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ABSTRACT

Decision confidence is a factor in indicating the
acceptance and use of a DSS. Prior research has
shown the presence of both over and under
confidence resulting in DSS use and both could lead
to disastrous outcomes for the organization. There
are very few methodologies or strategies designed to
address issues related to decision confidence and
user calibration a group setting. Achieving perfect
calibration avoids the negative impacts on
organizational performance that can occur in the
presence of either over or under confidence. To
address this issue, Kasper develops the theory of DSS
design. Kasper emphasizes the need for empirical
work and for testing of the theory. We present an
incentive-based experimental approach for aiding in
achieving the goal of high levels of user calibration
in a business lending situation. The technique draws
directly from economic literature. The technique
described in this study is easy to implement and can
be an additional mechanism in the DSS designer's
tool bag.

Keywords: Calibration, Illusion of control, Induced
value concept, DSS design, Experimental economics,
Group decision making.

INTRODUCTION

Decision confidence is "One's belief in the quality of
the decision” [10] and is a factor in indicating the
acceptance and use of a DSS. Overconfidence can be
defined as “having unmerited confidence- believing
something or someone is capable when they are not”
(Wikipedia). It can also be defined as “The ability to
solve difficult or novel problems is often overstated”
[1]. Researchers have shown that overconfidence in
judgment exists ([2], [5], [11], [29]). While such
massive levels of overconfidence seem unreasonable,
overconfidence is perhaps the most well-established
phenomenon in the behavioral sciences. When asked
about many things, such as driving, a large majority
of all people rate themselves as above average [13].
A long stream of experiments have found that people
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are overconfident in a wide variety of tasks ranging
from trivial pursuit type questions to the perception
of acoustical signals ([15], [20], [28]).

The existence of overconfidence has been examined
in many settings. Panko [19] reports the error rate is
between 2% and 5% in software development.
Researchers also find that about one third of
development effort goes toward post development
error correction (Grady, 1995). Even with such post
development efforts, errors of 0.1% to 0.4% still
remain [19]. Researchers have also studied
spreadsheets to determine whether the spreadsheets
have errors and if so the extent of such errors. Few
firms have mandates on end user application testing
and individuals rarely systematically test their work
[19].

Overconfidence has also been seen in decision
support systems use and in database queries. Even
experts in a wide variety of fields are often
appallingly overconfident within their domains of
expertise [9]. Overall, in both contrived and realistic
tasks, there seems to be a pervasive human tendency
toward overconfidence. Prior research has shown the
presence of both over and under confidence resulting
from the use of a DSS. Both could lead to disastrous
outcomes for the organization. Overconfidence could
lead to the development of lower quality decisions as
the users may ignore other sources of information [6].
Overconfidence in DSS could also result in users
engaging in a course of action that results in negative
consequences for the organization and/or the decision
maker. Under confidence in the DSS and in its
support could result in lost opportunities.

Few methodologies or strategies designed to address
issues related to decision over confidence and user
calibration exist within DSS setting. Kasper [10]
proposed a DSS design theory for user calibration.
Kasper’s work focuses on the issues of “calibration”
and "user calibration." Kasper defines calibration as
“a measure of the correspondence between the
subjective decision confidence one assigns to a
decision and the objective quality of that decision.
Kasper goes on to coin the term “user calibration”
and hypothesizes that the design of a DSS can affect
decision maker (user) calibration. Achieving perfect
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calibration avoids the negative impacts on
organizational performance that can occur in the
presence of either over or under confidence. While
Kasper’s theory plays an important role in DSS
calibration, we suggest that there are additional tools
and techniques that are both easy to understand and
implement. Our purpose here is to describe and
illustrate an additional useful concept and mechanism
that is easy to understand and implement for use in
the DSS designer's "tool bag."

We also suggest the potential importance of an
incentive-based approach for aiding in achieving the
goal of high levels of user calibration. This approach
draws directly from basic economics and uses both
information ~ charges and  performance-based
monetary rewards. Using a line of research that we
have been pursuing, we offer the results of a set of
experiments to illustrate the procedure. The
motivation for our research stems from the
observation of Morris and Marshall [18] who notes
“There exists paucity of research on examining issues
related to psychological (perceived) control within
the IS research.” In section 2 we review relevant
literature.  We then describe our experimental
process and present the results. We conclude with
summary remarks.

PRIOR RESEARCH

Researchers such as Langer suggest that over
confidence occurs due to illusion of control. Langer
[14] defines illusion of control as "an expectancy of a
personal success probability inappropriately higher
than the objective probability would warrant” (p.62).
Langer attributes this phenomenon to the need in
individuals to maintain personal control. Langer
found evidence to suggest that when a chance
situation is similar to a skilled situation, there is a
greater likelihood of the existence of illusion of
control. There are many ways competition, choice,
and involvement in a chance situation to introduce
illusion of control within a decision making
environment [14]. Morris and Marshall [18]
developed a survey instrument to assess perceived
control.  The concept of perceived control was
operationalized and found to be a as a multi
dimensional construct consisting of five factors
timeframe, feedback signal, feedback duration,
strategy, and metaphor knowledge.

To address the issue of illusion of control and mis-

calibration, Kasper [10] developed a theory of DSS
design. Kasper's theory of DSS design draws heavily
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from behavioral theories and utilizes the properties of
"expressiveness, visibility, and inquirability." Kasper
further argues that “the DSS design theory for user
calibration asserts that the DSS symbols and actions
needed for users to achieve the goal of perfect
calibration are prescribed by the properties of
expressiveness,  visibility, and inquirability.”
Expressiveness refers to the tone in which dialogue
symbols are presented, visibility refers to seeing the
DSS and the specific problem being addressed, and
inquirability refers to the extent to which the system
is designed for user calibration. Kasper emphasized
the need for empirical work (p. 229) and for testing
of the theory (p.228). We concur with his argument
about the importance of accurate user calibration.
We also agree with the importance of empirical and
theory testing work.

In some organizations and settings, however, it may
be extremely difficult or expensive to pursue this
path. As Kasper [10] emphasized in his concluding
remarks, "Much empirical work remains to be done
before specific recommendations can be made."
Over time, empirical research can help relate
organizational characteristics and settings to the
effectiveness of design approaches.

Laboratory experiments have shown that illusion of
control exists in situations involving the use of DSS
([31, [41, [12]). Popular spreadsheet programs such
as Microsoft Excel have What-if analysis capability.
What-if analysis presents a subset of DSS
capabilities. Davis and Kotteman [3] conducted two
experiments to determine whether the use of What-if-
analysis creates a climate for illusion of control and
thereby causing the decision makers to overestimate
the role and effectiveness of the DSS. The two
experiments involve a production planning task.
Perception of users with What-if analysis capability
is compared to the users who do not have such
capability, i.e. unaided decision making. The results
of the first experiment indicate that that although the
use of the What-if capability did not provide an
advantage, the users perceived that the use of What-if
capability was superior when compared to unaided
decision making. In the second experiment, they find
that although the use of a quantitative decision rule
would have led to significant cost savings, the users
were indifferent between What-if analysis and the
quantitative decision rule. Davis and Kotteman [3]
thereby conclude that the use of What-if analysis
capability led to illusion of control and go on to state
“Such misjudgments could lead people to continue
using What-if analysis even when it is not beneficial
and to avoid potentially superior decision support
technologies.”
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Davis and Kotteman [4] also assessed the use of
decision rules within the production planning
environment. They initially find that in the base case
subjects underestimated the usefulness of a decision
rule. The use of the decision rules resulted in a
significantly higher performance. The researchers
proceeded to provide the subjects additional
information, namely feedback on their performance
and an explicit statement of the benefits associated
with using the decision rule. With feedback perceived
usefulness of the rule, use of the decision rule, and
performance all increased. Description of the rule
benefits did not lead to improvement in either
perceived usefulness of the rule or the performance.
They argue that the use of feedback is an effective
mechanism  for  increasing  perception and
performance.

Kottemann, Davis and Remus [12] conducted a
between subjects experiment to determine whether
the use of What-if analysis leads to the users
overestimating its capability within a production
planning environment. They find that the users who
had What-if capability expressed high confidence
even through such use led to significantly lower
performance than the non users. Kottemann, Davis
and Remus [12] conclude that "the present results
imply that decision makers may willingly, but
unknowingly, continue using What-if analysis despite
lack of actual performance advantages” (p.36). The
authors also highlight a need for future research in
this area to test implications of their findings.

Marsden and Mathiyalakan [16] examine
performance-perception relationships of users with
What-if facility under conditions where there is
performance based reward system and system usage
costs. In their study, subjects act as commercial
lending officers and use the What-if facility present
within a DSS to decide on loan amounts. In their
study, Marsden and Mathiyalakan use two alternative
DSS system design. In the first design, which they
term as the basic system, No What-if capability
exists. In the second system design which they refer
to as the advanced system What-if capability exists
for checking the impact of a proposed loan amount
on pro forma Income statement and Balance sheet.
Both systems do provide information support for
assessing management capability, economy, and firm
credit rating. They find that no performance
advantage results by using What-if facility. They
also find that the subjects were able to accurately
portray the support provided, a contrast to the earlier
findings where subjects perceived What-if to be a
useful tool even if it did not provide an advantage.
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These studies indicate that in some instances, due to
illusion of control the decision makers are unable to
accurately portray the value of the What-if capability
present within the DSS. This has a profound impact
for DSS designers and the organization. The
organizations may continue to provide and the
decision makers continue to use DSS that does aid in
performance even though the decision makers
continue to believe that these DSS provide valuable
support.

Issues related to decision confidence has also been
examined in group setting. In one of the earlier
studies in GDSS, Steeb and Johnson [27] find no
difference between groups with and without GDSS in
terms of decision quality. But the groups with GDSS
reported more confidence with their decisions.
Sharda et. al. [22] find that groups with DSS
performed better than groups without the DSS aid,
there was no difference between the two groups in
terms of decision confidence. Sniezek & Henry [26]
note that groups are more confident in their decisions
than individuals. Melone et. al. [17] find that DSS
had no significant effect on confidence. In another
study, Melone etal. [17] conduct a 2x2 (DSS
availability and decision environment) experimental
design to assess issues related to performance and
confidence. They found that DSS had an impact on
performance. But subjects’ confidence was not
correlated with DSS availability. They also find a
strong correlation between confidence and decision
quality for all experimental conditions. Soll [25]
hypothesizes that a major contributor to
overconfidence is random error. The results of an
empirical study show that most subjected reported
accurately but with substantial random error.

Our research uses the induced-value controlled
laboratory experimentation approach ([22], [23],
[24]) to analyze the performance of individuals and
of groups in decision making environments. In this
approach, a performance based monetary reward
system is used to induce optimal behavior from the
participants. Smith emphasized the importance of
such a reward mechanism to overcome possible
subjective tendencies and to increase focus on full
participation.  Gardner, Marsden and Pingry [7]
provide a detailed description of the key concepts and
implications for laboratory experimentation. The use
of performance-based rewards and information
access charges can be directed at achieving
meaningful subject performance and avoiding lack of
interest, absenteeism, or subject dropouts [16]. We
focus on the possibility of using monetary incentives
(information costs and performance based reward
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mechanisms) to drive accurate user calibration. As
true for any study of decision duality, our approach
requires determination of a quality metric.

In order for users to be able to successfully pursue a
profit maximizing process for themselves and for
their firms, two conditions must be present. First,
knowledge of all the relevant costs and benefits must
exist, and, second, the performance based reward
system present in a firm must incorporate all the
relevant benefits and costs. It is possible that
attitudes form due to a lack of knowledge about
benefits and costs. We expect that no mismatch
between perception and reality when the two above
mentioned conditions exist. That is, there would not
be any difference between perceived value and actual
value. Our intent is to examine issues related to
decision confidence and illusion of control in a group
setting where subjects pay for information. We argue
that illusion of control does not exist when subjects
have information on costs and when they act in a
profit maximizing behavior. Below, we detail the
procedure that we used examine decision confidence
and illusion of control in a group setting.

METHODOLOGY

Task and Software

In our experiment, the subjects act as commercial
lending officers. They face the task of evaluating
business loan applicants and deciding whether to
approve a loan. They could grant a loan ranging from
zero to the maximum amount requested. Loan
officers usually make individual analysis, and then
consult other fellow loan officers for extra input and
or suggestions. To simulate the real life commercial
lending process, we structured our experiments such
that a subject first makes an individual
recommendation and then interacts with other loan
officers to arrive at the group decision.

The software was designed in-house relying heavily
on input from a local bank officer and from a banking
professor colleague. In  making a commercial
lending decision, a loan officer relies on information
from a variety of sources. These include credit
reports, management capabilities, and financial
records. We sought to develop a system that mimics
the essential features of the commercial lending
process within the confines of a laboratory. At the
onset, information from the profit and loss statement
(sales, earnings before income and tax, interest,
earnings before tax, and earnings after tax), from the
balance sheet (cash, other current assets, net fixed
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assets, total assets, short term debt, long term debt,
stock, retained earnings, and total liability), and ratios
(quick, current, debt to assets, asset turnover,
earnings after tax to sales, earnings after tax to assets,
earnings after tax to networth, coverage, and the Z
score) were given.

The system provides both quantitative and qualitative
support. Subjects could pay to access information on
each of these elements. The quantitative support is
provided through a mechanism for performing What-
if analysis. This is similar to a DSS or the use of
spreadsheets to assess the impact of variation on a
parameter such as profitability. Such a feature is
extensively used in the financial sector. The system
is capable of presenting financial performance
statistics on the applicant firm if a loan of a particular
amount is granted. When provided with What-if
capabilities, subjects could also check the forecasted
balance sheet and projected likelihood of loan
repayment for any dollar amount between $1 and the
loan amount requested. The system can provide three
different types of qualitative information on an
applicant firm: a management capability rating
(high, good, marginal, and bad), a rating on the status
the applicant firm enjoys with the bank (good,
average, fair, and new), and an economic outlook
rating (good, average, and bad). The last of these
provides a rating on the economy as it relates to the
loan applicant firm, (i.e., the rating may be very good
for a particular firm in a specific industry but fair or
bad for a firm in another industry).

A subject can purchase information which represents
information signals relating to the likelihood of
default. Thus, if an applicant has good management,
good economic outlook, god customer status, and a
strong balance sheet, it is still possible for a loan
default to occur. This outcome, however, is less
likely than for a loan applicant with less favorable
information signals. Each signal accessed by a
subject results in a cost, an information charge.
Performance outcomes relate to net outcomes or loan
earnings minus information signal costs.

Procedure

The subject pool consisted of both students and bank
personnel. The subjects participated in an earlier set
of experiments where they acted as individual
decision makers. A purpose of the individual set of
experiments was to identify and select individuals
who exhibited performance similar to the bank
personnel. The group experiments involved subjects
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who had participated in individual experiments and
performed at or above certain levels. The subject
pool consists of sixteen students and two bank
personnel.  The student subjects were volunteers.
The sixteen student subjects were assigned to groups
of three (3) and five (5). The use of the bank
personnel was to determine whether there are any
differences in performance between the student
population and real-world commercial loan decision
makers. The use of subjects who participated in the
individual set of experiments was to help ensure
familiarity with the general decision-making process
and to attempt to develop groups equal in member
skills in the decision-making process (see [30],
discussion of groups without prior system exposure
failing to use the system in decision making).

Sessions lasting around 90 minutes were used to
avoid subject fatigue. In a session for a group, there
were a practice experiment (five decision periods),
and two experiments (each with seven decision
periods). In an experiment there were seven (7)
decision periods. In a decision period, a subject first
made a recommendation to the group. Then the
group through electronic negotiation arrived at the
group decision. The process was repeated for four (4)
cycles. Thus there were a total of 56 individual
recommendations (2 * 7 * 4) and 56 group decisions.

There is a participation fee of $7 and a performance
based fee of up to $12 per experiment. The subject
has the potential to earn up to $19. The best
performance involved loaning the largest amount of
money requested without incurring a default. A
subject earns positive rewards as a percentage of
repaid loans after deducting for all system usage
(information) costs. There were three components to
the performance based fee. One third was allocated
by per decision period individual performance,
another one third was allocated by per period group
performance, and the final one-third was allocated by
total performance (ending networth). Default
determination was a realization of a random process
set as a function of information on the applicant's
current and projected balance sheet, management
quality, sales forecasts, and economic outlook as it
impacts the applicant firm. If a default occurred, a
penalty was imposed. As suggested by the bank loan
officer consultant, the penalty was set equal to
twenty-five percent of the amount loaned. The
lending officer indicated that this was consistent with
net costs after collateral and loan security devices
were taken into account.

Measures
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Questionnaires were administered both prior to and
after an experiment to elicit subjective responses. The
dependent measures focuses on outcome of group
decision making. Perception toward system
usefulness formed the basis of subjective
measurement. The measures for perception were
elicited through use of a questionnaire. A five point
scale (Strongly Disagree.. Disagree.. Uncertain..
Agree.. Strongly Agree) was used to elicit the
responses to the following question: I find that I can
predict a loan default situation accurately. The
measures for task difficulty were elicited through use
of a questionnaire. A five point scale (Strongly
Disagree.. Disagree.. Uncertain.. Agree.. Strongly
Agree) was used to elicit the responses to the
following question: | find the task challenging.
Performance (Ending networth) which was an
objective measures was based on gross profit (loss).
The gross profit is based on the amount granted and
the prevailing interest rate. Gross loss is based on
amount granted, and optimal loan amount.

RESULTS

In this section we present our results. A statistical
analysis was performed using the statistical software
package SPSS. The two groups are referred to as
NDSS (GSS group without the What if capability)
and YDSS (GSS group with the What if capability)

Task Difficulty

Task difficulty was assessed in terms of the subjects’
responses to questionnaires administered both prior
to and after an experimentation. A five point scale
(Strongly Disagree.. Disagree.. Uncertain.. Agree..
Strongly Agree) was used to elicit the responses to
the following question: | find the task challenging.
The subjects reported that the task to be more
difficult after completing the experiment (For NDSS,
Z =-2227, p <0.05; For YDSS, Z = - 3.069, p <
0.005; see table 1 for details). We also performed
additional statistical analyses and found that there
was no statistically significance difference between
the two groups prior to the experiment (Mann
Whitney U = 485.5; Z = -0.358; p > 0.05). We also
did not find any statistically significant difference
between the two groups after the experiment (Mann
Whitney U = 483; Z = -0.424; p > 0.05).
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< Insert Table 1 here

Performance

We use networth to assess performance. Networth

related to the profit or loss associated with granting a

loan. The use of a GDSS did not result in

performance advantage (Mann Whitney U = 6258.00;
=-0.029; p > 0.05) (see also table 2).

< Insert Table 2
here >

Perception

To examine perception, we use the responses to an
item in the questionnaire which was stated as
“Participants with what-if facilities perceive that
when using a what-if facility they can determine
when a loan default situation occurs. Analysis of the
pre experiment survey (survey A, see table 3) shows
that no significant difference exists (Mann Whitney
U = 441; Z= -1.068; p = > 0.05) between the two
groups. But as a result of engaging in the
experiment, significant changes in perception
occurred for both NDSS (Wilcoxon signed text Z = -
2.562; p = 0.01) and YDSS (Wilcoxon signed text Z
=-2.525; p=0.012).

< Insert Table 3
here >

DISCUSSION, SUMMARY REMARKS
AND FUTURE RESEARCH
DIRECTIONS

This study is part of an ongoing project examining
issues related to individual and group decision
making using technologies. The purpose of this
manuscript is to report on the results associated with
group decision making. We find that in a challenging
task, no difference in performance exists between
subjects with and without a GDSS.  Both groups
(NDSS & YDSS) report significant change in
perception. Perception on the usefulness of the tool
dropped as a result on engaging in the
experimentation in an environment with performance
based rewards. The subjects were accurately able to
portray the capabilities of the GDSS. The use of
market  based  experimentation  environment
(performance based rewards and system usage fees)
resulted in illusion of control not being present and
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the participants could reconcile perception with
reality.

Our findings have important implication for system
designers and end users. We suggest that during
system testing, end users may not be able to
accurately portray the capabilities of the system as
there is no direct relationship between their rewards
and system capabilities. They may have inflated
beliefs on the capabilities of the system. But, an
organization has finite resources and a system that
does not provide the intended capabilities results in
wastage of resource.

We suggest the use of incentive mechanisms as a
tool in the pursuit of perfect user calibration. Results
of our initial experiments provide support for the
potential use of reward mechanisms as the driver in
achieving calibration. Given the growing use of
increasing use of incentive based reward schemas in
corporate America, our initial results support further,
more detailed, study of the relationships between
varying incentive mechanisms and calibration levels.

A key issue to be resolved by organizations is which
tool-set will prove most effective in their setting.
There will be organizations and settings in which
incentive mechanisms will be relatively easy to
structure and modify over time. In fact, prior
research does offer some support for the use of
rewards as a way of ensuring perfect calibration. Soll
[25] noted that the weather forecasters are well
calibrated and that the presence of historical data,
guided forecasts, and large sample size may have
contributed to this effect. He goes on to state:

Weather forecasters are evaluated and
rewarded according to accuracy and
calibration, a set of circumstances that might
motivate them to reduce judgmental
inconsistency. pp.134

Our results are based on a specific task using students
as surrogates for managers. This may limit the
generalizability of our results. To ensure greater
validity, our subjects were chosen based on their
performance in a similar task where they acted as
individual decision makers. The performance of the
subjects was compared to performance of
commercial lending officers and only those subjects
with comparable performance to the lending officers
were chosen for the group study. Issues may also
arise with the use of self reported measures for task
difficulty and perception.
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There is a need for additional testing before our
findings can be generalized across other domains. To
date, our results are limited since we used only a
single custom built system and dealt with only a
single task. The results do encourage us to continue
exploratory research expanding on both task and
environment alternatives. As DSS and GDSS
applications grow in flexibility and cost, it is
increasingly important to develop design aids that
increase the likelihood of system contribution. If
individuals are to utilize a DSS/GDSS optimally,
they must understand the system and be able to
accurately calibrate system contribution to task
performance.

Our research makes three contributions to the study
of DSS/GDSS and organizational productivity. First,
we present an easy to use and implement
methodology to promote user involvement and
achieve calibration. Second, we review relevant
literature in the field of DSS/GDSS, decision
confidence, judgment, and decision making, end user
computing and present summarized findings.
Finally, we identify additional research streams that
need to be addressed by researchers if we are to reap
the full benefits of DSS to the organizations.
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NDSS YDSS
Survey A (Pre)- 34111 3.25
Mean (SD) 0) (1.34)
Survey B (Post) 3.88 3.94
— Mean (SD) (0.94) (0.95)
Wilcoxon Signed Z = - Z = -
Test 2.227 3.069
P = P =
0.026 0.002
N =28
Table 1: Statistics for Task Difficulty
DSS NDSS YDSS
End Networth 174.25 (200.03) 130.81
€} (270.24)
Mann Whitney 6258.00
U
Z =-0.029; P > 0.05
N =28

Table 2: Statistics for Performance

NDSS YDSS

Survey A— Mean 3.69 (0.93) 3.47 (1.01)
(SD)

Survey B — Mean 3.25(0.84) 2.97 (0.93)
(SD)

Wilcoxon Signed Z=-2562 Z=-2525
Test P= 0.01 P= 0.012
N =28

Table 3: Statistics for Perception
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