences?

1

2

3

4

5

Were team decisions arrived at through power and coercion?

1

2

3

4

5

Were team decisions arrived at through negotiations?

1

2

3

4

5

Were Political Issues a factor in the team’s response strategy?

1

2

3

4

5

Were Health Issues a factor in the team’s response strategy?

1

2

3

4

5

Measures for Political Behavior:

Measures for weighting Decision Effectiveness:
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An Empirical Study of Group
Awareness Information
in a Web-Based Group
Decision Support System
Nipat Jongsawat, Siam University, Thailand
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ABSTRACT
Group awareness information is important information for group work. It represents group members’ roles
and responsibilities, their positions on an issue, their status, and the state of various group processes. The
group awareness information presented in this article is designed to capture group member activities and
their behaviors in web-based collaborative work. In this article, group awareness information is represented
with a visual display and consists of activity and availability information. The application of this proposed
scheme is designed and implemented in a web-based group decision support system. This article reports on
the results of a study that examined group performance on a given task in a web-based group decision support
system with and without group awareness information. The study examined how group awareness information
impacts the quality of the work effort and a given task, group decision making by members in the same group
and different groups, the communications among group members in the completion of an online collaborative
authoring task, the cohesiveness among group members in a web-based group decision support system, and
the commitment/disposition of group engagement.
Keywords:

Activity Information, Availability Information, Commitment/Disposition Information, Group
Decision Making, Nominal Group Technique, Web-Based Group Decision Support System

INTRODUCTION
In a traditional or face-to-face group meeting
and/or group decision support system, group
members working in close physical proximity
have access to a large amount of information
about one another. This includes such things

DOI: 10.4018/jdsst.2010070102

as the presence or absence of members of the
work group, what they are working on, who
they are working with, how actively they are
working, how they feel physically and emotionally, etc. This information is obtained directly
through communication and indirectly through
observation of shared artifacts (BeaudouinLafon, 1994). Computers are being used more
frequently to assist in cooperative tasks (Ellis,
Gibbs, & Rein, 1991). When people collaborate
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via computer mediation, this information and
the opportunity to access it are diminished.
Increasing the amount of information about
group availability in a computer mediated collaborative support system should increase the
group’s ability to complete a task. When people
work together, they share a task on which they
cooperate, one or more artifacts, and a social
context. Supporting awareness of the activity
of other members in a collaboration team and
of changes in the shared work materials is very
important in collaborative work systems (Brown
& Duguid, 1994). Tatar et al. (1991) found that
people required up-to-date information about
others, e.g., who just made a modification,
to collaborate effectively in “What You See
Is What I See” (WYSIWIS) systems. Moran
and Anderson (1990) suggests that awareness
information is important because it provides
information about availability in an indirect way.
Generally, people pay attention to the activities
of others. The presence and behavior of other
people helps to define the meaning of situations
for an individual and can have an influential
effect on his or her behavior, attitudes, and
feelings in interaction in group-work situations
(McGrath, 1984). This research outlines issues
and opportunities related to the use of tools to
improve collaboration. Specifically, it discusses
increasing awareness information and information about the status of individuals contributing
to collaboration.
Research on computer-supported communications has been on going for over twenty
years. A variety of computer-mediated systems
have been developed to support group meetings.
Group Decision Support Systems (GDSS) have
been defined as “an integrated computer-based
system to facilitate the solution of unstructured
or semi-structured tasks by a group that has
joint responsibility for performing the specific
task” (DeSanctis & Gallupe, 1984). Power et
al. (2002) defines a web-based decision support
system as a DSS built with web technologies
so that the DSS users can access it with web
browsers deployed on corporate intranets to
support internal business processes or they can
be integrated into public corporate web sites

to enhance services for trading partners. The
goal of a web-based GDSS is to achieve a final
group decision with a high level of quality and
effective consensus of needs. Web-based GDSS
has been well established and continually developed since the year 2000. Researchers have
proposed various methods for web-based GDSS
in order to achieve the highest quality of group
decisions or tasks. In this article, we propose
methods of designing and establishing group
awareness information as visual information
in a web-based group decision support system
and presenting the awareness information to
group members when they work together on
given group tasks. The article is organized as
follows: more detail about various aspects of
awareness information is presented. The design
and implementation of group awareness information in a web-based GDSS is described in
more detail. The methodology of the experiment
that was performed and the experimental study
and the results are given.

BACKGROUND
There are a number of theories concerning
awareness information and cooperative work,
but this article only discusses a subset of them.
The specific theories discussed have been chosen because they appear to be most applicable
to the analysis and design of group awareness
information in a web-based group decision
support system.

AWARENESS INFORMATION
The word awareness, when used in the context
of computers, can be defined in many different
ways depending on how it is applied and who
applies it. Awareness is “an understanding of the
activities of others, which provides a context to
your own activity” (Dourish &Bellotti, 1992).
Greenberg and Johnson (1997) present three
steps that must be taken to support awareness in
collaborative work. First, determine what people
need to know about others in the work setting.
This information could be used to model the
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framework of what people need for maintaining
awareness in the groupware setting. Second,
consider how that knowledge can be gathered
and interpreted as part of the information available in the groupware setting. Third, determine
how to display that information so that people
can obtain and use the knowledge naturally and
effortlessly. Maintaining awareness information
in a work setting uses two mechanisms. The
first is communication, which can be direct or
indirect. People in a work setting may inform
others by communicating about where they are
going to work and what they are going to do.
Second, people can gather awareness information by watching others work or by noticing
the effects of their actions, which is observation (Gutwin & Greenberg, 1997). Therefore,
groupware needs an interface through which
to present awareness information. The system
displaying awareness information must provide
some balance between providing awareness and
distracting people from their tasks or violating
an individual’s privacy by providing too much
information. These decisions are complicated
in that “awareness” as a natural phenomenon
is difficult to observe because it is a cognitive
activity. Good metrics of “awareness” do not
exist (Greenberg & Johnson, 1997).

Type of Awareness
There are several kinds of awareness that can
be seen in group work. Gutwin et al. (1995)
provides four types of awareness in group work.
Informal awareness: A general knowledge
of who is around and what they are doing. They
are the kinds of things that people know when
they work together in a face-to-face environment. This kind of awareness can facilitate
causal interaction.
Social awareness: Social awareness is awareness about the social situation of the group
members, i.e., awareness about what they
are doing, what they are talking about to
someone, if they can be disturbed, whether
another person is paying attention, their
emotional state, or their level of inter-

est, etc. Social awareness is maintained
through conversational cues such as
through non-verbal cues like eye contact,
facial expression, and body language.
Group-Structural awareness: This relates
to the knowledge about people’s roles and responsibilities, their positions on an issue, their
status, and the state of various group processes.
Workspace awareness: This is the collection of up-to-the minute knowledge a person
holds about the stage of another’s interaction
with the workspace. Workspace awareness
emphasizes the role of the workspace in a collaborative activity.
There are other kinds of awareness discussed in the literature, which are organizational
awareness and situation awareness. Organizational awareness represents the relationship of
people, knowledge of how the group activity fits
in with the larger purposes of an organization,
their rational for being together and their shared
knowledge (Gutwin, Roseman, & Greenberg,
1996). Situation awareness is explained as an
understanding of the components in the environment at a particular moment in time and
space, the comprehension of their meaning and
the projection of their status in the near future
(Endsley, 1995). Situation awareness changes
depending on the perceived significance of
situational information, sometimes moment by
moment, in a dynamic environment (Endsley,
1995). Situation awareness was described in
the U.S. Force’s Intraflight Command, Control,
and Communication Symposium final report
(1986) as the single most important factor in
improving mission effectiveness. The maintenance of social awareness in distributed groups
has been explored in CSCW through desktop
videoconferencing (Borning & Travers, 1991),
video tunnels (Buxton, 1993), or the mixing of
video and computational workspaces to allow
eye contact within a work surface (Gutwin,
Roseman, & Greenberg, 1996; Ishii & Kobayashi, 1992).
This article has developed an application
to support informal cooperation for an online
work group and group decision making by
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using awareness information displayed in a
web-based environment that uses the following information: activity, and availability. The
activity and availability information appear as
a visual display and changes in real-time when
the group begins working together. Commitment/disposition information is captured during
collaborative work and summarized when they
finish group work. Awareness information used
in a web-based GDSS, in this article, is defined
as group awareness information.

Related Work
Collaborative systems have endeavored to support the accomplishment of tasks. A number of
collaborative systems have attempted to build
the same atmosphere of causal awareness and
informal interaction between people in separate places. These systems utilize a range of
techniques that range from symbolic systems
through media spaces to support distributed
work groups through access to information
that supports generate awareness (Dourish &
Bly, 1992). There are three types of techniques
and systems that support awareness: Real Time
Systems, 3D Virtual Spaces Systems, and
Symbolic Systems (Spring & Vathanophas,
2003). In this section, only the work related to
symbolic systems are described because it is the
area related to the work reported in this article.
Spring et al. (2003) presents an awareness
tool in CASCADE (Computer Augmented
Support Collaborative Authoring and Document Editing). CASCADE was designed to
allow groups of people to work together on
documents. One goal of CASCADE was to
reduce the cognitive overhead in the authoring of structured documents by employing a
variety of information streams, augmented
processes and software tools. An awareness
tool in CASCADE presents the user with a
set of pictures of group members who are currently using CASCADE. As the group members
start and stop sessions, the gallery of pictures
is updated to reflect the identity of members
who are available. Clicking on a picture starts
an interactive talk session with the selected

user. A social awareness tool was integrated
into a version of CASCADE. The awareness
tool shows the level of user activity, the current
focus of their efforts, and their disposition for
engagement. The awareness information presented is generated from user activity and tied
to individual documents. It is constantly updated
based on the activity of group members. The
sharpness of the image is a reflection of how
active they are. Jongsawat et al. (2009) presents
a prototype of group awareness information in
a web-based group decision support system.
They proposed and designed three factors that
group members use in assessing others socially
in an online collaborative work situation. These
three factors consist of activity, availability, and
commitment/disposition information. They also
proposed an experimental design for online
collaborative work in order to study how group
awareness information impacts the quality of
the work effort on a given task, group decision
making by the members in the same group and
different groups, the communications among
group members in the completion of an online
collaborative authoring task, the cohesiveness
among group members in a web-based group
decision support system, and the commitment/
disposition to engage each member of the group.
The purpose of this article is to conduct
an experiment described in the previous article
in order to test the predefined hypothesis set.
The details of group awareness information are
described in the next session.

DESIGN AND
IMPLEMENTATION OF GROUP
AWARENESS INFORMATION
IN WEB-BASED GDSS
Three factors in Group
Awareness Information
There are a variety of factors that people use
in assessing others socially in a collaborative
work situation. In this research on a web-based
group decision support system, activity and
availability are selected as two factors for
transforming the captured data into visual data.
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They are displayed in the World Wide Web
environment. The commitment/disposition
information is captured during group work
and summarized at the end of the group work
task. There are various operational definitions
for each of these factors. They are operationally defined in our web-based group decision
support system as follows:
1. Activity Information is information
about what others in a group are doing or have
done. It was operationally defined as the sum
of the amount of content that a group member
edits in the work space (web page) each time
divided by the number of minutes for editing
content each time + the sum of the amount of
content for each comment that a group member
generates for other group members divided by
the number of minutes for editing comments
each time, see (1). The formula is shown below:

Activity =
				

it was accessed, the number of minutes used
when the content was added or edited, and the
number and amount of comments that a group
member generates. The higher the activity value
of a group member, the more active he or she
has been doing his or her work.
2. Availability Information is information
about who is around and available for others
in the group at any point in time. It was operationally defined as the number of minute(s)
connected divided by the expected number of
minutes connected (determined per task) + a
self assessment rating of how busy each group
member is + a rating of the delta of availability + a degree of activity, see (2) and (3). The
delta factor indicates whether group members
are becoming more or less available over a set
of time periods. That is, it indicates whether
availability is increasing or decreasing. The
formula is shown below:

Availability =
(1)
				

Note that n is the number of times a group
member accesses the web page for editing the
contents. m is the number of times a group
member generates comment(s) to other group
members. Both m and n are set to timeout (no
count) if a group member accesses the web page
for more than five minuets and edits nothing.
NoOfContentWord is the number of words
(content) a group member edits in the work
space. NoOfCommentWord is the number of
words/comments a group member generates to
other members. MinContentEdit is the number
of minute(s) a group member spends in editing the contents in the work space. MinCommentEdit is the number of minute(s) a group
member spends in generating each comment.
The formula attempts to capture some sense
of how active and how engaged, an individual
is with respect to group work in a web-based
group decision support environment. Activity is
defined in this study as a function of the size of
the content of a web page, the number of times

(2)

Pn

= (Pi + … + Pn−2 + Pn−1 + Pn
(n − 1)

				

(3)

Note that MinConnected is the number of
minute(s) that a group member connects to the
system to complete a task over a given period.
ExpMinConnected is the number of minute(s)
that a group member is expected to spend on
a task over a given period. Current Life Rating (CLR) is self assessment. Group members
rate their current life using a Likert scale of 5
to 1 (very busy, busy, normal, not busy, and
comfortable), respectively. ExpMinConnected
and CLR are obtained from individuals who fill
out a pre-experiment questionnaire that asks
about these two variables. ΔP is the number of
minutes connected in time n over number of
minutes connected in any period of time from i
to n for a particular user where Pi is the number
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of minutes connected in time i (starting period);
Pn-2 is number of minutes connected in time n-2;
and Pn is number of minutes connected in time
n (ending period). ACT is the degree of activity.
It is obtained from the calculation of activity
shown in the previous formula using a Likert
scale of 5 to 1 (not active, less active, fair, active,
and very active), respectively. If the availability
value is high, it means that a group member
is less available for other members because
he or she probably has a lot of things to do at
the moment and have no room for other tasks.
In social relationships, members use availability information to help them process their
interactions in an environment (Moran & Anderson, 1990). On one hand, availability of other
members in a group can be perceived through
their reliability, work ethic, or productivity. If
we can rely on a person in our group, we consider that person as an available member. If a
person works very hard or more than would be
expected, we could say that a person should be
available for others. If a person doesn’t work
very hard, we might think that they would not
be available for helping others in completing a
task. On the other hand, if a person is working
and still has time left, we might also consider
that person as an available member. In this
case, it is an availability to do more work. If
a person is working longer than the expected
time to complete a task, we might consider that
person to be not available.
3. Commitment/Disposition is defined as
information about how willing a group member
is to do more work, which includes how he or
she views the task, group work, or the members in a group work positively or negatively.
Operationally, this value was calculated as a
group assessment value + NoOfComment(s) +
NoOfResponse(s), see (4) and (5). The formula
is shown below:

(4)

GA =

(5)

Note that GA is Group Assessment. It
is calculated as shown in (5). GS is a group
score that is generated by each group member
by rating his or her group for commitment/
disposition for engagement using a scale from
1 to 5 (lowest, low, medium, high, and highest).
Wi is a uniform distribution of the weight. For
example, if the number of members in group is
5 then w1 is equal to 0.2, which is also equal to
w2, w3, w4, and w5. The value n is the number
of members in group. There are questions in
the pre- and post-questionnaires about how
users feel toward each section in a given tasks,
and how they feel about other group members.
NoOfComment(s) is number of comments that
a group member generates to other members
during a working period. NoOfResponse(s) is
number of responses, answers, or suggestions
that a group member posts to other members
in the chat room during a working period. The
irrelevant comments and responses to the task
are eliminated. If a group member generates
more comments and responses to others and/
or has a positive attitude towards the task or
other members in the group, he or she tends
to have a high commitment for accomplishing
a group task.
This information endeavors to capture the
feelings of a person toward other members, the
behavior of the person, a particular content aspect in the work space, and how much a person
contributes to a group task using the number
of comments and responses in group work,
which have been made, by the members in the
same group. This information is not shown
as the visual display during group work. It is
concluded at the end.

WEB-BASED GROUP DECISION
SUPPORT SYSTEM
This article presents a group decision support
system with group awareness information in
a web-based environment called a web-based
GDSS. It is designed and implemented by following the Nominal Group Technique (NGT).
The NGT technique is a structured decision
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making technique widely used both in industry
and academia as a tool to aid in planning and
decision-making processes (Paulus, Larey, &
Dzindolet, 2000). Paulus’ cognitive theory of
group creativity suggests conditions under
which cognitive stimulation can be observed in
groups. The theory suggests that sharing ideas
within a group stimulates additional generation
and association of ideas. The Nominal Group
Technique provides an advantageous environment to stimulate creativity since it allows for
the silent generation of ideas, which then are
shared by the group. The technique has been
recognized as a way to equalize participation,
tolerate conflicting ideas and stimulate the
generation of ideas by sharing them with the
group (Delbecq, Ven, & Gustafson, 1975).
When groups generate ideas using brainstorming, the competing demands of generating their
own ideas and also processing the ideas of the
others has been observed to divide the participants’ attention (Paulus, Larey, & Dzindolet,
2000; Mulligan & Hartman, 1996). Paulus and
Yang recognize that if, after brainstorming,
individuals are provided with an opportunity
to generate additional ideas on their own; the
impact of cognitive stimulation may become
more evident (Paulus & Yang, 2000). Nominal
Group Technique seems to provide the appropriate environment for cognitive stimulation
while encouraging creativity (Delbecq, Ven,
& Gustafson, 1975). The NGT session in webbased GDSS consists of the following phases:
•
•
•
•
•
•
•
•

Presentation of the task statement
Fill out a pre-experiment questionnaire
Idea generation
Round robin (optional)
Clarification or evaluation of each idea/
solution
Voting and ranking all ideas/solutions
Final discussion (optional)
Fill out a post-experiment questionnaire

In the web-based GDSS used for this experiment, a script was created so that all sessions
would be as consistent as possible. A web site

was specifically designed to conduct the NGT
group work through a computer (web browser).
Process support for the participants was provided through the site by instantaneous instructions on each step of the process. The web site
has three main features, a built-in pre-session
questionnaire, working area session and tools
(edit/ ranking pages, comment/ communication
tools), and a built in post-session questionnaires.
Initially, group members are asked to complete
the pre-experiment questionnaire when they
enter the web site. It takes twenty minutes
to complete this session. Once the questionnaire is completed, they are directed onto the
second part, which is a working area session,
starting with instructions for group work. The
group facilitator utilizes fifteen minutes for
explaining the instructions. After explaining the
instructions carefully, they are asked to login
to their session with the given username and
password. Next, the decision process begins
with the idea generation phase (thirty minutes).
During this phase, they individually spend time
generating ideas to perform their given tasks on
the individual web page. Next, they enter the
brainstorming phase for forty-five minutes. In
this phase, they are allowed to communicate
with each other by using a chat room (interaction
screen) provided for each group. They can ask
questions and discuss ideas with other members in the same group. They can collaborate
or help each other to solve the given task and
generate more ideas. Each group member can
also use a comment tool for sending comments
or recommendations to other members in the
same group. Next, they enter the clarification
phase for twenty minutes. All members have
time to refine their task by working in their own
session such as the option to clarify, reword,
add or group the ideas if needed. During this
phase, every member spends most of the time
trying to improve their individual tasks. The chat
room is not available during this phase. Then,
each member has to select their seven preferred
ideas to be scored by the other group members
in the same group. Next, they are directed to the
scoring and ranking phase for twenty minutes.
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They are asked to give a score for the other
group member’s listed ideas or solutions. Each
item uses a scale of 1 to 10 (one being worst and
ten being the best). He or she cannot assign a
score to himself/herself. The total score of each
listed idea for each member is calculated and
uploaded to the web site. The top seven ideas
or solutions with the highest score are selected
and used as the representative solutions for the
group. They are further sent to three judges to
be scored after finishing the experiment. Finally,
they fill out the post-session questionnaire. It
takes twenty five minutes to complete this last
session. Pre- and post session questionnaires are
used to capture some dependent variables from
individuals. Some variables from the pre-session
questionnaires such as current life rating (CLR)

and expected minutes connected are obtained in
order to generate availability information. Some
variables from the post-session questionnaires
are used for making conclusions for hypotheses.
A simplified scheme of the GDSS web site
architecture is shown in Figure 1.
The members in the group that are allowed
to see awareness information can see a visual
display of group awareness information by
clicking the link anytime during their work (see
Figure 2). The activity and availability information are automatically updated when the user’s
information has been changed. The working
period for each session is specified in an instruction. Time limitation is assigned for each session.

Figure 1. GDSS web site architecture
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THE GROUP AWARENESS
INFORMATION AS VISUAL
INTERFACE IN WEB-BASED
GDSS
Given the operational definitions, there are a
variety of ways to present group awareness
information. In the literature, Spring and
Vathanophas (2003) presents a social awareness tool in CASCADE that shows the level of
user activity, the current focus of their efforts,
and their disposition to engagement. In their
work, activity information is represented by
the fuzziness of an image. Pictures of a user
are sharp if the activity is high and fuzzy if the
activity is low. The resolution is relative to all
members in a team for a particular document.
Availability information is shown by a slide bar
with the indicator moved to the right indicating
higher availability. Commitment/ Disposition
information is depicted by using color. Pictures
of users will be green if the disposition value

is positive and red if negative. The amount of
red/green will be relative to all members in a
team for a particular document. All kinds of
information shown above are presented in realtime collaborative work on CASCADE. The
findings in their study about awareness tools
are contrary to the existing theory. Their study
expected that the group with awareness tools
could produce better quality work for a group
task. In fact, the awareness tools had a negative
effect on their performance. Participants gave
comments at the end of the experiment that
the design of the awareness tool was difficult
to understand. Furthermore, they reported that
participants may not have felt attached to their
pictures in the awareness tool. Because the
experimental protocol regulation prevented
taking photographs of participants to post on the
computer screen, all pictures in the awareness
tool were neutral and looked the same. It may
even be the case that the functional use of the

Figure 2. Member activity (group awareness information) link in web-based GDSS
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simpler awareness tools would lead to a better
performance in group tasks.
Their experimental results are incorporated
into our study for improving the visual display
and finding ways to better represent the different kinds of awareness information in a WWW
environment. Given a desire to code the group
awareness information, a minimalist visual
display was chosen. Using small smiley icons
with a short explanation were considered. Small
smiley icons were chosen because people are
familiar with them and using icons plus a short
explanation people can understand them easily.
The visual display of group awareness information in a web-based GDSS for individuals
and groups is shown in Figure 3 and Figure 4,
respectively. A popup message dialog box of the
visual display of group awareness information
in a web-based GDSS for individuals in the
group is presented every five minutes during
group work (see Figure 5). The screenshots of
a comment tool and chat room are shown in
Figure 6 and Figure 7, respectively.

METHODOLOGY
A controlled laboratory experiment was undertaken to examine the effects of the use of a
web-based group decision making technique

with and without group awareness information.
The main purpose of this study was to analyze
the following factors in a web-based GDSS with
and without group awareness information: the
quality of the work effort and a given task, group
decision making by the members in the same
group and different groups, the communications
between group members for the completion
of an online collaborative authoring task, the
cohesiveness among team members in a webbased GDSS, and the composition/disposition
of engagement for social group work.

PARTICIPATIONS
Sixty undergraduate students in the computer
engineering department at Siam University were
recruited to participate in the experiments. They
were randomly formed into two groups (group
A: morning session and group B: afternoon
session) of thirty in each group. They were randomly assigned to sub-groups of five members
in each group. Six sub-groups were formed for
each session. The first three groups (group 1, 2,
and 3) could see group awareness information
and the last three groups (group 4, 5, and 6)
could not see any group awareness information. Demographic data were collected on age,
gender and the background of the participants.

Figure 3. The visual display of group awareness information in web-based GDSS for individuals in the group
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Figure 4. The visual display of group awareness information in web-based GDSS for all six groups

Figure 5. Popup message dialog box of visual display of group awareness information in webbased GDSS for individuals in the group

Specifically, ages ranged from 21 to 40 years
old. With respect to gender distribution, 22%
of the participants were female and 78% male.

MATERIALS
Participants in the experiment were provided
with individual computer terminals with a

standard web browser. The group facilitator
also used a personal computer to access the
web site for explaining the instructions for
group work on a step by step basis for the
experiment. Participants were only allowed to
use their individual computer terminals with
the provided tools such as an online chat room/
comment tool for communication during the
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Figure 6. Screenshot of a comment tool in web-based GDSS

Figure 7. Screenshot of an online chat room in web-based GDSS
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experiment. The web-based GDSS application
was developed using a wiki-style, WikkaWiki.

RESEARCH QUESTIONS
The first research question (Question 1) was
established based on the assumption that the
group awareness information should stimulate
the group members to generate more ideas,
comments, recommendations, communications,
and finally produce a better quality task result
than the group members without group awareness information. The mean quality score on a
task produced by group member with group
awareness information should be significantly
higher than the mean score on a task produced
by a group member without group awareness
information.
Question 1: Do group members achieve
a higher quality score for a given task in a
web-based GDSS with group awareness information than they do without group awareness
information?
H0: There will be no significant difference
between the mean quality score of a task solution
produced by groups working with and without
group awareness information in a web-based
GDSS. (H0: µ with group awareness = µ without
group awareness)
H1: The mean quality score of a task solution
produced by groups working with group awareness information will be significantly higher
than the mean score of a task solution produced
by groups working without group awareness
information. (H1: µ with group awareness > µ
without group awareness)
The second research question (Question
2) anticipated that the group awareness information should affect group decision making
by members in the same group. The group
members with higher activity and availability
scores should obtain a higher voting score for
their individual task or solutions from the other
members in the same group.
Question 2: Does group awareness information affect group decision making by the
members in the same group?

H0: There will be no significant difference
between the mean voting score produced by
each group member in groups working with
and without group awareness information in
web-based GDSS. (H0: µ with group awareness
= µ without group awareness)
H1: The mean voting score produced by
each group member in groups working with
group awareness information will be significantly higher than the mean score of a solution
produced by groups working without group
awareness information. (H1: µ with group awareness > µ without group awareness)
The third research question (Question 3)
anticipated that group awareness information
representing the group should affect the members in different groups in the sense of competing
with other groups that are more active or obtain
a higher activity value than they do.
Question 3: Does group awareness information affect the members in different groups in the
sense of competing or overcoming other groups
that are more active or obtain a higher activity
value than they do for the same given task?
H0: There will be no significant difference
between the mean voting score of a group produced by each group member with and without
group awareness information in web-based
GDSS. (H0: µ with group awareness = µ without
group awareness)
H1: The mean voting score of a group
produced by each group member with group
awareness information will be significantly
higher than the mean voting score of a group
produced by each group member without group
awareness information. (H1: µ with group awareness > µ without group awareness)
The group awareness information should
stimulate group members to produce a higher
number of communications in the same group.
The number of communications generated is
expected to be increased because of group
awareness information.
Question 4: Do group members produce
a higher number of communications in a webbased GDSS with group awareness information than they do without group awareness
information?
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H0: There will be no significant difference
between the mean number of communications
occurring among group members with and without group awareness information for solving a
given task in a web-based GDSS. (H0: µ with
group awareness = µ without group awareness)
H1: The mean number of communications
occurring among group members with group
awareness information will be significantly
higher than the mean number of communications occurring among group members without
group awareness information. (H1: µ with group
awareness > µ without group awareness)
The cohesiveness among group members
is expected to be higher because of group
awareness information. When the number
of communications in a group increases, the
cohesiveness among group members should
also increase.
Question 5: Do group members achieve
higher cohesiveness among themselves for a
given task in a web-based GDSS with group
awareness information than they do without
group awareness information?
H0: There will be no significant difference
between the mean value for cohesiveness occurring among group members with and without
group awareness information for solving a
given task in web-based GDSS. (H0: µ with
group awareness = µ without group awareness)
H1: The mean value for cohesiveness occurring among group members with group awareness information will be significantly higher
than the mean value for cohesiveness occurring
among group members without group awareness
information. (H1: µ with group awareness > µ
without group awareness)
Lastly, the commitment/ disposition for the
engagement of each member of the group is expected to be higher because of group awareness
information. The group awareness information
should stimulate individuals to have a positive
attitude toward the task or other members in
the group. Finally, they tend to have a higher
commitment for accomplishing a group task
and should be willing to do more work.
Question 6: Do group members achieve
higher commitment/disposition of engagement

for accomplishing a group task in a web-based
GDSS with group awareness information than
they do without group awareness information?
H0: There will be no significant difference between the mean value of commitment/
disposition occurring among group members
with and without group awareness information
for solving a given task in a web-based GDSS.
(H0: µ with group awareness = µ without group
awareness)
H1: The mean value of commitment/
disposition occurring among group members
with group awareness information will be significantly higher than the mean value of commitment/disposition occurring among group
members without group awareness information.
(H1: µ with group awareness > µ without group
awareness)

THE EXPERIMENTAL
TASK STATEMENT
Participants in each group had to perform a
decision-making task. We used McGrath’s
concept of a decision making task as one that
does not have a demonstrably correct answer
(McGrath, 1984). The same task is assigned to
each individual in a group. Every group also
performs the same task. The task statement was
defined as follows: ‘‘What are the specific action items, plans, analysis tools, development
tools, methodologies or strategies that will
make your department a better institution in
both theory and practice and be able to get a
top three department rankings in 2010? Please
give reasons to support your answers.’’

Variables
The dependent variables in this experiment
were: the number of ideas and solutions generated by each group member, the level of quality
of the given task solutions, perceived level of
group decision making with and without group
awareness information, number of communications among members of the same group, the
amount of cohesiveness among group mem-
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bers, and the composition/disposition value for
engagement.
The number of ideas/solutions generated
by each group member was measured using
individual web page files during group work.
The level of quality of the given task was
measured by the average score from the three
judges. The level of group decision making
with and without group awareness information
was measured by the average voting score that
each group member assigned to the other group
member’s tasks and the score obtained from the
questions in post-questionnaire. The number of
communications among members of the same
group was measured using the log files of the
comment pages and chat room. The amount
of cohesiveness among group members was
measured based on the number of communications among members and the score obtained
from the questions in post-questionnaire. The
composition/disposition value was measured
based on the score obtained from the questions
in pre and post-questionnaire. The independent
variable was the NGT session in a web-based
GDSS, which consisted of two types: with and
without group awareness information.

The Study and Results
In assessing the impact of group decision making
with and without group awareness information,
we intended to study both a controlled experimental setting and in a field test. However, this
research primarily focused on the controlled
experiment even though we recognized that relatively little awareness information, reactions,
communications, and cohesiveness among
group members would be accumulated over the
six hours allocated for this experiment in both
sessions. Generally, perceptions or reactions of
other individuals were developed over a period
of weeks, months, or semesters.
The goal of the study was to measure the
impact of group awareness information on the
solutions for the group task, group decision
making, number of communications, the amount
of cohesiveness among group members, and the
commitment/disposition for engagement. The
results of the study are as follows.

Question 1: The quality of group solutions was evaluated through three independent
reviews conducted by outside judges.
The mean quality score of a solution produced by groups working with group awareness
information was higher (mean = 54.666, SD
= 5.017), than it was for the groups working
without the group awareness information (mean
= 51.166, SD = 4.817) (see Table 1). Using an
upper one-sided t-test, the calculated t-statistic
= 2.135 exceeds the critical value t30, 0.05 = 1.697,
the H0 was rejected at a level of significance α
= 0.05. The calculated t = 2.135 falls between
t30, 0.025 = 2.042 and t30, 0.02 = 2.147; therefore the
exact P-value is bounded between 0.025 and
0.02. The lower and upper bounds of the 95%
confidence interval of the difference are 0.168
and 6.831, respectively.
The result for research question 1 was
statistically significant and we concluded that
the group members with group awareness information achieve a higher quality for a given
task in a web-based GDSS with group awareness information than they do without group
awareness information.
Remark: Each judge gives a score (using
scale of 1 to 10, with 10 being the highest) to
each item of the group’s solution. There are
seven items for each group’s solution.
The total score of each group’s solution
is 70.
Question 2: The results for research question 2 were made using two different approaches.
Both of them were taken into consideration in
arriving at a conclusion for this research question. First, it is the relationship between the
activity and availability scores and the total
score for the task solutions that they receive
from other members in the same group. Second, a conclusion was determined from the
question in the post-experiment questionnaire,
“Do the activity and availability scores effect
your decision making for giving a score to the
other member’s solutions in the same group?”
using scale of 1 to 5 (1 being lowest impact and
5 highest impact).
Using the first approach, the experimental
data shows that the group members who obtained higher activity and availability scores
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Table 1. Mean and standard deviation of quality score of a solution produced by group working
with and without group awareness information
Experimental Conditions

Judge1
Score
(Total=70)

Judge2 Score
(Total=70)

Judge3 Score
(Total=70)

Average Score

54.33

Groups working with group awareness information
Morning Session:
Group 1-solutions

56

59

48

Group 2-solutions

60

48

54

54

Group 3-solutions

61

56

50

55.66

Group 1-solutions

54

52

64

56.66

Group 2-solutions

51

49

56

52

Group 3-solutions

58

48

60

Afternoon Session:

53.33
Mean:

54.66

SD:

5.01

Groups working without group awareness information
Morning Session:
Group 4-solutions

46

52

42

46.66

Group 5-solutions

51

53

54

52.66

Group 6-solutions

50

45

49

48

Group 4-solutions

52

48

54

51.33

Group 5-solutions

55

45

58

52.66

Group 6-solutions

59

58

50

55.66

Afternoon Session:

received higher scores for the solutions they
produced than the other members who obtained
lower activity and availability scores.
In the second approach, the mean voting
score produced by all group members in groups
working with group awareness information was
significantly higher (mean = 221.633, SD =
17.291), than the mean voting score produced
by all group members in groups working
without group awareness information (mean =
213.566, SD = 13.553) (see Table 2). Using an
upper one-sided t-test, the calculated t-statistic
= 2.011 exceeds the critical value t60, 0.05 = 1.670,

Mean:

51.16

SD:

4.81

the H0 was rejected at level of significance α
= 0.05. The calculated t = 2.011 falls between
t60, 0.025 = 2.000 and t60, 0.02 = 2.099; therefore
the exact P-value is bounded between 0.025
and 0.02. The lower and upper bounds of 95%
confidence interval of the difference are 0.037
and 16.096, respectively.
The results from the two approaches were
consistent with each other. The conclusion was
that group awareness information affected group
decision making by the members in the same
group.
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Table 2. Mean and standard deviation of voting score produced by each group member in groups
working with and without group awareness information

Experimental
Conditions

Member1
(Total =
280)

Member2
(Total = 280)

Member3
(Total = 280)

Member4
(Total =
280)

Member5
(Total = 280)

Average
Score

Groups working with group awareness information
Morning Session:
Group 1 (solution)

245

225

210

242

238

232

Group 2 (solution)

220

216

202

198

240

215.2

Group 3 (solution)

219

201

235

225

212

218.4

Group 1 (solution)

230

195

222

206

246

219.8

Group 2 (solution)

220

207

233

226

262

229.6

Group 3 (solution)

227

202

204

242

199

214.8

Afternoon Session:

Mean:

221.63

SD:

17.29

Groups working without group awareness information
Morning Session:
Group 4 (solution)

202

215

196

222

230

213

Group 5 (solution)

215

227

215

189

215

212.2

Group 6 (solution)

218

186

206

232

211

210.6

Group 4 (solution)

223

198

236

215

216

217.6

Group 5 (solution)

199

203

204

243

213

212.4

Group 6 (solution)

215

215

215

231

202

215.6

Remark: Each group member assigns a
score to other group member’s solution in the
same group but he/she cannot assign a score
to his/her task. There are seven items for each
individual solution. Thus, the total score is
70. For example, member 2, 3, 4, and 5 give a
score (to member1’s solution) 54, 66, 64 and
61, respectively. The sum of scores for member
1 is 245.
Question 3: The conclusion for research
question 3 was made from the questions in the

Mean:

213.56

SD:

13.55

post-experiment questionnaire, “Does group
awareness information representing for the
group impact on you during group work? (1)”
and “Would you like to increase your effort to
solve the given task if you see the information
that other groups are more active? (2)” using
scale of 1 to 5 (1 being lowest impact and 5
highest impact).
The mean voting score from both questions
of the groups produced by each group member
without group awareness information was sig-
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nificantly higher (mean = 3.616, SD = 0.922),
than the mean voting score from both questions
of groups produced by each group member with
group awareness information (mean = 3.466,
SD = 0.999) (see Table 3). Using upper onesided t-test, the calculated t-statistic = -0.854
did not exceeds the critical value t120, 0.05 = 1.658,
the H0 was accepted at level of significance α
= 0.05. The calculated t = 0.854 falls between
t120, 0.25 = 0.677 and t120, 0.10 = 1.289; therefore
the exact P-value is bounded between 0.25
and 0.10. The lower and upper bounds of 95%
confidence interval of the difference are -0.497
and 0.197, respectively.
The conclusion was that the group awareness information representing a group did not
affect the members in different groups in the
sense of competing or overcoming other groups
that are more active or obtain higher activity
values than they do for the same given task.
The possible reasons to support the findings
might be that the three hour experiment was
short. In particular, they had forty-five minutes
for communicating and exchanging ideas in the
brainstorming phase. They do not have much
time to consider the group awareness information representing the group. They may intentionally concentrate on the task in their workspace
and the provided comment tool or chat room.
There is no time for them to consider the other
groups. They may possibly be too lazy to click
on the link in order to see the activeness of
other groups because the group awareness information representing the group does not
appear as a popup message dialog box every
five minutes like group awareness information
representing the individuals.
Remark: Each group member assigns a
score (using scale of 1 to 5) to both questions
in post questionnaire.
For example, total score of group 1 is
18(4|2|3|4|5). It means that member 1, 2, 3, 4
and 5 in group 1 assign a score of 4, 2, 3, 4, and
5, respectively. The total score is equal to 18.
Question 4: The definition of communication in this research project is defined as the
number of activities or interactions such as
posting a comment/recommendation and ask-

ing or answering questions using the provided
comment tool and chat room that the group
members use to respond to each other. The
research question 4 is concluded using two approaches. First, the number of communications
is captured during group work. The irrelevant
information such as greeting messages was
not counted. Second, it is made based on the
question in the post-experiment questionnaire,
“Does group awareness information impact on
you to communicate more with other members
during group work?” This question is prepared
for groups working with group awareness information only.
Based on the first approach, the mean
number of communications of groups with
group awareness information was higher than
in groups working without group awareness
information with a mean average of 133.333
(SD = 9.852) and 121 (SD = 9.011), respectively
(see Table 4). Using an upper one-sided t-test,
the calculated t-statistic = 2.263 exceeds the
critical value t12, 0.05 = 1.782, the H0 was rejected
at level of significance α = 0.05. The calculated
t = 2.263 falls between t12, 0.025 = 2.178 and t12, 0.02
= 2.302; therefore the exact P-value is bounded
between 0.025 and 0.02. The lower and upper
bounds of 95% confidence interval of the difference are 0.188 and 24.478, respectively.
Based on the second approach, the average
score of the question in the post-experiment
questionnaire for group 1, 2, and 3 in both sessions was 3.5 (SD = 1.042) (see Table 5).
The results from the two approaches were
consistent with each other. The conclusion was
that members produced a higher number of
communications in a web-based GDSS with
group awareness information than they do
without group awareness information.
Question 5: The results for this research
question were made from the pre and postexperiment questionnaires. The questions, “Do
you like to work with other members in group
to solve a given task?” and “Do you feel a positive attitude to the task or other members in the
group when you work together?” (asked in both
pre and post questionnaire) were asked. The
average scores from pre and post are calculated.
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Table 3. Mean and standard deviation of voting score of the groups produced by each group
member with and without group awareness information
Question (1) in post-experiment questionnaire:
Group working with group awareness information
Total
Score/
Group
Total
score
from 5
members

Morning Session

Afternoon Session

Group 1

Group 2

Group 3

Group 1

Group 2

Group 3

Total
Score

18(4|2|3|4|5)

14(4|3|2|1|4)

21(4|4|5|3|5)

15(3|4|3|2|3)

18(3|4|4|4|3)

17(5|3|3|4|2)

103

Group working without group awareness information
Total
Score/
Group
Total
score
from 5
members

Morning Session

Afternoon Session

Group 4

Group 5

Group 6

Group 4

Group 5

Group 6

Total
Score

17(3|2|4|3|5)

20(4|5|3|4|4)

19(4|4|5|3|3)

16(3|3|2|3|5)

21(5|4|4|4|4)

17(4|3|4|4|2)

110

Question (2) in post-experiment questionnaire:
Group working with group awareness information
Total
Score/
Group
Total
score from
5 members

Morning Session

Afternoon Session

Group 1

Group 2

Group 3

Group 1

Group 2

Group 3

Total
Score

18(4|3|4|5|4)

14(4|4|3|2|3)

21(2|3|3|2|5)

15(1|5|4|3|4)

18(3|4|5|3|3)

17(5|3|4|4|3)

103

Group working without group awareness information
Total
Score/
Group
Total
score
from 5
members

Morning Session

Afternoon Session

Group 4

Group 5

Group 6

Group 4

Group 5

Group 6

Total
Score

17(3|4|3|2|4)

20(5|4|5|4|2)

19(5|4|4|2|4)

16(2|3|3|2|4)

21(4|4|5|4|4)

17(2|4|3|4|4)

110

Group working with group awareness information

Mean:

3.466

SD:

0.999

Group working without group awareness information

Mean:

3.616

SD:

0.922
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Table 4. Mean and standard deviation of the number of communications of groups with and
without group awareness information
Group Number

Number of Communications

Groups working with group awareness information
Morning Session:
Group 1

140

Group 2

127

Group 3

142

Group 1

141

Group 2

117

Group 3

133

Afternoon Session:

Mean:

133.333

SD:

9.852

Groups working without group awareness information
Morning Session:
Group 4

111

Group 5

135

Group 6

121

Group 4

128

Group 5

116

Afternoon Session:

Group 6

115
Mean:

121

SD:

9.011

Table 5. Mean and Standard Deviation of Voting Score of the Groups Produced by Each Group
Member with Group Awareness Information
Question in post-experiment questionnaire:
Group working with group awareness information(only)
Total
Score/
Group
Total
Score
from 5
members

Morning Session

Afternoon Session

Group 1

Group 2

Group 3

Group 1

Group 2

Group 3

Total
Score

19(5|2|4|3|5)

14(4|3|2|2|3)

20(4|5|3|4|4)

17(2|3|4|3|5)

18(2|5|4|4|3)

17(4|3|3|5|2)

105

Mean:

3.5

SD:

1.042
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The mean value for cohesiveness occurring
among group members without group awareness
information was significantly higher (mean =
3.766, SD = 1.059), than the mean number for
cohesiveness occurring among group members
with group awareness information (mean =
3.658, SD = 1.057). Using an upper one-sided
t-test, the calculated t-statistic = -0.793 does
not exceeds the critical value t240, 0.05 = 1.660,
the H0 was accepted at level of significance α
= 0.05. The calculated t = -0.793 falls between
t240, 0.25 = 0.677 and t24, 0.20 = 0.845; therefore
the exact P-value is bounded between 0.25
and 0.20. The lower and upper bounds of 95%
confidence interval of the difference are -0.377
and 0.160, respectively.
From the results of the study, group awareness information does not affect cohesiveness
among group members in a web-based GDSS
even if the number of communications in the
groups with group awareness information was
higher than in groups working without group
awareness information. The group members
with group awareness information tend to communicate more but they do not develop much
cohesiveness or interaction among themselves.
The possible reason is that the three hour experiment is too short for working as a team.
They individually tend to produce more work
without thinking of cohesiveness or interaction
among them.
Question 6: The results for the last research
question were determined using two approaches.
First, the commitment/disposition value was
calculated using the formula defined in equation (4) and (5). Second, it was made from the
post-experiment questionnaire. The question,
“How much the rating score do you give to the
group for commitment/ disposition for engagement to accomplish a group task?” was asked.
Based on the first approach, the mean
number of commitment/disposition occurring
among group members with group awareness
information was significantly higher (mean =
186.666, SD = 7.118), than the mean number
of commitment/disposition occurring among
group members without group awareness information (mean = 176.333, SD = 8.594) (see Table

6). Using upper one-sided t-test, the calculated
t-statistic = 2.268 exceeds the critical value
t12, 0.05 = 1.782, the H0 was rejected at level of
significance α = 0.05. The calculated t = 2.268
falls between t12, 0.025 = 2.179 and t12, 0.01 = 2.681;
therefore the exact P-value is bounded between
0.025 and 0.01. The lower and upper bounds of
95% confidence interval of the difference are
0.182 and 20.484, respectively.
Using the second approach, the rating score
of the group with group awareness information
was slightly higher than in groups working
without group awareness information with a
mean average of 4.0 (SD = 0.787) and 3.533
(SD = 0.819), respectively (see Table 7). Using
upper one-sided t-test, the calculated t-statistic
= 2.249 exceeds the critical value t60, 0.05 = 1.670,
the H0 was rejected at level of significance α =
0.05. The calculated t = 2.249 falls between
t60, 0.02 = 2.099 and t60,0.01 = 2.390; therefore the
exact P-value is bounded between 0.02 and
0.01. The lower and upper bounds of 95%
confidence interval of the difference are 0.051
and 0.882, respectively.
The conclusion was significant in that it
showed that the groups with group awareness
information have higher commitment/disposition for engagement than in groups working
without group awareness information.

CONCLUSION
In this study, we gathered data regarding processes and outcomes from groups using the
Nominal Group Technique in two different
settings: groups working with and without
group awareness information system. The group
awareness information was represented as a
visual display during group work in a web-based
GDSS. The group awareness information was
operationally defined in a web-based GDSS as
follows: activity, availability, and composition/
disposition. These values were captured from
each group member’s behavior during online
collaborative work while solving a given task.
The activity and availability values were captured and presented to the group members in
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Table 6. Mean and standard deviation of commitment/disposition occurring among group members with and without group awareness information
Parameter Values
Group Number

1 value
(GA)
st

2 value
NoOfComment(s)
nd

3rd value
NoOfResponse(s)

Commitment/
Disposition

Groups working with group awareness information
Morning Session:
Group 1

64

60

68

192

Group 2

56

55

75

186

Group 3

76

45

61

182

Group 1

66

46

76

188

Group 2

44

48

84

176

Group 3

60

51

85

196

Afternoon Session:

Mean:
SD:

186.666
7.118

Groups working without group awareness information
Morning Session:
Group 4

53

50

77

180

Group 5

76

39

59

174

Group 6

80

38

69

187

Group 4

48

40

95

183

Group 5

68

28

74

170

Group 6

60

30

74

Afternoon Session:

164
Mean:
SD:

real-time and the composition/disposition value
was captured and summarized at the end of the
experiment. The goal of the study was to measure the impact of group awareness information
in a web-based GDSS on the following factors:
(1) the quality for a group task, (2) group decision making by the members in the same group,
(3) the affect on members in different groups
in the sense of competing or overcoming other
groups that are more active or obtained a higher
activity value than they do in the same given
task, (4) the number of communications for

176.333
8.594

the groups with and without group awareness
information, (5) the cohesiveness among group
members, and (6) the commitment/ disposition
for engagement to accomplish a group task.
The results of the study were: (1) the group
members with group awareness information
achieved statistically significant quality scores
for a given task in a web-based GDSS than
they do without group awareness information,
(2) the group awareness information affected
group decision making by the members in the
same group, (3) the group awareness informa-

Copyright © 2010, IGI Global. Copying or distributing in print or electronic forms without written permission of IGI Global
is prohibited.

38 International Journal of Decision Support System Technology, 2(3), 16-40, July-September 2010

Table 7. Mean and standard deviation of voting score of the groups produced by each group
member with and without group awareness information
Question in post-experiment questionnaire:
Group working with group awareness information
Total
Score/
Group
Total
score
from 5
members

Morning Session

Afternoon Session

Group 1

Group 2

Group 3

Group 1

Group 2

Group 3

Total
Score

20(4|5|3|3|5)

20(4|5|4|3|4)

21(5|5|3|3|5)

21(4|5|4|4|4)

18(3|3|4|4|4)

20(5|4|5|3|3)

120

Group working without group awareness information
Total
Score/
Group
Total
score
from 5
members

Morning Session

Afternoon Session

Group 4

Group 5

Group 6

Group 4

Group 5

Group 6

Total
Score

17(2|3|4|3|5)

18(4|5|3|3|3)

18(4|4|4|2|4)

16(2|3|4|3|4)

17(3|4|4|3|3)

20(5|4|4|4|3)

106

Group working with group awareness information

Mean:

4

SD:

0.787

Group working without group awareness information

Mean:

3.533

SD:

0.819

tion presented to the group did not affect the
members in different groups in the sense of
competing or overcoming other groups that
were more active or obtained a higher activity value than they do in the same given task,
(4) the number of communications in groups
with group awareness information was slightly
higher than in groups working without group
awareness information, (5) group awareness
information did not affect cohesiveness among
group members in a web-based GDSS, and
(6) the groups with group awareness information had a higher commitment/disposition for
engagement than in groups working without
group awareness information.
This study has increased our understanding
of the impact of group awareness information in a web-based GDSS. Group awareness
information provides useful information for
improving the quality of collaborative work in
a web-based GDSS. However, this study found
limited support for the use of group awareness
information to increase the relationship and

interaction among groups and cohesiveness
among members in the same group. In future
research based on this study, we intend to study
group awareness information in a web-based
GDSS and conduct the experiment in a field
test setting. The next phase can begin to refine
some of the parameter values of group awareness information and the working steps in each
phase of a web-based GDSS that corresponds
to a field test environment.
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A Typology of Tacit Knowledge
Sharing Themes to Fostering
Group Decision Support System
Amin A. Shaqrah, Alzaytoonah University of Jordan, Jordan

ABSTRACT
Today, much effort and importance is placed on the management of knowledge, its security, and sustainability
in context to organizations and their competitiveness. This paper outlines a typology to guide that applying
tacit knowledge sharing themes from a social perspective, that is trust, care, leadership charisma, knowledge
culture, concept ba, and social network analysis, affect a group’s decision support system. This paper shows
that the mentioned themes facilitate a more open group discussion with a higher degree of consensus and
agreement resulting in a vividly higher amount of accuracy in decision making.
Keywords:

Accuracy, Decision Making, Group Decision Support Systems Management, Social Network
Analysis, Tacit Knowledge Sharing

INTRODUCTION
The growing importance of managing knowledge; progressive organizations proactively
learn how to better sharing knowledge is critical
to organizations today’s. Knowledge sharing is
vital to securing and sustaining a competitive
advantage, organizations can attain the first step
towards sharing knowledge management success by considering social and behavior issues.
Stewart et al. (2001) stated that knowledge is
the most important resource more important
than labor. Gore and Gore (1999) explained
that knowledge is the new power base of the
modern organizations and that the value of
most products and/or services depend primar-
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ily on how ‘knowledge-based intangibles’ such
as technological know-how, product design,
marketing presentation, understanding of the
customer, personal creativity and innovation.
Recently, some additional terms like business intelligence, enterprise information portal,
communities, groupware, knowledge management, and knowledge networking have been
used for systems that are intended to inform
and support decision-makers. Productivity may
be enhanced when the collaborative empowers
individuals and small groups to act together to
make decisions. The collaborative can empower
the smaller groups to make decisions on their
behalf, as long as a clear and open reporting
mechanism is employed. Collaboration can
offer members full responsibility for achieving change. By enhancing members’ roles
in governance and decision-making, buy-in
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to implementation and the outcomes will be
strengthened.
This new terms create problems in conducting precise research which measurement
the range of using knowledge sharing strategies in group support systems. The solution
is developing an expanded and well-defined a
typology (cause and effect) about using knowledge sharing themes in management group
support systems.

DEFINING GROUP DECISION
SUPPORT SYSTEMS
The increased globalization of businesses
places a tremendous demand for information/
knowledge that is, needed for decision making.
In the early 1980s, Group support system (GSS)
was developed to support the group decision
making process (Gray, 1987). DeSanctis and
Gallupe (1987) defined GSS a combination of
communication, member interaction, computer
software, decision support technologies, and
structure group techniques ‘e.g. normal group
and Delphi techniques to assist decision makers
in formulating and generating the optimal solution for their unstructured problems’. A group
support system is an application that analyzes
business data and presents it in visualize manner
allows teamwork to make business decisions
more easily.
A group support system creates an environment where ideas and collaboration boom in an
efficient time-saving manner. Sprague (1996)
defined group DSS broadly as an interactive
computer based systems that help decisionmakers use data and models to solve structured,
unstructured, or semi-structured problems. GSS
one of the type of decision support system includes communication, collaboration, and decision support technologies. Alter (1990) defined
GSS as a hybrid decision support system that
emphasizes both the use of communications and
decision models. A group support system is an
interactive computer-based system intended to
facilitate the solutions of problems by decisionmakers working together as a group.

There are number of technologies and
capabilities in group DSS, a group support
system turns web browser into a collaborative
meeting place that fosters group problem solving and decision making to support the group
decision making process with tools that facilitate
brainstorming, idea generation, organization,
prioritization, and action planning. In the
meeting room or over the internet, a decision
support system can help decision maker to run
meetings more effectively.
Group support system allows participants
to decide whether the meeting should be realtime or whether participants will contribute
their ideas when their schedule allows. Either
way, with decision support system participants
can get the same focus and productivity with
significantly greater scheduling flexibility.
Group decision support systems (GDSS) or,
more generally, group support systems (GSSs)
consist of sets of methods and technologies
developed to support the interactive sharing
of information as well as the emergence of
new beliefs among group members handling
complex problems (Jessup & Valacich 1993;
Eden, 1995). Austin et al. (1997) introduced
Joint decision making as a mechanism through
which partner enterprises collaboratively make
decisions related to the factors that influence
their interlinked processes. Nonaka and Takeuchi (1995) described this mechanism as a stream
provides road for the sharing of richer information through socialization and articulation.

SYNERGIC VIEW OF
TACIT KNOWLEDGE
SHARING AND GDSS
The key to gain competitiveness is best stated
by Malhotra et al. (2003) “contributions of
knowledge management include improved
ability to innovate, improved coordination of
efforts, responsiveness to market change, and
reduced redundancy of knowledge”. In order to
gain competitive advantage organizations must
spend less time on technical implementation
and more on the human, social and cultural is-
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sues that impede KM within the organization.
The emphasis on people is deliberate because
technology itself cannot deliver benefits,
technology only enables people to work better
and it is new ways of working that deliver the
benefits (McDermott, 1999).
Knowledge sharing is the process through
which tacit knowledge is communicated to
other individuals. Wagner and Sternberg (1987)
grouped tacit knowledge sharing according
to content, context and orientation depending
on the person and the situation one or more
types of tacit knowledge sharing may be used
in different contexts and orientations, content
knowledge is used to manage oneself, others
or manage one’s tasks, context is described in
terms of local and global, local involves doing
the task at hand, global describes how the current
situation fits into the larger picture, orientations
are pragmatic and ideal.
According to above definitions of tacit
knowledge sharing (TKS) and group decision
support system (GDSS) there are synergic points
for both, for example: tacit knowledge sharing when specific expertise is used to provide
creative, analytically rigorous advice on highlevel strategic problems, this tacit knowledge
sharing fits the organization culture, customer
needs and standard reporting methods, organizations built worldwide networks of people
who had successfully solved similar problems
by enabling them all to work together to create
realistic solutions to the problems. Networks
were connected so tacit knowledge could be
shared face to face, over the telephone, by email and through video conferences (Hansen et
al., 1999).This mechanism applicable in GDSS
clearly in shared similar foundations by being
adapted for a group of people who collaborate to
support integrated systems thinking for complex
decision making.
Both TKS and GDSS working completely
in an interactive learning environment; team
were encouraged to transfer knowledge across
disciplines, use of overlapping teams helped
ensure continuity of control, joint learning and
information sharing. In another angle GDSS
and TKS using standard processes adapt idea

generation to look at the problem and attempt
to develop creative ideas about its important
features. Ideas organizing tool place many ideas
generated on a list of key issues, the output
of this stage is a list of few key ideas. Then
the key ideas are prioritized, a voting tool is
appropriate; its output is a prioritized list of
ideas and details, last new ideas are generated
based on the prioritization of the key ideas. A
brain storming tool that provides structure such
as topic commentator is appropriate here. The
ideas generated are typically focused on solutions (Turban et al., 2005).
The process continues until final idea is
selected as solution to the problem that prompted
the meeting or a few solutions are identified to
be investigated in more depth. Some meetings
are oriented to decision- making, others are
exploratory in nature and are focused simply on
generating ideas to pursue in follow-up meeting takes longer than rapidly supported one,
but participants are generally more through in
their brainstorming and analysis and they feel
that they have made a better decision using the
system (Nunamaker, 1991).

THE ROLE OF IT TO
SUPPORT TKS AND GDSS
A wide range of tools and technologies support
both tacit knowledge sharing (TKS) and group
decision support systems (GDSS) depend on
the level of functionality and sophistication of
the tool set available to individual team members which allowing individuals to easily and
transparently communicate with each other.
However, this puts an increasing reliance on
the availability of supporting infrastructure
from both IT user support and training perspective, below some of the tools can support and
improve the decision-making and knowledge
sharing process by providing the basic usable
and relevant information/knowledge from
internal and external business environments.
•

Internet/Intranet: The increasing use of
the internet and provision of intranets
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•

•

•

•

•

allows dispersed group to have access to
common systems and information sources
(Hershel, 2005).
Organization Portal: The growth of rolebased, personalized portals enables group
members to log into their systems and
obtain a common desktop from a variety
of different locations. It also ensures that
new team members can be set up with a
common team work environment quickly
and easily (Milton et al., 1999).
E-mail: group members can easily communicate via e-mail, documents can also
be passed between team members using
this mechanism, but this could lead to
problems with duplicate copies at different
versions. It is recommended using of file
servers or web places for team documents
(Hershel, 2005).
Web Place: A project web place can provide
group with a shared workspace structured
for their specific needs. It contains structured spaces for them to store content,
discussion areas for them to communicate
irrespective of location or time zone, and
can also provide project-based facilities
such as team diaries. It reduces the need
for large documents to be passed around
via e-mail and ensures that documents are
easily accessible by team members. Access
can be controlled by the team leader to
ensure that content is accessible only by
those team members requiring it (Hoxmeier
& Kozar, 2000).
Videoconferencing: The use of videoconferencing allows members to meet face-toface from a distance. This works best when
team members are based in office locations
that have easy access to videoconferencing
equipment, although it usually places restrictions on the number of participants and
requires advance scheduling to ensure that
the facility is simultaneously available from
all locations (Hoxmeier & Kozar, 2000).
E-meetings: The availability of web-based
e-meeting tools allows group to have
scheduled and ad hoc meetings via nothing
more sophisticated than a web browser and

•

a telephone. Most systems have the ability
to white board ideas and share documents,
allowing control to be passed between team
members when required. This means that
group presentations, demonstrations, and
so forth can be seen by the group, and
documents can be worked on collaborative
regardless of location.
Groupware - Lotus Notes: Lotus Notes
add over and above intranets discussion,
through Lotus’s key features, it has multiple views when writing existing explicit
knowledge and assembled from the archive,
guided by expert systems front-end while
tacit knowledge is added through discussion databases. Communication should be
multi-dimensional, that is, formal, informal, social, oral and written, and it must
initiate at all levels within the organization,
the ability to express and share ideas must
be encouraged and fostered. When people
trust that what they say will not result
in negative criticism or retribution, they
will feel free to communicate their ideas.
When communication is encouraged and
varied opportunities to foster dialogue are
facilitated by the organization, people learn
to understand each other and develop the
relationships that are so important to the
sharing of tacit knowledge (Davenport &
Prusak,1998; Krogh et al., 2000).

Further, techniques is a Bulletin board
system (BBS), were a highly socialphenomenon
and were used for meeting people and having
discussions in message boards as well as for
publishing articles, downloading software,
playing games, and many more.

COMMUNITY OF PRACTICE
NEXT STAGE
Community of practice perspective helps to
go beyond a view that emphasizes the inherent
capacity of ICTs to transfer aspects of knowledge required to make proper decision, socially
negotiated and evolving process. To grasp
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this complexity it is important to differentiate
between information, learning and knowledge
(Sundeep et al., 2003). Knowledge requires
a person or knower; knowledge is harder to
separate from the knower than information, as
it requires background understanding. When
an attempt is made to extend communities of
practices across time and space, it is this aspect
of knowledge and the need for background understanding that make the process problematic.
While the information-processing view remains
a dominant one in information systems research,
various critiques of it have been presented,
arguing for the inherently subjective nature
of knowledge which has also been established
empirically in different settings (Wenger, 1987).
A community of practice approach draws
attention to the importance of tacit or background knowledge and the need to integrate it
with explicit knowledge, for effective knowledge transfer to take place between human
know-ers including individuals and groups
(Wenger, 2002). Cappel and Windsor (2000)
illustrated that face-to-face groups reached
decisions more quickly, and they provided
results indicating that video enabled collaboration tools assisted electronic systems in much
the same way.
An example of integration strategy has
shown in Xerox Company. Xerox technicians
formed tacit knowledge through process of
face-to-face socialization, storytelling, and
‘hands-on’ experience. This made the talk and
the work, the communication and the practice
inseparable. Xerox technicians were co-located
for at least some periods during the working
week, making their learning deeply related to
their everyday practice. However, far different
and greater complexities involved when the
communities of practice are separated by time,
space and culture. CoPs became a popular,
even dominant, KM intervention; soon it was
supplemented with storytelling interventions
encouraging use stories to facilitate sharing and
collaboration. Patti (2002) suggested that since
the term was coined, knowledge management
has provided a common language set for multidisciplinary projects that support how people

work access, create, and collaborate knowledge
with systems and how organizations can leverage the knowledge for competitive advantage.

A TYPOLOGY OF
TKS TO FOSTERING
COLLABORATIVE GDSS
Tacit knowledge sharing (TKS) themes affect
on group decision-making processes by using
social network analysis and collaboration management strategies. Most knowledge management strategies frequently rely on content and
collaboration which is designed to address a
particular business problem. Social network
analysis can be as small as a specific department
or division or as large as an entire enterprise.
Individuals spanning multiple organizations
and sharing a common interest or business
problem can also make up a community, in any
case community members are bound together
not by organization structure but by the need to
solve a problem or desire to innovate an existing
process or product (Wenger, 1998).
GDSS works when members interact by
subscribing and contributing to share work
product, such as a document, drawing, or
project, member involvement is governed by
some form of prescribed coordination, work
flow, or process design for work execution. In
many instances, a specified sequence of events
triggers notification that the involvement of
a member is required, this event notification
can cause not one but several members of the
GDSS to focus on a specific issue simultaneously. Community members communicate in
a number of different ways depending upon
the nature and urgency of a given situation,
threaded discussion groups are often used to
support design teams debating the merits of a
particular approach (Wenger, 2002).
Referring to the organizational dimension,
most researchers agree that knowledge sharing
constraints depends on the organizational culture, enabling trust and care, creating context,
leadership charisma, communities; moreover
knowledge transfer is strongly affected by the
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relationship between source and recipient. On
the one hand, it has been proved that cultural
and cognitive similarity among individuals
is a good condition for sharing and showed
how strong ties between groups positively
affect the transfer of complex knowledge also
demonstrated that it’s important to diffusion.
Most authors consider technology insufficient
without human intervention, and organizations
always in search of the right balance between
technology and human centered approaches
(McDermott, 1999). Socialization refers to a
process where certain individuals or groups
share their own experience to create and deliver
their tacit knowledge such as spiritual models
and skills; it is a process of transforming the
one tacit knowledge into another (Nonaka &
Konno, 1998).
Triandis (1971) argued that behavior is
influenced by social norms, which depend on
messages received from others and reflects what
individuals think they should do. In his later
work, Triandis (1979) expanded this term and
called it social factors; that is, the individual’s
internalization of the reference groups subjective culture, and specific interpersonal agreements that the individual has made with others
in specific social situations (Triandis, 1979). In
order to increase our understanding of the essential role of tacit knowledge sharing themes
as a social factors in the GDSS management,
we will try to clarify its contents, major contents
of successful TKS which affect positively on
GDSS are: trust and care, leadership charisma,
knowledge culture, concept ba, and social
network analysis.
•

Trust and care: Trust is a multidimensional concept by nature, and therefore
it is a difficult concept to define. Krogh
(1999) identified a difference between
cognition-based and affect-based trust,
cognition-based trust is a rational view of
trust and is associated with competence,
ability, responsibility, integrity, credibility,
reliability and dependability. Affect-based
trust has more emotional connotations
and is related to issues like care, concern,

benevolence, altruism, commitment, mutual respect, etc. further, we can identify
the distinction between calculative and
non-calculative trust, calculative trust
is based on the weights of the costs and
benefits of certain actions and on a view
of man as a rational actor, non-calculative
trust in turn is based on values and norms.
Trust is an intangible factor that may
either promote or inhibit GDSS process and
there is no doubt that trust has positive aspect
improve proper decision support systems. Trust
related with collaboration which related to all
three dimensions of social capital, we can assume that through the cognitive and relational
dimensions it also has a strengthening impact
on the structural dimension. Collaboration
can be defined as human behavior, sharing
of meaning and completion of activities with
respect to a common goal that takes place in a
particular social or work setting (Sonnenwald
& Pierce, 2000).
Krogh (1999) stated that “care is voluntary
cooperation and voluntary giving, care extends
far beyond trust. What I’m doing is simply
looking at an instance of a process, mostly
relationships among organizational members
and inductively claiming something about
what makes these relationships work more
effectively, tacit knowledge-sharing is impossible without care, leadership is very strongly
affected by caring but we need to find training
programs for doing that for having that caring
behavior in place”.
•

Leadership charisma: Organizations seek
more innovative ways to compete; the
ability of their leaders to generate new
and valuable ideas becomes a fundamental
survival skill. To the extent that personality
(leadership) types approach might enhance
the creative decision support systems the
Myers-Briggs Personality type approach
classifying personalities which has been
widely accepted and applied in assesses
four different dimensions of a leader
(Kaluzniacky, 2004).
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◦◦

•

Introversion/Extraversion: relates to
how a person (leader) is oriented,
where he/she focuses more easily;
within oneself or on other people and
the surrounding environment. This
dimension is coded I or E respectively.
◦◦ Intuition/Sensing: relates to two different ways of perceiving, of taking
in information. An intuitive person
(leader) focuses on new possibilities,
hidden meanings, and perceived patterns. A sensing person focuses on
the real, tangible, and factual aspects.
Thus a sensing person (leader) can
be described as being more practical,
whereas an intuitive is more imaginary.
This dimension is coded N for Intuitive
and S for Sensing.
◦◦ Thinking/Feeling: relates to how a
person comes to conclusions, how a
person (leader) normally prefers to
make judgments. A thinking person
(leader) employs logical analysis, using objective and impersonal criteria
to make decisions. A feeling person
(leader) on the other hand, uses personcentered values and motives to make
decisions. This dimension is coded T
for Thinking and F for Feeling.
◦◦ Judging/Perceiving: relates to two
essential attitudes of dealing with
one’s environment. A judging person
(leader) prefers to make judgments, or
come to conclusions about what one
encounters in one’s outer environment.
A perceiving person (leader) prefers to
notice one’s outer environment, while
not coming to conclusions or judgments about it. This dimension is coded
J for Judging and P for Perceiving.
Knowledge culture: To become knowledge
driven innovator there is one essential
further element the development of a
knowledge culture. There are two key elements to a knowledge culture to ensure that
there is an understanding of the importance
of information and that group work are
actively sharing knowledge with others.

A developmental culture and its values
that are consistent with opportunities and
incentives for technology experimentation,
the external environment, and distributed decision-making, encourage learning
meanwhile, monitoring and rewarding
completed technology (Harrington, 2004).
A culture supports participation and
knowledge sharing should also be important
in developing absorptive capacity. It has been
stated that knowledge sharing across organizations is more of a cultural than a technical issue.
If an organization is characterized by mistrust
and lack of willingness to share information,
knowledge sharing and communications will
decrease (Harvey et al., 1998). Culture is a
reflection of the values and practices of the
organization; it can serve to facilitate or restrict
the flow of tacit knowledge can be benefitable
in decisions, group learn quickly by observation what values and practices are acceptable,
strategies for change need to be grounded in a
clear understanding of the true organizational
culture and the mental models that shape beliefs.
•

Concept ‘Ba’: A strong group culture consistent would lead to success knowledge
sharing atmosphere. Nonaka and Konno
(1998) introduced ‘Ba’ concept, mentioned
that knowledge cannot be separated from
the shared physical, virtual or mental space
in which knowledge is created and used,
this concept is necessary to specify the
foundation required for knowledge management in teams. Eppler and Sukowski
(2000) differentiate two basic layers of
shared spaces that underpin successful
knowledge work in teams.

The first layer represents the communication infrastructure provided for teams, specifically a shared virtual and physical space, the
second layer is comprised of shared norms and
rules within a team; the shared ‘mental space’ as
it is referred to by Nonaka and Konno. Edward
et al. (1998) summarized that focuses on time
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reduction in meetings through the use of group
decision support systems (GDSS) indicates
that the use of electronic meeting systems will
increase and consequently further research
should be carried out in reducing meeting time.
•

Social network analysis: The next stage of
knowledge management is emergent from
the properties and activities that are already
in place: networked architectures, models
for community development and collaboration from the application of complexity
adaptive systems theory to knowledge and
learning. Patti (2002) proposed three types
of communities work together to form an
ecosystem of interconnected communities,
which we call collaborative knowledge
network or CKN: COIN (COllaborative
Innovation Networks), CLN collaborative
learning networks), and CIN (collaborative
interest networks). Collaborative Innovation Networks (COINs) allow for building
organizations that are more creative, productive, and efficient by applying principles
of creative collaboration, knowledge sharing, and social networking.

Sponsors and members of collaborative
innovation networks often change their work
and leadership styles to become more creative
innovators, more efficient communicators and
more productive collaborators. Social network

perspectives focus on the pattern of relationships that develop between members of a COP.
Social network focuses on how relational ties
between individuals lead to outcomes, such as
knowledge exchange and innovation. Leonard
and Sensiper (1998) defined collaboration
as an intellectual conflict, between diverse
viewpoints that produces energy channeled
into new ideas and products. Collaboration
facilitates communications among co-workers,
partners, customers and prospects; it improves
the quality relationship and helps in reducing
cost. McDermott (1999) noted that develop
knowledge communities which people can share
knowledge; help each other and form opinions
and judgments will increase an organizations
ability to leverage knowledge typically involves
finding, nurturing, and supporting the communities that already share knowledge about
key topics.
Last not at least, the objectives of this paper
to develop a typology guide the using of intellectual TKS themes which affect positively on
collaborative GDSS interaction as the following
diagram (Figure 1)

CONCLUSION AND
IMPLICATIONS
This paper encouraging social and collaborative issues which used in knowledge sharing
field can be beneficial in GDSS management.

Figure 1. A Typology of TKS to fostering GDS
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Researcher develop a typology propose that using knowledge sharing themes affect positively
on GDSS interaction. A number of researches
studies attempted to determine the optimum
GDSS, the researcher see that knowledge sharing dimensions such as trust and care, concept
‘ba’, leadership charisma / emotional intelligence, communities, and knowledge culture
can improve group decision quality. Due to time
and resource constraints, this paper does not
attempt to validate the typology. It is therefore
suggested that should be tested in a real business setting. The feedback and experimental
results should be collected and used to provide
suggestions on how to improve this typology.
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ABSTRACT
This paper addresses the development and application of a simulation model of human resources transitions
in the Slovenian armed forces. The system is modeled as an exponential delay chain by means of the Systems
Dynamics methodology, and the control strategy is determined according to the prescribed final states of
a particular rank. To achieve the final states, the promotions policy between ranks and fluctuations could
be changed by considering the boundaries of model parameters. The trajectory function is defined, which
determines the approach to the final state, and a numerical optimization was applied to provide a proper
control strategy. The results show that some scenarios are not acceptable due to the problem of reachability;
however, the developed system incorporates an advanced user interface that enables the efficient application
of the developed methodology.
Keywords:

Army, Control, Discrete Dynamics, Human Resources, Manpower, Strategy, Systems Dynamics

1 INTRODUCTION
Several armed forces have been exposed to
restructuring, especially in the new members
of NATO. There is also the process of army
professionalization, which is another cause of
the restructuring. Long-term manpower planning in an army is a strategic and important
task involving enormous amounts resources. An
DOI: 10.4018/jdsst.2010070104

army is a part of a complex social system, in
which dynamics over a longer time frame must
be considered due to large time constants and
delays across feedback loops (Wiener, 1948).
The behavior of such a complex system is
sensitive to small initiatives from its environment as well as political decisions. Since the
described problem is rather complex, it should
be supported by the development of a model that
will enable a simulation of personnel dynamics, considering transitions amongst different
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ranks and their fluctuations. The development
of the dynamical model of higher ranks in
Slovenian army was initially described in
Kljajić et al. (2007) and Škraba et al. (2007a,
2007b). Simulation methodology at the control
of complex systems has been relatively well
covered in previous research (Kljajić et al.,
2000; Bajracharya in Ogunlana, 2001; Mayo,
2001; Wang, 1997). When considering problems
where human resources are involved, besides
the methodology of Systems Dynamics (SD),
statistical and stochastic approaches are applied
(Barholomew et al., 1991; Grinold in Marshall,
1977; Vajda, 1978). In the framework of research (Kljajić et al., 2007; Škraba et al., 2007a,
2007b), the model was initially developed on
the principles of Systems Dynamics (Forrester,
1973; Sterman, 2000), which is founded on the
exponential delay chain structure. In present
paper, the final version of the model will be presented with reference modes and Causal Loop
Diagram. In our research, the top eight ranks
in Slovenian army were considered (second
lieutenant, lieutenant, captain, major, lieutenant
colonel, colonel, brigadier, major general). The
model was tested with the historical data in the
development phase.
The developed simulation system should
enable a simulation of human resources dynamics that considers key phases that determine the
transitions between ranks and departures. The
developed system should allow:
a)

Analysis of consequences of different policies applied to the system (e.g., change in
transitions, fluctuations and recruiting)
b) Test of rationale for past human resources
policies
c) Research on different training options and
impact on the workforce structure
d) Understanding of basic dynamical
processes
e) Design of the system that balances manpower requirements by determining proper
transition levels
f) Design of the human resources information
system that is in a proper form for analysis
and manpower planning

2 Systems Dynamics
Model Development
There are several examples of SD methodology implementation in the field of workforce
management (Bajracharya & Ogunlana, 2001;
Trust, 2003; Mayo et al., 2001). SD methodology is convenient for modeling a hierarchical
manpower system since the stock and flow elements could be applied to represent the number
of rank members and flows of men between
ranks as well as fluctuations (leaves). The first
step of the SD model development is the determination of the reference mode. Here the time
response of the system should be anticipated.
In our case, the exponential approach to the
new goal values is anticipated as the response
of the system. Figure 1 shows the reference
mode of the hierarchical manpower system.
① marks the desired increase in the number
of men in particular rank while ② represents
the desired decrease in the number of men in
particular rank. The main characteristic of the
anticipated response is that the desired goal,
marked by the dashed line, is exponentially
approached. This is the most likely response
since the desired values could not be instantly
achieved. There is some time needed to approach
the desired values, which is determined by the
time constants of the system. The values on the
y-axis are not shown since only the response of
the system is observed at the reference mode.
The structure of the systems incorporates
eight ranks, transitions and fluctuations. Figure
2 shows the Causal Loop Diagram of considered
system. A, B, …N represent the number of men
in ranks A, B, …N. In our case, the eight topmost
ranks are considered. Rv represents the recruitment to the system. An increase of the recruitment causes the increase in the number of men
in rank A. RA, RB, … RN represent the transitions
between ranks. For example, RA represents
promotions from rank A to rank B. FA, FB, …
FN represent the fluctuations of men out of the
system. Each particular rank is governed by
two negative feedback loops; in the case of rank
A: i) if the number of men in rank A increases,
the fluctuations will increase above the level
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Figure 1. Reference mode; Left: goal value is above the initial value, Right: goal value is below
the initial value

that it otherwise would have been. If fluctuations increase, the number of men would be
below the level that would have otherwise been;
ii) if the number of men in rank A increases,
the promotions from rank A to rank B would
be above the level that would have otherwise
been. In contrast, if the promotion increases,
the numbers of men in rank A decreases below
the level that would have otherwise been. The
described negative feedback loops are governed
by the recruitment Rv, which provides the input
to the system. By the determination of the
extent of promotions and fluctuations, the desired levels in ranks could be achieved. One
important observation is that each rank is dependent on the levels in the subordinate rank
except for the first, which is dependent on recruitment. The presented CLD is general and
it could consider N ranks. In our case, the

structure is strictly hierarchical; one could not
skip particular rank since this is not possible in
the topmost ranks.
Since only the negative feedback loops
exist in the system, the dynamical hypothesis
would consider the goal values attainment,
which is dependant on the proper value of the
recruitment (Rv), transitions and the fluctuations. Here, one should consider the rank dependence; for example, if we change transition
between two ranks, the change influences all
subsequent ranks.
The states of the developed system, in our
case Ranks, could be observed in discrete time
points; however, the whole system is considered
to be continuous since causal interconnections
are permanently present and determined by the
structure of the system. The general equation
of the SD model that represents the applied

Figure 2. Causal Loop Diagram of Hierarchical Manpower System
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methodological concept is, in continuous time,
determined as (Sterman, 2000):

L(t ) =

∫

t

t0

R (t ) − R (t ) dt + L(t )
out
0
 in


dL
= Rin (t ) − Rout (t )
dt
In our case, L represents a particular rank
while Rin and Rout represent input to a particular
rank and output, respectively. In our case, Rout
considers transition to a higher rank as well as
the fluctuation. Figure 1 presents a developed
SD model, which incorporates recruitment,
transitions of manpower between individual
ranks and fluctuations. The structure shows
that the system is hierarchical, i.e. higher rank
depends on the state values of lower ranks. The
model represents an exponential delay chain
where each rank is dependent on its preceding
rank and corresponding flows. Coefficients
a, b, …, n represent the ratios of promotions
between ranks; c, d, …, v represents ratios of
fluctuations and r represent the recruitment.
All other elements have the same meaning as
described by CLD. The central part of the model
is in canonical form, which is determined by the

number of ranks considered. One could apply
the structure for the larger system however;
in top-most ranks the input in particular rank
is not possible while if we consider a larger
system i.e., more ranks. One could be recruited
in particular rank from outside of the system
(Figure 3).
By using the model, the user is able to vary
different parameters that impact the dynamics
of the system, thus providing the user a chance
to recognize potential undesirable states and
determine the consequences of the selected
strategy. Furthermore, possible corrective actions and rationalizations can be determined by
the means of the simulation model. Transitions
in the system are dependant on the demand for
particular ranks and training capacity. The
number of rank members also depends on the
demand and training capacity as well as on the
transitions. Hence, the considered model could
be represented as a cascading structure of
negative feedback loops (Kljajić, 2006; Kljajić
et al., 2007; Škraba et al., 2007a, 2007b), representing an exponential delay chain, which is
also in the scope of complex supply chain
systems control (Kofjač et al., 2008). An important concept which should also be considered
at the development of the described system is

Figure 3. Structure of the systems dynamics model of rank transitions in the canonical form.
Given structure represents delay chain of first order delay elements.
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anticipation (Kljajić, 1998; Kljajić, 2001),
which provides an efficient control mechanism,
enhancing the classical feedback loop concept
and is inevitable in the control of complex
systems.
The exponential delay chain SD model
has been presented to the end users of the
developed system. The SD model provided
important insight of the system, which should
be controlled in order to achieve target values
in particular ranks. The applied delay chain
represents a conceptual framework for the development of the methods that should provide
the proper strategies to achieve target values.
The sensitivity of the model parameters is important aspect of the system development. In our
case, the sensitivity of the model parameters is
determined by the parameter boundaries. The
most influential parameter is parameter r, which
represents the recruitment to the system. If the
extent of the recruitment is not sufficient (or it
is too high), the goal values are not attainable
in prescribed time. The transition coefficients
have larger boundaries than fluctuations; in
addition, the transitions are more controllable
than the fluctuations.
The main purpose of the system developed
within our research framework is to perform and
support a process of complex decision making
concerning human resources management by
man-machine interaction. The model designed
to simulate the flows of personnel through
various ranks answers the question of what the
system behavior would be while considering different input of resources. This means that users
can identify a potential manpower shortfall and
calculate the financial impacts of a chosen policy
as well as examine possible corrective policies
or rationalizations by mimicking operations of
the real-world system.
The model of transitions, developed by
principles of continuous simulation using
MATLAB/Simulink, is presented in Figure 4.
Step and discrete time delay function Z -1 is
realized as an input to the Rank A. The parameter values and simulation results are rendered

through MATLAB Workspace. The level of the
element Rank A depends on an initialization
value init A and the difference of

1
integrator
s

inputs, presented by parameters fluctuation A
ratio and transition A ratio.
In contrast, the discrete event model
(Kljajić et al., 2007; Škraba et al., 2007a, 2007b)
was developed incorporating time distributions
in the validation phase, thus providing more
information about the dynamic response of the
system. Here, the time of the training in a particular rank is considered before transition to
the higher rank. The discrete event model was
developed in the MATLAB/SimEvents.
To perform a simulation as well as to determine different scenarios, the user interface
was developed. Development in this phase dealt
with concepts of transparency, ease of use and
understanding. The developed system enabled
the analysis of different simulation scenarios
(Škraba et al., 2003, 2007), especially in the
context of what-if analysis.
The developed system should provide the
support of strategic decision processes that
address human resources in order to provide
the proper management strategy. The research
purpose in our work is: a) SD model development and b) application of the model for system
control. Both would be considered as design (SD
model) and control (development of optimization procedure on the model).

3 DEVELOPMENT OF THE
CONTROL SYSTEM
The concept of anticipation plays an important
role at the system control (Dubois & Resconi,
1992; Rosen, 1985; Kljajić, 1998; Kljajić,
2001; Škraba et al., 2005; Škraba et al., 2006;
Rodič, 2008), and is a prerequisite for the efficient management of complex systems. The
simulation model improves the anticipation
in the system, which contributes to improved
system control. One of the most important aspects is the interdependence of the ranks and
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Figure 4. Rank transition model developed by the principles of continuous simulation realized
in MATLAB/Simulink

the impact of delay constants which could be
examined by the developed SD model. According to Grinold and Marshall (1977), the system
should enable the user to: a) Forecast the future
manpower requirements that will be satisfied by
the current number of personnel, b) Perform the
analysis of the impact of proposed changes in
policy, such as changes in promotion or retirement rules and changes in transfers into and
out of the organization, c) Test the rationale of
historical policy for consistency and establish
the relations among operating rules of thumb,
d) Explore regions of possible policy changes
and allow a planner to experiment with and
perhaps discover new policies, e) Understand
the basic flow process and thus aid in assessing
the relative operational problems, f) Design the
system that balances the flow of manpower
and requirements, g) Structure the manpower
information system in a manner suitable for
policy analysis and planning.
With the development of the control system,
the Systems Approach was considered. Figure
5 (Kljajić & Faar, 2008) shows the application
of the Systems Approach to the development
of our decision support system. Starting with
the requirements that were stated by the army,
the operations analysis was performed as well

as costs and manpower considerations. In our
case, the system structure was determined as
the hierarchical system of ranks. The main costs
in the system development were stated as the
deviation from the target values in particular
rank. The monetary costs of system development were not a major issue. Development
was supported by the feedback in the segment
of Systems Engineering (SE) functions, which
improved the process of system development. In
our case, several sessions with end users were
conducted in order to gain proper feedback
about the appropriate system functioning. This
significantly improved the final application. It is
the goal of the system development to provide
useful and effective application deployment.
The issue addressed at the development of
the decision support system is to find a strategy that is adequate to bring the system to a
desired rank structure. Furthermore, there is a
question of how the system should reach the
final structure. One could achieve this by means
of optimization. Determination of the strategy
was addressed as the optimization problem,
considering the states of the system. Optimization was performed upon the model in which
hierarchical interdependences were present. By
the application of the optimization algorithm,
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Figure 5. Systems approach to the development of decision support system (Kljajić & Faar, 2008)

proper parameter values (fluctuations, transitions between ranks) that steer the system to
the desired state by a predetermined trajectory
were determined. The trajectory was, in our
case, determined as the target function. The
selection of the proper trajectory was determined
by the user. Several trajectories are possible:
from the linear to steep convex exponential.
The fastest goal approaching trajectory is a
constant from the initial t0. The target function
is defined by the following equation:

f (t ) = x k +

(x 0 − x k ) (k − t )
k

e −pt ,
(1)

where x o , x k represent initial and end

states, k is the simulation time and p ∈  0, ∞


the importance factor. The above equation
describes a wide spectrum of exponential curves
that differ by the steepness of the goal attainment.
At the determination of the strategy, one
searches for the scenario in which the response
of the system is as close to the target function
as possible. This will be achieved if, for each
particular scenario, the sum of squared errors is
determined. The scenario with the lowest sum
should be chosen. The optimization algorithm

is determined by the parameter boundaries
determining the search space. The value of the
criteria function is determined by the iteration
of the numerical algorithm. In this case, the
iteration refers to the performance of simulation
run and calculation of the criteria function for
which the minimum is searched.

4 MODEL AND CONTROL
STRATEGY DETERMINATION
Describing the dynamics discretely, we take
xn(i) the value of rank n at time step i. Writing
x = (x1, ..., xr), the feedback loops are given by:
x(i+ 1)- x(i) =f(x(i), u(i)),

(1)

where u = (u1, ..., um) is a time dependent
control variables vector and f is a vector function. We want to minimize the distance to the
target function:

(2)
where cn(i) is the target function value for
the rank n at step i determined by (1). The issue
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is to compute minu U J where U is a set of input
parameters with predefined value limitations.
To minimize the criteria function expressed
by Equation (2), a numerical method was
used. In the search for the optimum, or in our
case the definition of best strategy according
to target functions, an application of pattern
search algorithm was performed. The analytical
solution to the problem does exist for particular
cases, but the way to achieve it is far more time
consuming than using the numerical approach.
To show the basic idea, we are searching for
the solution within the parameter boundaries ai1
≤ ui ≤ ai2. We could do that by applying every
possible combination of constraints ui = aij, j =
1, 2 and comparing the bounded minima. That
is, we find the minimum within a cuboid in an
m dimensional space, where m is the number of
parameters included, and thus obtain a feasible
solution. We can use the method of Lagrange
multipliers. However, having a mere five control
variables, we must deal with more than 200
nontrivial computations and the complexity of
the problem rises exponentially. In our case, we
are confronted with 90 variables.

4.1 Parameter Boundaries
and Goal Attainment
Parameter boundaries determine whether the
target values could be reached at prescribed time.
This is quite complex problem if we consider
that the boundaries are a time variant and the
goal is stated by the user-defined trajectory. In
order to illustrate the boundary problem, let us
consider only one rank and the influence of the
boundaries on the reachability. The corresponding first order system with a single input and a
single output is the following:

x(0) = 0

(initial value of state element),

ei = (c − x (i ))2

(squared error between goal and state value),

x (i ) = x (i − 1) − r (i − 1) + a

(state equation),

n

e = ∑ ei

(sum of squared errors),

i =1

where c is the goal value, i discrete time
step, r control parameter, which in our case this
determines transition to a higher rank (parameter r represents a ratio of system fluctuations
i.e., the output of the system), a constant value
of input to the considered rank and ei deviation
between goal value and i-th value on the state
element. The system of equations is set where
r is not explicitly stated; r is defined as a variable r(0), r(1), ...; for each time step, the new
value of parameter c is determined; here r is
considered as the control vector. The optimization of the stated problem is performed with
regard to declared boundaries for parameter r.
The solution of the system and its dependence
on lower and upper boundaries set by the
minimization problem is of special interest since
this determines the reachability of the system.
The reachability of the goal states is
dependent on the parameter boundaries that
determine the transitions between particular
ranks. Parameter boundaries were determined
by the analysis of the past eight years. These
boundaries determine the normal values of
inputs to particular ranks, promotions to higher
ranks and fluctuations out of the system. One
of the key questions addressed is whether it is
possible to reach the target values within the
specified time and parameter boundaries. Figure
6 shows the region in parameter space where
the target strategy is reachable, marked with A.
The X-axis represents the lower boundary, the
Y-axis represents the upper boundary and the
Z-axis represents the sum of squared errors at
determined minimum.
If the lower and upper boundaries fall
outside the “A” area, the target value is not
reachable. In the case of a particular rank, this
has the following two possible consequences:
a) the target value is achieved after longer time
than desired and b) target value is not reached.
The reachability of target values is dependent
on the parameter limitations that determine the
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Figure 6. Reachability region of control problem.

transitions between particular ranks and fluctuations. Parameter limitations have been determined according to the analysis of the past
eight years. Minimum and maximum values in
the mentioned period determine the range of
the parameters.
Since the boundaries are a time variant, the
analytical solution could not be obtained; such
a solution has not been found in the literature.
In such cases, only the numerical-heuristic approach can be considered.

role in proper methodology application. The
considered problem is extremely complex for
the human-resource officers due to the size of
the problem considered.
The user interface includes the following
functionality:
•
•
•
•

5 USER INTERFACE
AND INPUT DATA
The purpose of the user interface is to enable
an analysis of the dynamics of rank structure
and a determination of the control strategy at
given values of input and output parameters. In
order to control the described model, the user
interface was developed. The model developed
with MATLAB is applied for the automatic
search for adequate input and output parameters, i.e., for the best fit to target functions in
a particular rank. It is important to note that the
transparency of user interface plays an important

•
•
•
•
•
•

setup of initial values for a particular rank
setup of goal values
setup of input and output parameters for a
particular rank
graphical preview of changes in input and
output parameter for a particular rank
simulation run control
graphical and table output
scenario description
setup of transition function (trajectory from
initial value to goal value)
setup of the number of simulation iterations
setup of lower and upper boundaries of
input and output parameters (setup of
numerical optimization procedure)

The developed user interface enables the
conducting of an automated procedure for
parameter determination and strategy develop-
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ment. The model enables the user to perform
particular what-if analyses. Figure 7 represents
the user interface where input data are defined.
In our case, let us suppose that rank “A” is considered. Here the initial values of rank members
are determined (100), the initial year for the
simulation run (2008), the goal value (120,
i.e., in our case, one would like to increase the
number of rank A members from 100 to 120).
The year of goal attainment (2012) represents the
year in which the goal state should be reached.
The target function has four possible shapes:
exponential, linear, constant or user-defined.
The user specifies the goal number by year
(blue column) according to the determination
of the shape of target function. In the “input”
part, the user declares the estimate of inputs
to rank A by particular year (in our case, this
value is set to 10). The lower boundary (LB)
represents the lower boundary of the inputs to
the rank A that is determined by user, which is
basically determined from the historical data.
The upper boundary (UB) is determined in a
similar way (in our case, this value equals 20).
In the “fluctuation” part of the input, the user
estimates the value of the expected fluctuations
(0), lower boundary (0) and upper boundary (2).
In the “promotions to higher r.” part (to higher
rank), the user estimates the regular number of
promotions (20), lower boundary (0) and upper
boundary (50). In order to determine the trends,
i.e., the dynamical response of the system, the
user has to estimate the yearly transitions. In
this part, the user determines the number of
inputs, fluctuations and promotions to higher
rank. The system automatically determines the
coefficient that is applied at the determination
of the dynamical response of the system for the
next period. The initial values are predefined
and are determined according to the analysis
of the historical data for the past eight years.
The described determination of estimates and
parameter boundaries contributes to better user
perception of the problem definition and the
regular values of parameters that determined the
dynamics of the particular rank in past period.
The described data in the user interface
should be considered as the input to the system.

Here, the meaning of the particular input is
presented, which is different for each particular
case. One of the major limitations in providing
the full case example is the sensitivity of the
military data.
The results of the numerical procedure
defined by the user are a defined strategy that
enables the attainment of target functions. Input
parameters are bound with the set of possible
values determined from the historical data and
feasible values of considered systems. By considering the parameter boundaries, the strategy
can be chosen and applied to the real system.

6 RESULTS
Figure 8 shows an example of the strategy for
determination of goal values for three ranks:
“A”, ”B” and “C”. The x-axis on the graphs
represents time in years, while the y-axis represents yearly transitions with units [man/year].
“P” represents input to particular rank, “F”
fluctuations and “N” promotion to the higher
rank. The intensity of changes in control actions
that should be moderated is of particular interest here. Here monotone changes are desired,
meaning that, for example, promotions should
be monotonically increased or decreased in the
following period. Such a condition provides
moderated policies which do not oscillate and
are more convenient to carry out. The developed
system considers the above-mentioned aspects
and provides a moderate solution to stated goal.
By the consideration of the strategies shown
in Figure 8, the state of the system approaches
the target values. The boundaries of parameters
determine whether the target values will be
attained in the given time period or not.
Figure 9 shows the attainment of the target
values for rank C when the strategies shown in
Figure 8 are carried out. Due to classified data,
the values on the graph are normalized. On the
x-axis, the time in years is represented, while on
the y-axis the rank members are shown. In this
case, the target values are reached in two years.
Target values are defined by the exponential
function. In this case, parameter boundaries did
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Figure 7. Data input / user interface

not significantly influence the target values attainment; the deviations of the system response
from the target values are small.
Figure 10 shows an example of the unreachability of the target function at time “1” in the
case of rank “C”. The cause for unreachability
could be the following: a) the input is set too
high to rank C, b) the fluctuations are too small
or c) the number of promotions to the higher
rank is too small. That the goal state is lower
than the initial state must be considered.

Figure 9 and Figure 10 show two distinct
cases of system response that are dependent on
the limitations of control actions. In our case,
the boundary vectors with key parameters of
simulation model are in question.
Figure 11 shows an example of the possible solution automatically computed by the
developed system and provided to the decision
making group. Depending on the parameter constraints, feasibility, and government policy, the
possible acceptable strategy could be selected
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Figure 8. Example of transition values (P), fluctuations (F) and promotions to higher rank (N)
for three ranks A, B and C

Figure 9. Reachability of the targe values for rank C at the consideration of proposed strategy

and implemented. Similar output is presented
to the decision makers for an additional seven
ranks, eight in all.

7 CONCLUSION
Controlling manpower in a military system
could be efficiently explored by the application
of simulation models developed by the principle
of Systems Dynamics. However, complexity, as
the main obstacle, occurs here. For only eight

ranks, the user should define more than 300
variables: a demanding task. The developed
user interface in our case enables transparent
work at the determination of strategies. Automatic determination of key parameter values
is important due to the scale of the addressed
problem. The user has to experiment with the
model in order to understand the structure of the
system, its dynamics and limitations. When the
user understands the system, proper strategies
can be formed. The approach applied in the pre-
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Figure 10. Unreachability of target value at time 1 due to the parameter boundaries

Figure 11. Strategy determination for particular rank

sented research showed that, with the analysis
of historical data, the parameters’ boundaries
could be determined, thus reducing the search
space of the optimization problem.
The problem stated as “How can we to reach
the target number of men in a particular rank?”

could actually be reframed as “Is it possible to
reach the target number of men in a particular
rank by considering the limitations of the system?” In technical terms, one encounters the
problem of the system reachability.
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It is important to note that three approaches
were applied to the development of the model:
SD, discrete-event and continuous simulation.
This contributes to a higher level of validation
confidence and has been shown to be good
praxis.
The SD methodology proved to be an
excellent tool to present the users with the
hard methodological concepts. The cascading exponential delay structure represents an
abstract form of the considered system whose
main characteristics could be easily presented
to the users by the experimentation on the SD
model. If the user does not fully understand the
concepts applied in the developed system, the
acceptance of the developed strategies cannot
be reached.
The importance of the user interface
transparency was clear during the training of
the human resource officers towards the end
of the project. The developed interface was
positively accepted by the users, thus confirming the concept. The user interface in our case
could hardly be separated from the holistic idea
of applied methodology. In order to properly
apply methodology, the user interface is of the
central importance.
The proposed strategies, which are automatically computed by the developed system,
have a large impact on the national scale.
Therefore, the decision whether to implement
any particular strategy should be thoroughly
considered by the expert group before putting
it into action. Here, informed group decision
making supported by the simulation model
(Škraba et al., 2003; Kljajić, 2006; Škraba et
al., 2007) is inevitable.
The main contribution of the paper is the
reduction of the optimization model complexity
by the introduction of target trajectory function.
However, one should note, that delivering
a rational strategy by hand for eight ranks and
several years into the future is almost impossible due to the described scale of the problem.
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ABSTRACT
Intercropping, which is the agricultural practice of growing two or more crops in the same land area, is not
currently yielding adequate results in Africa. Despite the advantages of intercropping like improved soil fertility, protection against pests and diseases and eventual increase in farm yield, this farming practice is faced
with challenges—inadequate planning, bad crop management and lack of required intercropping expertise.
Consequently, this has resulted in inadequate reward for farmers and a general decline in crop production.
In this regard, the authors present an Intelligent and Integrated Intercropping Decision Support System for
Intercropping (IDSS-I) for improved crop production. The design adopts a forecasting component that provides
farmers with the estimated yield and income depending on the size of land, soil type and weather condition.
Although the implementation was carried out using JAVA and SQL, usability testing revealed 85% acceptance
of the tool among the contacted 10 large scale farmers. It was also confirmed that the system provided 95%
diagnosis information for 90% common Africa crop diseases.
Keywords:

DSS, Farmers, Farming, Food Security, Intercropping, Yield

INTRODUCTION
Presently, there is food shortage all over the
world, especially in developing countries. This
is because crop production is declining which is
leading to high cost of food items. Crop production is declining because of lack of adequate
expertise and technology to support farming
activites. It was also discorvered that some
farmers have left the farming business because

DOI: 10.4018/jdsst.2010070105

of lack of adequate reward. Some other previous
studies have also identified that crop production is declining and requires major attention.
In developing countires, very few agricultural managers or famers have genarally taken
interest in Information Technology for better
decision making and improved economic efficiency of rewards. This is because there are
few or no agricultural support tools is at their
disposal.
Intercropping is the growing of two or
more crops simultaneously on the same piece
of land. Intercropping is a cropping system that
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leads to improvement in the fertility of soil and
hence increases the crop yield. It also serves as
a way for providing resistance against pest and
diseases, weed suppression, reduction of erosion
and insurance against total crop failure due to
abnormal weather condition. However, a major
concern in intercropping is how to efficiently
crops are mixed on farms in order to have optimum yield since these crops have different
soil requirements, different weather condition,
different methods of fertilizer application, and
different methods of pest and diseases management. Also, the right selection of crops or
pastures best suited or having complementing
effects on one another into each paddock on the
farm for production and resource conservation
is a complex process.
Decision Support System (DSS) is proposed to effectively manage intercropping
activities for improved efficiency. In many
situations the quality of decisions is important.
Techniques for disciplines such as statistics,
economics, and operations research have been
deployed for making rational choices. More
recently, these methods, often enhanced by a
variety of techniques originating from information science, cognitive psychology, and artificial
intelligence, have been implemented in the form
of computer programs, either as stand-alone
tools or as integrated computing environments
for complex decision making. Such environments are often given the common name of
decision support systems (DSSs). The concept
of DSS is extremely broad, and its definitions
vary, depending on the author’s point of view.
Turban (1995) defined DSS specifically as “an interactive, flexible, and adaptable
computer-based information system, especially
developed for supporting the solution of a nonstructured management problem for improved
decision making. It utilizes data, provides an
easy-to-use interface, and allows for the decision
maker’s own insights”. Power (2003) defined
DSSs as all types of information systems that
support decision making. DSS integrates a userfriendly front end to often-complex models,

knowledgebases, expert systems, and database
technologies (Jones, 1989; Power, 2002).
Decision support systems are gaining
an increased popularity in various domains,
including business, engineering, the military,
and medicine. They are especially valuable
in situations in which the amount of available
information is prohibitive for the intuition of
an unaided human decision maker and in which
precision and optimality are of importance.
Decision support systems can aid human cognitive deficiencies by integrating various sources
of information, providing intelligent access to
relevant knowledge, and aiding the process of
structuring decisions. They can also support
choice among well-defined alternatives and
build on formal approaches, such as the methods
of engineering economics, operations research,
statistics, and decision theory.
The farming sector has seen an increasing
interest in the potential of decision support
systems (DSS) in recent years. It has been rocognised that computer based Decision Support
Systems (DSSs) have well established tradition
with agriculture by playing significant roles in
farming activities. The concept and practices of
DSS offer great potentials for improved cropping system. In this work, a Decision Support
System (DSS) is proposed to support for the
realisation of efficient intercropping system.
The idea is that if intercropping is supported by
DSS, there will be improvement in the quantity
of yield hence, more income to farmers. This
will consequently enhance the living standard
of the farmers and the community at large.
Also, more farmers will then be encouraged to
stay in the business. Since in farming, proper
planning is paramount and decisions are often
made to reflect different farming requirements,
DSS tools are widely used to assist in efficient
decision making.
In this work, an Integrated Decsion Support
System for managing cropping activities for
improved yield is presented. This is to provide
support for farmers and encourage them to
continue with their farming business.
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RELATED WORKS
Several woks have been done in the field of
decision support system in agriculture. One of
which is the Decision Support System (DSS)
designed for land use planning and evaluation
(De la Rosa et al., 2008). The International Food
Policy Research Evaluation For Management
carried out a study to evaluate the economic impact of agricultural research and development,
particularly innovations such as new varieties
of crops (IFPRI, 2003). The system adopted
expert system technique for the design of DSS.
In Mathews et al. (2007), a DSS implementation of a spatial DSS for rural land use
planining was carried out. The work integrated
GIS and environmental models with search
and optimisation algorithms for efficient land
use. Another project on DSS in agriculture was
developed for matching tillage implements
with 2WD tractors and for predicting the field
performance of the tractor-implement system
(Sahu & Raheman, 2008). The DSS provides
the intuitive user interfaces by linking databases
such as tractor, tire and implement specifications, draft and traction models constants, soil
and operating conditions to support the decision
on matching and to predict the performance of
a selected tractor-implement system.
In Mathews et al. (2008), a review of
farming based DSS was carried out. The work
concluded that the limitations on effectiveness of DSS largely depend on institutional
and socio-political environment. Segrera et
al. (2003) presented a paper that centered on
reviewing the evolution of Decision Support
System’s (DSS) architectures, particularly as
they apply to natural resources.
The Decision Support system for Agriculture (DSS4Ag) is an agricultural DSS
tool. This is an expert system developed by
the Site-Specific Technologies for Agriculture
(SST4Ag) precision farming research project
at the INEEL. DSS4Ag uses the state of the art
artificial intelligence and computer science technology to make spatial variables, site specific,
economical optimum decision on fertilizer use
(Hoskinson & Hess, 1998).

The Great Plains Framework for Agricultural Resource Management (GPFARM) DSS
is also a strategic planning tool for farmers,
ranchers, and agricultural consultants that incorporates a science simulation model with an
economic analysis package and multi-criteria
decision aid for evaluating individual fields
or aggregating to the entire enterprise. This
is a product of a collaborative effort of the
USDA-ARS Great Plain Research Center Unit
(GPSRU) and the Colorado State University.
The project was completed in 2003 with a current version 2.6.
Operational and tactical decisions can be
made with the International Consortium of
Agricultural Systems Applications’ Decision
Support System for Agrotechnology Transfer,
DSSAT (ICASA, 2004). The DSSAT is an
internationally used DSS that allow researchers to model the response to management of
many crops.
Other DSS that considered the interaction
of producers, intermediate production and
consumers includes the International Food
Policy Research Evaluation For Management,
or DREAM program (IFPRI, 2003). DREAM
was designed to evaluate the economic impact of
agricultural research and development, particularly innovations such as new varieties of crops.
Pl@nteInfo is a Web platform that supports
farmers’ decisions in crop management (Jensen
et al., 1998). The system combines static documents with databases and simulation models.
Users can access static information about crop
diseases and results of dynamic simulation of
disease risk on the base of real-time data on
weather and current pest recording. Pl@nteInfo
uses two central Web servers for information,
data, and models. The user interface consists of
HTML pages in a client’s Web browser. Results
of data queries and simulation runs are assembled using Perl CGI scripts. Graphs for risk
calculations are generated using SAS programs.
This system has been put online since 1997
and is still operating on a subscription basis.
In this work, an Integrated Decsion Support
System for managing cropping activities for
improved yield is presented. This is to provide
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support for farmers and encourage them to
continue with their farming business.

The description of the stages is as follows:
A. Pre-planting

DESIGN METHODOLOGY
In this work the version of the original Simon’s
model (Simon, 1979) augmented by the Implementation Phase (Srague & Carlsson, 1982)
was adopted in Integrated Decision Support
System for Intercropping (IDSS-I) (Figure 1).

A major activity that is normally not carried
out or ignored in farming practice is initial planning and analysis of cropping. IDSS-I provides
mechanisms for making pre-planting analysis
and estimation. The pre-planting strategies are
divided into three:

Intelligence Phase:

i.

This is where the problem is defined. The problem was defined earlier and it was shown that
there is the need to improve crop production
with appropriate and efficient DSSs.

System Design:
Integrated Decision Support System for Intercropping (IDSS-I) is designed to handle most
of the cropping activities that lead to improved
performance. The overall system structure of
IDSS-I is presented in Figure 2. It is shown
from the figure that it handles activities such
as pre-planting, post- planting, harvesting and
post harvesting activities.
Table 1 gives a summary of the DSS components applied in the Integrated DSS.

Farm planning

Based on data analysis and information
collected from experts, categories of crops that
can be intercropped is collected and stored in
the database. Based on the information from
the historical data and amount of data available,
the system is able to suggest land preparation
activities and the most appropriate time that
planting can commence. The system is also
able to recommend the quantities and types of
crops to grow based on the land size, nature
of soil and weather condition condition for
that period. It also give initial information on
what to be done and actions to take for optimal
yeild. It present a preview or summary of the
activities required for the planting season.it
then presents a farming schedule or guide that

Figure 1. Simon’s Problem Solving model

Copyright © 2010, IGI Global. Copying or distributing in print or electronic forms without written permission of IGI Global
is prohibited.

International Journal of Decision Support System Technology, 2(3), 67-82, July-September 2010 71

Figure 2. System design framework for IDSS-I

illustrates the key cropping activities through
out the planting period.

CPI = n
Σ (NAi / NRi)

ii. Crop Performance determination

* Rf
N ……………..Equation 1

This is to determine how a crop will perform under some conditions. At a particular
planting period, a crop will not be able to get
all nutrients required adequately. The Crop Performance Index (CPI) is a model that describes
the performance of crops.
The CPI is computed as follows:-

i=1

Where NRi = Amount fertilizer nutrient i
recommended for the crop
NAi = Amount of the nutrient i available
n = No of nutrient under consideration
Rf = Risk factor
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Table 1. A Summary of DSS components Applied in the I DSS-I
Design Aspect

DSS Components Used

DSS Category

Farming schedule and Cropping
strategies

Knowledgebase

Crop Performance determination

Model

Model driven
Model driven

Database and knowledge driven

Yield Estimation

Model

Planting Technique

Knowledgebase

Fertilizer Application

Expert system

Weed Management

Knowledgebase

Database and knowledge driven

Pest and disease Management

Experts system

Knowledgebase and inference engine
driven

Harvesting Techniques

Knowledgebase

Knowledge driven

Yield gap Analysis

Model

Storage Technique

Knowledgebase

CPI ranges from 0 to 1. If the CPI is 1, then
the crop will perform very well.
The risk factor (Rf) takes care of unexpected
events such as climatic changes, changes in
government policies, fire outbreak, e.t.c.
This is calculated by identifying five major
risk factors common in developing countries
(Table 2).
The risk factor is the number of possibilities divided by five. The farmer from a sample
soil test from his land obtains the nutrient available. The 3 nutrients in consideration include
Nitrogen (N), Phosphorus (P) and Potassium
(K). The fertilizer nutrient required is determined by the fertilizer nutrient recommendation
of each crop.
iii. Yield and Income estimation
It is important for farmers to have an idea
of the expected reward of the farming business. If the reward or expected is not adequate,
the farmer can make adjustment by properly
changing crop mix, making adequate nutrients
available, e.t.c.
The Expected Yield is estimated as follows

Database and knowledge driven
Knowledgebase and inference engine
driven

Model driven
Knowledge driven

And
The Expected Income is estimated as
IjE = YjE * Cj………………………Equation

3

Where YjE = Expected yield for crop j
SL = land size (m2)
CjS = Spacing for crop j (m)
YjA = Average yield per stand (Kg)
CPIj= performance index of the crop
Cj = cost per kg of the crop
B. Planting
IDSS-I also provides information to farmers on the following planting activities.
•
•
•
•

No of seeds to plant per hole
Depth of seed
Spacing
Germination Period

Most farmers (especially local farmers) do
not put the following activities into consideration. Information about all these activities will
be acquired from stored database.

YjE = (SL / Cjs) * YjA * CPIj………………Equation 2
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Table 2. Risk Factor Table
Risk

Possibility of occurrence
(1 if possible, 0 if impossible)

Fire
Flood
Erosion
Draught
Change in government policy

C. Post Planting Stage
The activities here are concerned with the
maintenance of the crop until they are ready
for harvest. The three major activities that will
be incorporated into the post planting stage of
IDSS-I are

the next weeding date, sends it to the weed
controler which then triggers a weeding alert
on the given date.This alert continues until it
is indicated that the weeding has been done.
The pseudocode the weeding logic used
is given below:

i.

For each intercrop
Get plantingdate for legume;
While(final harvest is false)
{
If period=’Raining season’

Weed Management (Figure 3)

Weeds generally reduce crop yields through
competition for limited resources such as light,
water and nutrients. Though farming business
requires proper monitoring by visiting the farm
every time, IDSS-I provides effective monitoring alerts so as to make intercropping easy to
practice for core and non-core farmers.
The weed manager consist of the weed
controller and the weeding logic. The weed
controller gets information on season of the
year,date of planting,last date of weeding and
type of weeding from the knowledgebase and
sends it to the weeding logic who then calculates

{
If weeding = null
Weeding = planting date + 3wks
Else
weeding = weeding + 3 wks
endif
}

Figure 3. Weed Manager Structure
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Else
If period = ‘dry season’
{
If weeding = null
Weeding = planting date + 4wks
Else
weeding = weeding + 4 wks
endif
}
Endif
If (weedingdate = ‘Now’)
{
Alert = ‘true’;
}
Else
{
Alert = ‘false’
}
endif
}
endif

The weed management components also
provide information on type of weeding recommended and suitable herbicide to use and how
to efficiently utilize them.
ii. Fertilizer Application Management (Figure
4)
diagnosis and treatment expert system
An expert system was designed for the
IDSS-I fertilizer application.The expert system
design for fertilizer application is a rule based
expert system. The farmer will interact with the
system through the user interface which will
use menus and natural language.
The expert knowledge is store in the
knowledgebase and is represented in form of
IF-THEN rules,
e.g., IF N content = ‘low’ . and. crop =
‘maize’THEN fertilize is required at 120kg N/ha
Then the inference engine is used to reason
with both the expert knowledge and data specific
to fertilizer application.

The rules base is data driven using forward
chaining to draw conclusions from existing data.
Based on crop, crop requirements and nutrient
available our inference engine will proffer if
fertilizer is needed or not from the knowledge
base, inferred from several inference rules, and
if needed it will suggest a suitable fertilizer for
that particular crop and when to apply it. The
system will also provide information on the
best way of fertilizer.
iii. Pest and diseases management
Pest and diseases have been major factor
that affect the growth of crops. IDSS-I incorporates the use of expert system for pest and
disease diagnosis and treatment. The expert
system design for pest and disease control
application is a rule based expert system. The
typical functions of the pest and diseases management component of IDSS-I pest and disease
expert system are:
a.

Pest control

The pest and disease inference engine
obtains crop affected by pest and area of attack
from the farmer, list possible pest that could
affect that crop from its knowledgebase and
provides a means of checking that pest. The
expert knowledge will be represented in form
of IF-THEN rules like this:
IF Crop = ‘Tuber” AND
IF attack = “Stem” THEN
Pest = “rodent” AND control = check
rodent”
ELSE
IF attack = “leave” THEN
Pest = “Insect” AND control =”check
insect”

A prevention or curative solution will be
given from the knowledgebase based on some
inferences by the inference engine.
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Figure 4. The structure of fertilizer application and the pest and disease

b. Diseases diagnosis and treatment

c.

IDSS-I provides an expert system technique
for diagnosis and of diseases.
Symptoms of different disease for different
crops are listed in topological order in the knowledgebase. The inference engine asks questions
which are declared as Boolean using option
control from the user. Based on the responses
we shall apply IF-THEN rules that will lead
to the identification of possible diseases and
curative solutions will be given. This is also a
forward chaining approach. A typical diagnosis
is represented as follows:-

For most crops, the harvest time are often
predetermined and at times depend on the
physiological maturity of the crop and prevailing weather conditions, both of which a farmer
has little control. Nevertheless, IDSS-I provides
information about the likely harvest date (period) of a particular crop. When it gets to that
period, it continues to provide harvesting alert.

IF crop = “crop type” // were crop
type are Tuber/Cereal/Legume //
IF symptoms = “symptom1” AND symptom = “symptom2” AND Symptom = “Other
symptom”

THEN
Disease = “crop disease” AND control
= “disease check”
IF
.
.
ELSE
Disease = “undiagnosed Disease”
ENDIF
ENDIF

Harvesting

d. Post-harvesting
Before new farming season commences,
there is a type of analysis called yield gap
analysis, which is computed.
Yield gap is the difference between expected yield and the actual yield. If the yield
gap is high, there is the need to review the
farming activities. The IDSS-I normally keeps
the records of cropping activities of the farmer
from planting to harvest. A review of these
activities is then compared with decisions recommended through out the period in order to
discover what the real causes of the yield gap
were. IDSS-I provides reasons for the yield gap
from this (Figure 5).
YGAP j = YEj - YAj……………………….Equation
YGAPj = Yield Gap
YEj = Expected Yield
YAj = Actual Yield
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a.

Storage Techniques

IDSS-I provides the best storage system
for your harvest to prevent decay or destruction
thus maximizing profit.
The storage manager gets information on
the best storage technique from the knowledgebase based on crop type and suggests the best
way to store that crop.

• DecisionSupportDB.java
This class handles the database logic of the
program. It creates connection to MySQL database. Other classes use this class as a means
of fetching data from the database.

• DesisionSupportRules.java

IMPLEMENTATION
AND RESULTS

This is one of the important classes in the program. This class handles all the business logic
of the application. It ensures that the system
works with rule-based expert system.

IDSS-I Structure

• DiseaseExpert.java

The DSS application codes can break down into
a series of blocks of functionality.
Essentially this form a 3-tier architecture
as follows:

This class handles the functionality of the expert
system implemented in the diseases diagnosis
section of the program. When the application diagnoses a disease, the class is used for
matching the particular disease. The expert
functionality is implemented by querying the
database system, retrieving all the diseases for
the particular crop being diagnosed. The result
set retrieved is compared with the symptoms
selected from the application; this filters the
result into the disease we want. Although an
If-Else logic could have been used but this
creates a lot of complications due to the large
number of conditions we need to check before
arriving at our result.

•
•
•

User Presentation
Logic Layer
Data Layer

User Presentation
This is what everyone sees once the start the
application. In this layer, the underlying data
are presented in a form that average user can
understand.
The presentation layers consist of the
human-computer interaction part and the decision/result display part which has a facility for
printing if required (Figure 6, Figure 7, Figure 8).

Logic Layer
This layer contains the underlying codes to
handle the logic of the application.
The DSS uses the following Java classes
and enumeration to provide the implementation
for this layer.
In developing this application, the major
classes used to implement the functionality of
the system are:

• FertilizerApplication.java
This class basically handles the fertilizer application. To apply fertilizer to crops, certain
requirement must be considered such as the soil
nutrient. Based on this requirement, this class
uses the information given and dynamically
makes decision/ recommendation for the user
of the system.
The work done here is to get the requirement
from the information the user has entered. This
information is used to determine the fertilizer
need of the program. Once this has been determined by the program, the fertilizer is fetched
from the database.
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Figure 5. Structure of the Storage Manager

• Harvesting.java
This is the class that provides information
regarding the period of harvesting. It retrieves
the information from the database based on the
crop selected. The DecisionSupportDB.java
class is used to connect to the database. When
connection is established, a query is executed
on the database itself. This returns a result set,
the result set is further sent to another class
(Output.java), this handles the formatting of
the result displayed on the jTextfield control.

• Storage.java, PlantingDate.
java, WeedingAlert.java
and PestControl.java
Just like the Harvesting.java class, all the classes
above retrieve their information from the database. The result is processed by the Output.
java class for formatting.
Other classes used in the program are
support codes that are needed for the classes
discussed above.

• Enumeration
Level, Nutrient

The class diagram below illustrates the
logic of the application and the interaction that
exist among the various classes.

DATA LAYER
The underlying data is the most important part
of the application. Without data, all the rest is
meaningless. The most popular way to store
data is in a relational database.
The DSS database was created using
MySQL However, many other forms of databases are available. The MySQL database
Engine is the core service for storing, processing and securing data. The database engine
also provides rich support for sustaining high
availability. The database stores vital information in tables which are needed by the inference
engine for evaluating user’s input and processing the output.
The tables created are as follows:
➢ Fertilizer
➢ Alert
➢ Diseases
➢ Planting
➢ Planting_Log
➢ Preplanting
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Figure 6. Presentation layer for IDSS-I

➢ Weeding
➢ Weeding_Log

RESULTS AND DISCUSSION
The following evaluation tests were carried out:
•

•

Usability test - Ease of Use (ease of understanding, navigating and interacting
with the interface). The usability testing
is a technique for ensuring that the intended users of the system can carry out
the intended task efficiently, effectively
and satisfactorily.
Operation Efficiency test (coverage of the
farming practices effectively)

•

Accuracy of Results test (accuracy of decisions and suggestions)

These tests were conducted by allowing
10 users (farm managers) to use the system
to manage their farms for one farming period.
The farmers were then asked to give their
evaluation of the system. The variables used for
the evaluation were graded as follows:•
•
•

0 for Poor
1 for Good
2 for Excellent

The outcome is shown in the Table 3.
As shown in Table 3, the maximum score
for each tested variable is 20.
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Figure 7. Presentation layer for IDSS-I

Figure 8. UML diagram showing the interaction among the classes
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Table 3. Evaluation Result
Farmer

Ease of Use

Operational Efficiency

Accuracy of Result

1

1

2

2

2

2

1

1

3

2

2

2

4

1

2

2

5

2

1

1

6

2

2

2

7

1

1

1

8

2

2

1

9

2

2

2

10

2

2

2

Total

17

17

16

The result shows that:Usability – 85%
Operational Efficiency – 85%
Accuracy of result – 80%
From the evaluation, it can be seen that
IDSS-I is highly efficient, effective and satisfactory to the target users (farmers).

CONCLUSION AND
FUTURE WORK
It has been shown in this work that DSS can
be applied to improve quality of crop farming. Consequently, it might also be necessary
to develop an integrated DSS for other form
of faming practices such as fish farming and
poultry farming. This work can also be extended
to cover other types of intercrops.
With the introduction of IDSS-I into farming practice in developing countries, the belief
is that the problem food shortage will come to
pass and more farmers would stay on the busi-

ness. This will make farming a more rewarding
practice and help alleviate the global food crisis.
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