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Organizations are heavily investing in enterprise-wide information systems and
performance scorecards intended to improve strategic decision making. However,
there is a need for better evidence that using these technologies systematically
improves organizational performance. To overcome the lack of experimental control
when studying real firms, the current study investigates decision behavior within a
realistic simulation of a wireless telephone company. A controlled experiment
involving 118 MBA students found significant differences between two types of
scorecards (financial vs. balanced) and two types of enterprise systems (fragmented
vs. integrated) regarding the simulated firm’s long-term financial performance. The
balanced scorecard positively affected decision makers’ mental models of how
elements of the simulated firm dynamically interrelate, which led to improved
performance. The integrated enterprise system had a positive effect on performance.
vi

Unexpectedly, the number of stakeholders taken into consideration was positively
associated with firm performance and was unaffected by the type of scorecard. These
findings yield new insights into the effectiveness of scorecards and enterprise
systems, and shed light on the underlying mechanisms responsible for these gains.
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Chapter 1 Introduction

Organizations are heavily investing in enterprise-wide information systems and
performance scorecards intended to improve strategic decision making ((IMA),
1996). However, there is a need for better evidence that using these technologies
systematically improves organizational performance (Ittner and Larcker, 1998).

This paper explores how two widely-used strategic performance measurement
systems (financial and balanced scorecards) supported by two enterprise-wide
information systems (fragmented and integrated enterprise systems) inform mental
models for strategic decision making within organizations. A clearer mental model of
the organization’s stakeholders, strategic resources, and the cause-effect relationships
that link them should permit the manager to more efficiently and effectively allocate
the organizational resources that ultimately drive value creation.

Managers use scorecards to aggregate and monitor the performance of an
organization’s strategic resources and they use enterprise systems to access that
information. Managers use these organizational resources to satisfy their key
stakeholders. However, different scorecards focus on different stakeholders and
different organizational resources, and each enterprise systems access information in
a unique fashion. It is not clear which scorecard and which enterprise system would
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most improve the manager’s mental model of the organization’s stakeholders,
strategic resources, and their interrelationships. Nor is it clear how such an
improvement in a mental model might translate into improved decisions and
improved organizational performance. This research provides a theoretical model
that addresses this issue and tests it with a simulation-based experiment. The
experiment was pre-tested and pilot tested to improve the design of the full study.

In the full study, 118 MBA students ran a firm for seven simulated years. The
simulation approximated a managerial setting. Every six simulated months, the
subjects allocated resources and received feedback in the simulator through a
scorecard supported by an enterprise system. We varied the scorecard and enterprise
system between subjects. We then determined how different scorecards and
enterprise systems informed mental models by measuring each subject’s mental
model of the stakeholders and of the organization and by observing the performance
of the simulated firm.

While integration of these issues in a single model is new, previous behavioral
research has explored the independent influence of scorecards, enterprise systems,
and mental models on decision performance. Behavioral accounting research has
explored how inclusion of critical performance variables in the scorecard influences
decision maker performance (for recent examples, see Hirst and Hopkins, 1998; Lipe
and Salterio, 2000). A recent managerial accounting steering committee called for
2

research on the influence of performance measurement systems on individual and
organizational performance (Atkinson et al., 1997). Behavioral decision support
system research has looked at the influence of decision guidelines on decision
performance (for a review, see Sharda et al., 1988). However, these experiments used
simple decision tasks, limiting their generalizability to strategic decision making in
organizations.

Behavioral decision research has explained how inconsistent information makes it
harder for people to understand causal relationships, which negatively influences
decision performance (for an example, see Einhorn and Hogarth, 1986).
Experimental dynamic decision making research has shown that inconsistent
information about different strategic resources leads to misperceptions of feedback
effects, causing deterioration in performance (Moxnes, 1998; Paich and Sterman,
1993; Sengupta and Abdel-Hamid, 1993; Sterman, 1989). These researchers have
made a significant contribution by highlighting basic limitations in people’s ability to
process inconsistent information. However, these researchers do not explain how
these limitations influence the decision maker’s understanding of the organization, or
how technology might bootstrap these limitations.

Much decision research has developed our understanding of how people should make
decisions with multiple objectives (Keeney, 1992; Keeney and Raiffa, 1976) or
multiple attributes (for reviews, see Stewart, 1992; von Winterfeldt and Edwards,
3

1986; Weber and Borcherding, 1993), as well as how to educate people to make
decisions this way (Clemen, 1996; Kleindorfer, Kunreuther, and Schoemaker, 1993);
however, we found no reference to research on what people actually do with that
understanding and how that influences performance. This research separates the
measurement of (1) what the decision makers know about the decision context, (2)
what they actually focus on, of what they know, in making strategic decisions, and (3)
how these influence performance.

Much mental model research has studied the influence of mental models on decision
performance (for recent examples, see Mathieu et al., 2000; Rowe and Cooke, 1995;
Wyman and Randel, 1998). This research, however, studied the decision maker’s
mental model of mechanical systems, not organizations (for reviews, see Gentner and
Stevens, 1983; Johnson-Laird, 1983; Markman and Gentner, 2001).

Extending the previous research to strategic decision making in organizations
requires:

•

understanding what attributes of scorecards and enterprise systems influence
managerial mental models of stakeholders and the organization

•

measuring managerial mental models of stakeholders and the organization

•

measuring decision outcomes and organizational performance
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•

a controlled yet realistic setting

With the theory and experiment developed in this paper, managers will better
understand how different scorecards and supporting enterprise systems contribute to
the manager’s mental model of the organization and how this mental model
influences organizational performance.

The rest of the paper is organized as follows. Chapter 2 develops the theoretical
model and hypotheses to be tested with the experiment. Chapter 3 presents the
decision task to be performed in the experiment and the simulator that supports it,
providing the context for this research. Chapter 4 explains the experimental method,
results, and discussion for the pilot study. Chapter 5 presents the experimental
method, results, and discussion for the full study and finishes with managerial
implications and directions for future research. The Appendix presents further detail
of the experimental design and the simulator.
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Chapter 2 Theoretical Model and Hypotheses

This research focuses on the manager’s mental model of the organization, examining
how scorecards and enterprise systems influence the manager’s mental model, and
how the mental model influences performance (see Figure 1). This chapter defines
these variables and proposes their relationships.

Scorecard
(financial vs balanced)

Mental Model

Value Judgments

Number of
Stakeholders in
Scorecard
Factual Judgments

Scorecard
Similarity

Performance

Value Judgments
H1 +

H2 +

Number of
Stakeholders in
Mental Model
Factual Judgments

Mental Model
Similarity

H4 -

H5 +

H3 +

Information
Consistency
Enterprise System
(fragmented vs integrated)

Figure 1: Summary of Hypotheses
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Total Value
Created

2.1 Mental Models
This research explores the role of managerial mental models of social systems in
strategic decision making. The term social system is used here to emphasize that the
systems under study here include people, as opposed to physical systems, which do
not.1 In the context of strategic decision making in social systems, a long stream of
decision research proposes that it is useful to think about decisions as being made up
of two types of judgments, value judgments – what people want the system to achieve
– and factual judgments – how people perceive the system operates (Keeney, 1992;
Simon, 1997). These interrelated judgments make up a manager’s mental models –
structures of knowledge used to describe, explain, and predict events in their
environment (Craik, 1943; Johnson-Laird, 1983). Borrowing from these decision and
mental model traditions, this research describes managerial mental models of social
systems in terms of their value and factual judgments.

1

Following Ackoff (Ackoff, 1971), physical systems are at most purposive, in that they seek a pre-

determined goal, thus the outcomes of their behavior is fixed or determined. Social systems, involving
people, are purposeful, in that they can choose their goal, thus the outcomes of their behavior is
variable and chosen. Furthermore, the social system is comprised of multiple, purposeful sub-systems,
with a common overall goal.
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Value Judgments
Value judgments are the manager’s objectives for the system’s overall performance
(Keeney, 1992; Simon, 1997). Strategy research suggests that the manager’s
objectives are based on organizational survival, which depends on management’s
satisfaction of its key stakeholders (for an overview of stakeholder theory, see
Freeman, 1984; Jones and Wicks, 1999). A stakeholder is any group or individual
that influences or is influenced by the achievement of the social system’s objectives
(Freeman, 1984; Frooman, 1999). Research shows that the manager’s value
judgments reflect the importance the manager places on different stakeholders
(Gregory and Keeney, 1994). Managers use these value judgments in their mental
models to make tradeoffs among investments in the resources that satisfy different
stakeholders (Rouse and Morris, 1986). Not including a stakeholder in the resource
allocation decision is equivalent to assigning zero weight to that stakeholder.

Factual Judgments
Factual judgments define the decision maker’s understanding of the observable world
and the way in which it operates (Simon, 1997, 55). These factual judgments include
nodes and links between the nodes (Meyer and Schvaneveldt, 1976), which combine
into a mental model that portrays the system it is intended to parallel (Craik, 1943;
Mathieu et al., 2000). A node is defined here as a variable in the model, including
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decision parameters, decision policies, and organizational resources. A link is
defined here as a causal association between two nodes.

Research in multiple objective decision making provides a useful framework for
classifying mental models, according to their level of specification detail and meansends detail (Keeney, 1999; Keeney and McDaniels, 1999; Keeney and Raiffa, 1976).
Specification detail is the disaggregation of the manager’s fundamental objective (a
node) into lower-level objectives (nodes) that define the fundamental objective’s most
important attributes (Keeney, 1992). Means-ends detail is the definition of the causal
relations (links) between the means objectives (nodes) and the fundamental objectives
(nodes), which describe how to achieve the fundamental objective (Keeney, 1992).
Thus, specification detail describes the objective of the organization, and means-ends
detail describes the causal structure; “the arrangement or interrelation of all the parts
of a whole (Neufeldt, 1988).”

Experimental research supports the existence of a structured mental model, showing
that the decision maker’s elicited mental model structure is strongly predictive of the
decision maker’s performance (Kieras and Bovair, 1984; Rowe and Cooke, 1995;
Wyman and Randel, 1998). For example, combat pilots with more internally
consistent mental models were better able to perform critical team functions
(Gualtieri, Fowlkes, and Ricci, 1996). Air force technicians with mental models that
were structurally more similar to the structure of the complex electronic equipment on
9

a F-15 aircraft were better able to troubleshoot problems with the equipment (Rowe
and Cooke, 1995). These studies suggest that performance increases with the
structural similarity of the mental model to reality. This “mental model similarity” is
a desirable property of the manager’s mental model (Craik, 1943; Markman and
Gentner, 1997). While previous research has examined the mental model of physical
systems, this paper looks at the mental model of an organization, a social system.

In summary, managerial mental models are composed of interrelated value and
factual judgments, and it is desirable for the mental model to be structurally similar to
reality. The rest of this chapter looks at how strategic performance measurement
systems and enterprise systems influence mental model similarity and how mental
model similarity influences performance.

2.2 Strategic Performance Measurement Systems
Managers use strategic performance measurement systems (scorecards) to monitor
organizational outcomes and to correct for deviations from preset standards of
performance (Simons, 1995). This paper proposes that scorecards present a
representation of the structure of how the organization’s value and factual judgments
interrelate. The scorecard value judgments emphasize key stakeholders’ outcome
measures and the factual judgments imply relationships between these key outcome
measures and the actions that the manager can take. Outcome measures are the
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stakeholder satisfiers, which are defined by the level of the organizational resources
that most concern the stakeholders (Ritchie-Dunham and Rabbino, 2001).

Value Judgments
Different scorecards emphasize different stakeholders by highlighting different
outcome measures. This research compares the financial scorecard and the balanced
scorecard, two widely used performance measurement systems (Lipe and Salterio,
2000; Silk, 1998). The financial scorecard used here (see Figure 2) presents EBIT
(earnings before interest and taxes) and the financial components used to calculate
EBIT (Copeland, Koller, and Murrin, 1996). The financial scorecard was designed to
meet the needs of external financial stakeholders, such as investors, creditors,
regulators, and tax authorities (Cooper and Kaplan, 1998), so the financial scorecard
emphasizes the components of shareholder satisfaction and the causal relationships
among them.
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Figure 2: Financial scorecard

The balanced scorecard used in this research (see Figure 3) presents measures on
financials, customers, internal processes, and learning and growth (Kaplan and
Norton, 1992). The logic is simply that future financials depend on the satisfaction
and retention of customers, which depend on the firm’s ability to continually improve
internal processes to deliver services and products that satisfy them, which depends
on the firm’s investment in continuous learning and growth.
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Figure 3: Balanced Scorecard

The balanced scorecard “balances” these four perspectives across short-term and
long-term objectives, and between fundamental objectives and the performance
drivers of those objectives (Kaplan and Norton, 1996b; Ulrich, Zenger, and
Smallwood, 1999). The measures in the balanced scorecard also emphasize the
causal relationships in the supply chain among suppliers, employees, customers, and
shareholders (Donovan, Tully, and Wortman, 1998; Kaplan and Norton, 1996a).
Thus, this research suggests that financial scorecards focus managerial attention
principally on one stakeholder, the shareholder, and that balanced scorecards focus on
multiple stakeholders, including shareholders, customers, employees, and suppliers.

This paper asserts that mental model value judgments are a function of the number of
stakeholders that they take into account. The first hypothesis (see Figure 1) tests this
relationship. Behavioral research suggests that people tend to ignore elements of the
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system that are not included explicitly in the information they are provided (see
Einhorn and Hogarth, 1981 for a review of this literature; Fischhoff, Slovic, and
Lichtenstein, 1978; Howie et al., 2000). Thus, the number of stakeholders explicitly
included in the scorecard influences the number of stakeholders the manager takes
into consideration when allocating resources, independent of the manager’s prior
mental model of how multiple stakeholders influence their key objectives.

Hypothesis 1. The number of stakeholders in the scorecard positively influences the
number of stakeholders in the mental model.

Factual Judgments
Different scorecards vary significantly on the information about the system they use
to inform the manager on the status of the system. Research in multiple objective
decision making provides a useful framework for classifying scorecards, according to
their level of specification detail and means-ends detail (Keeney, 1999; Keeney and
McDaniels, 1999; Keeney and Raiffa, 1976). See §2.1 for definitions.

The financial scorecard used in this research focuses on EBIT, the fundamental
objective, and on specifying its components in detail. Thus, the emphasis is on high
specification detail of the fundamental objective of the system and low means-ends
detail as to how to achieve it. The balanced scorecard used here focuses on both the
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financials, the fundamental objective, and on the causal means to that end (customers,
internal processes, and learning and growth). Thus, the emphasis is on low
specification detail of the fundamental objective and high means-ends detailed
objectives of how to achieve it.

Given that the manager views the scorecard as a representation of reality, structural
similarity of the nodes and links in the scorecard to reality is a desirable attribute. For
brevity, this attribute is referred to here as “scorecard similarity.” Assuming the
scorecards contain the same number of measures, scorecard similarity increases as
more of the real structure is made explicit.

The second hypothesis proposes a positive relationship between for scorecard and
mental model similarity (see Figure 1). Experimental research finds that subjects
shown a model of the internal mechanism of a device better understood how it
operated than did subjects not shown the model (Kieras and Bovair, 1984).

Hypothesis 2. Scorecard similarity positively influences mental model similarity.

The scorecard value judgments (number of stakeholders in the scorecard) and factual
judgments (scorecard similarity) are interrelated. This makes sense as the manager
will tend to want to represent reality in the scorecard (factual judgments) for those
variables that they value most (value judgments). Thus, financial scorecards tend to
15

focus on the fundamental objective of shareholder value in detail and balanced
scorecards tend to focus on the means objectives to achieve the fundamental objective
of shareholder value. Therefore, one might argue that scorecard value and factual
judgments are really two parts of the same theoretical construct.

There are, however, many scorecards that highlight multiple stakeholders (value
judgments) with just financials (factual judgment), and others that focus on
shareholder value creation (value judgment) with heavy emphasis on operational
detail (factual judgment). This research, therefore, examines scorecard value and
factual judgments as two separate concepts.

2.3 Enterprise Systems
Managers use scorecards to compare organizational outcomes with preset
performance standards (Simons, 1995). Enterprise systems support these scorecards
by aggregating outcome information from across the organization. Following
previous information systems research on the influence of information on strategic
decision making, this research distinguishes between fragmented and integrated
enterprise systems (Davenport, 2000; Kaplan and Cooper, 1998).

Fragmented enterprise systems typically aggregate information across databases from
multiple information systems, while integrated enterprise systems typically aggregate
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information from a single database (Markus and Tanis, 2000). This information
presents the apparent state of actual conditions (Huang, Lee, and Wang, 1999). The
agreement between the apparent and actual states of the system depends on the
amount of delay and accuracy in the information (Forrester, 1961; Wand and Wang,
1996).

To present a logical connection between the states of the system, the information
presented must be temporally consistent. For example, production, inventory, and
sales data should refer to the same time period so that the decision maker’s inferences
are correct. The enterprise system should ideally provide the scorecard with
information regarding the organization’s strategic resources (Kaplan, 1989).
Information consistency, then, is the degree to which the information presented in the
scorecard reflects the same time period. These are two of the most cited benefits of
integrated enterprise systems (Davenport, 2000) and two key criteria for making
information valuable for managerial decision making (Bruns and McKinnon, 1993).

The third hypothesis relates information consistency and mental model similarity, as
shown in Figure 1. Behavioral research finds that to explain and to predict the
behavior of a system, one must have a model that emulates the system and know its
current state (Rouse and Morris, 1986). This implies that the mental model must exist
and contain consistent information about the state of the different nodes. Behavioral
research finds that information that shows contiguity in time and space between two
17

variables and their causal similarity increases the decision maker’s detection of causal
relationships (Einhorn and Hogarth, 1986). People connect these detected causal
relationships to create a more complete mental model (Johnson-Laird, 1983).
Dynamic decision making research also finds that presenting subjects with
information of different accuracy and time delays negatively influences the subject’s
ability to understand the dynamic complexity of what is happening in the system
(Einhorn and Hogarth, 1978; Kleinmuntz, 1993; Sterman, 1989).

Hypothesis 3. Information consistency positively influences mental model similarity.

2.4 Performance
A manager’s performance is determined by their contribution to the total financial
value created by the firm they manage. A widely used measure of total value created
sums the discounted economic value added for actual transactions (also referred to as
market value added – MVA) and the discounted net value of the remaining assets
(also referred to as terminal value) (Copeland, Koller, and Murrin, 1996).

The fourth hypothesis explores the influence of the manager’s value judgments – the
number of stakeholders in the mental model – on total value created. Finance theory
proposes that considering multiple stakeholders forces multiple tradeoffs among
complex objective functions, leading to poorer financial performance (Jensen, 2000).
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Recent empirical research supports this, showing that among the 80 largest Dutch
firms, those that explicitly included multiple stakeholders in their strategy generated
significantly lower stock returns than comparable companies with fewer explicit
stakeholders (Cools and Praag, 2000).

Hypothesis 4. The number of stakeholders in the decision maker’s mental model
negatively influences total value created.

The fifth hypothesis suggests that the manager’s factual judgments – similarity of the
mental model to reality – influences total value created. Mental model research
shows that people with a better operational understanding of how a mechanical
system works – what its pieces are and how they fit together – make more efficient
and effective decisions while operating the system (for a review, see Gentner and
Stevens, 1983). For example, experimental mental model research on students
running fighter pilot simulations found that students with higher mental model
similarity were able to perform more complex aircraft maneuvers (Mathieu et al.,
2000). In another experiment, Naval Electronic Warfare operators with mental
models that were more similar to an expert’s mental model were able to more quickly
and accurately identify the source of multiple radar signals, their significance, and
select possible countermeasures (Wyman and Randel, 1998). Though previous
research has primarily focused on mental models of physical systems and not
organizations, this finding is well supported in the expert decision making literature,
19

where experts who are assumed to have better mental models outperform novices
(Kleindorfer, Kunreuther, and Schoemaker, 1993; Rouse and Morris, 1986), thus this
relationship is expected to apply equally to the mental model of an organization.

Hypothesis 5. Mental model similarity positively influences total value created.
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Chapter 3 Simulator
Subjects participated in a simulation-based experiment. Each subject assumed the
role of CEO for a simulated wireless telecommunications firm, making strategic
resource allocation decisions every six months for a simulated seven-year period.
Each subject was given the same initial resource conditions, the same overall firm
structure, and the same competitive environment.

3.1 Simulator Overview
The subjects ran the firm in an interactive game. This interactive game or
“management flight simulator” (for examples, see Buffa and Dyer, 1977; Dyer,
Millen, and Morse, 1978; Moxnes, 1998; Paich and Sterman, 1993; Sengupta and
Abdel-Hamid, 1993; Sterman, 1989) interfaces with a system dynamics simulator
(Sterman, 2000) of a firm, its customers, its suppliers, and its competition. The
simulator is complex, containing 60 operational and 54 financial variables. See
Appendix A for a complete listing of the simulator equations. Figure 4 presents an
overview of the simulator, which shows that the subject allocates financial resources
to: (1) the cellular base stations that make up the infrastructure, (2) human resources,
and (3) the information technology that supports the call center services provided.
These resources influence customer satisfaction, which influences the number of
customers and impacts organizational revenues.
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Figure 4: Overview of the Simulator

To be credible and realistic, the information the subjects receive and the periodic
decisions they make should be typical of those made by senior managers. The
simulator used for this experiment was abstracted from a more complex simulator that
was developed by the author and used by two national telecommunication firms for
strategic decision making. The original simulator was simplified to make it easier for
subjects to control during the experiment. Both the original and simplified simulators
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were developed with experts in wireless telecommunications and supply chains,
including senior managers in three wireless telecommunications firms, academics,
enterprise system software providers, and strategy consultants (see Table 1). The
simulator parameters were then scaled to protect the confidentiality of the two
national telecommunications firms.

Expert’s Name

Expertise

Numerous executives

Management of two national
telecommunications (confidential)

Michael Puleo

COO, Wireless Telco
Sr. Partner, Telco/Strategy/Finance
practices at Deloitte Consulting, A.T.
Kearney

Jay Weiss

Director Strategic Planning, Wireless
Telco
Manager, Telco Strategy practices at
A.T. Kearney, Anderson

Numerous Consultants

A.T. Kearney telco practice
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Douglas Morrice

Professor of Supply Chain Management
at the University of Texas at Austin

Edward Anderson

Professor of Operations Management
and System Dynamics at the University
of Texas at Austin

Judy Scott

Professor of Enterprise Systems at
University of Denver, previously at
University of Texas at Austin

James Ritchie-Dunham (self)

President of system dynamics and
strategy consulting firm with experience
in telco strategy

Joaquin Jaime
Gregory Castell
Raynier van Egmond

SAP Telecommunications Solutions
Architect
SAP Strategic Enterprise Management
module product manager
Table 1: Expert Panel for Simulator
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3.2 Simulator Validation and Verification2
Researchers have used simulation extensively for theoretical and experimental
research. A common criticism of simulation in this environment suggests that the
results were built into the equations of the simulator. Though this is true of all
models, simulated or not, researchers using simulators have the burden of validating
and verifying their models. Many researchers opt to use well-known simulators,
often accompanying a textbook and used in the classroom, to show that they entered
no specific biases (Reagan-Cirincione et al., 1991; Segev, 1987). There is no reason
to not suspect that their results are still a function of the particular formulation of the
simulator. With this consideration, this research makes explicit the simulator to be
used, along with the underlying assumptions (see Appendix A for a complete listing
of the simulator equations). Additionally, this research uses various, welldocumented and accepted methods for validation and verification. These methods are
presented briefly below to indicate the fullness of the suite of analyses that were run.

Validation
The vast simulation literature provides guidance on what to validate and how,
defining validation as confirmation that a computer simulator, within the domain it

2

Parts of this chapter are included in (Ritchie-Dunham et al., 2000), an invited session at the Winter

Simulation Conference 2000.
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applies, satisfies the range of accuracy for the application for which it is intended
(Forrester, 1961; Sargent, 1999). Validation involves three key components of a
simulation: the simulator concept, the simulator operations, and the simulator data
(Sargent, 1999). Simulator concept validity focuses on the reasonableness of the
theory and assumptions underlying the simulator. Simulator operational validity
centers on the accuracy of the simulator’s behavior, for its intended purpose.
Simulator data validity concentrates on the use of adequate and correct data. The rest
of this section examines the simulator’s validity from these three perspectives.

Simulator Concept Validity
The system dynamics literature proposes a series of tests for validating the simulator
concept or structure, as summarized in Table 2 (Barlas, 1989; Forrester and Senge,
1980; Sterman, 2000). Each test is applied to this simulator, as explained in Table 2.

Test

What the Test Validates

Application of Test to This

(Sterman, 2000)

Simulator

Boundary

Important concepts for

The simulator addresses strategic

adequacy

influencing simulator

decision making within a firm. The

behavior are endogenous

simulator includes an integrated

to the simulator.

supply chain from suppliers to
customers. Checked through
interviews with experts, books on
telecomms, and author’s consulting
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experience with telecomms.
Structure

The simulator structure is

assessment

consistent with relevant

See the Sector Logic section below.

descriptive knowledge of
the system.
Dimensional

Each equation has

Simulator unit consistency is part of

consistency

consistent dimensions.

the software used, ithink. The
simulator will not run if the units are
inconsistent. Also had another
simulator expert check the simulator
for dimensional consistency.

Parameter

Parameter values are

See Simulator Data Validity section

assessment

consistent with relevant

below.

descriptive and numerical
knowledge of the system.
Extreme

Each equation makes

Examined each equation for

conditions

sense, even when its

reasonable output under extreme

inputs are extreme.

conditions. Subjected simulator to

Simulator behavior is

large shocks and extreme conditions.

plausible when run under
extreme conditions or
shocks.
Integration

The results are not

Reduced time step of simulator by

error

sensitive to the time step

50%. Behavior was the same. Tested

or numerical integration

using all three types of integration

method.

available in ithink software (Euler,
Runge-Kutta 2, Runge-Kutta 4) with
essentially the same results.
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Behavior

The simulator reproduces

Qualitative comparison by experts of

reproduction

the behavior of interest in

data runs with expected behavior.

the system.
Behavior

The simulator

Tested feedback loop functionality by

anomaly

demonstrates anomalous

removing key links.

behavior when key
assumptions are changed
or removed.
Family

The simulator can

Ran the simulator with expert

member

generate the observed

estimated data from two firms.

behavior for other

Experts found the behavior similar to

instances of the same

that they had seen.

system.
Table 2: System Dynamics Simulator Validity Tests

Sector Logic
Complex simulators generate complex behavior, which is difficult to interpret. In
evaluating the validity of simulators that generate complex behavior, a common
criticism is that it is not clear what organizational assumptions generated the observed
behavior. Simulation-for-policymaking research proposes that premise description
analysis and partial simulator testing provide the missing linkage between the
assumptions in the simulator equations and the observed behaviors (Morecroft, 1985).
Premise descriptions examine how sensible individual policies are. Partial simulators
examine how sensible small sets of interrelated policies are.
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Premise description analysis explores the organizational and cognitive factors that
limit the information used by a decision maker at each node in the simulation
simulator. This analysis influences simulator development, questioning what
information the decision maker would use, given bounded rationality, goals and
incentives, authority and control, routines, and responsibilities. The sector overview
of the simulation (see Figure 4) highlights the different areas of responsibility, the
resources for which the area is responsible, and the main inputs and outputs to each
sector. These factors were taken into consideration when developing the underlying
simulator with the expert panel.

Partial simulator testing explores the intended rationality of interrelated policies
within a given sector of the simulator. The validation criteria for partial simulator
testing is that the local decisions (e.g., within the sector) adapt well to achieving local
goals (Morecroft, 1985). Each sector was run under a set of policies, determined by
the expert panel, confirming local policy rationality.

Simulator Operational Validity
Simulator operational validity determines whether the simulator is accurate, for its
purposes. This is ascertained by running the simulator various times with random
policies, measuring the range of possible responses and outcomes. The expected
performance of random allocation should be neutral or negative, since the common
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belief is that it takes thought to be successful (i.e., make a profit). The results of these
random policy runs seemed reasonable to the expert panel, providing a range of
operational believability in the simulator.

Simulator Data Validity
Data validity for a system dynamics simulator should evaluate the stocks, flows, and
converters. Valid data should be provided for: the initial values of the stocks; any
parameters affecting the policy within the flow; initial values of the converters; and
any time series data included. After the simulation starts, the values of many of the
variables will be endogenously created, the validation of which was addressed above
in Simulator Operational Validity.

The simulator structure was developed with the expert panel (see Table 1). The
simulator was validated using expert knowledge and data from two firms in the
industry. The simulator parameters were then scaled to protect the confidentiality of
the two firms. This process suggests high simulator data validity.

Verification
Verification focuses on the quality of the computer code underlying the simulator and
its application. Guidelines for verifying a simulation (Sargent, 1999), suggest that a
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key concern is the error-free nature of the underlying language, with well known
languages having higher credibility than general purpose simulation languages. The
simulator is programmed with version 7.0.1 of the ithink software (http://www.hpsinc.com/), a standard system dynamics software for over 15 years (High Performance
Systems, 2001), providing sufficient verification.
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Chapter 4 Pilot Study
Since this experimental design contains detailed instruments for measuring the
subjects’ mental models in a complex simulator environment, we ran a pre-test and
pilot test of the experimental design in November 2000. Incorporating what we
learned, we then ran the full study in March 2001. Chapters 4 and 5 present the
experimental design, results, and discussion for the pilot and full studies, respectively.

4.1 Pre-test
Before the pilot study, the experiment was pre-tested to make sure that the on-line
component of the experiment worked properly and that it was understandable. The
seven subjects were colleagues: one teaching assistant, one professor, two expert
system dynamics consultants, and three people with no business training or
knowledge of the research and simulation. A few difficulties in Internet functionality
were identified and corrected for the pilot study. No problems were identified in
understandability of the instructions or what to do.

32

4.2 Method
Subjects
The subjects were 39 students in the University of Texas at Austin MBA and M.Eng.
programs, taking a second-year course in Supply Chain Management. Participation
was voluntary. The subjects had an average three years of work experience, ranging
from one to twelve years. The appropriate University of Texas at Austin applications
were approved for experiments with human subjects (see Appendix B).

Apparatus
The experiment took place in a computer laboratory with one subject per computer.
A cover letter and the instructions for logging on to the computer and participating in
the experiment were provided on two sheets of paper next to the computer. See
Appendix C for the cover letter and the instructions. To protect anonymity, the
subjects were not asked to sign in.

The whole experiment was carried out on the computer. The University of Texas at
Austin requires all students to log on to computers in the computer laboratory. The
subjects logged on to the computer via a temporary account, set up to protect their
anonymity. They then opened an introductory webpage in an Internet virtual
directory unique to each subject, where the results of an on-line debriefing
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questionnaires were captured. The case study (see Appendix D for the complete case
study) was presented in hypertext on-line.

The results from the simulation run were automatically stored in a spreadsheet on the
subject’s computer desktop. The instructions provided (see Appendix C), which were
also read aloud, asked the subject to transfer this data file to a diskette at the end of
the experiment. Nine subjects did not properly transfer the file after the simulation
run, so they were not included in the analysis. The 30 remaining subjects were
evenly distributed across the four treatments (7 in #1, 8 in #2, 8 in #3, 7 in #4).

The debriefing questionnaire opened on-line when the subject closed the simulator.
The data from the questions was captured in a database in the subject’s virtual
directory.

Procedures
Figure 5 outlines the experimental procedure.
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Demographics

Case Material

Instructions

Debrief

Debriefing
Questionnaire

Random Assignment
to Treatment

Measured Run
of Simulator

Figure 5: The Experimental Procedure for the Pilot Study

The subjects began by answering five questions about previous education and
experience.

Work Experience
•

How many years of work experience do you have?

•

What is the highest managerial level at which you have worked?

•

How many years of work experience do you have in the wireless
telecommunications industry?

Business Education
•

Do you have an undergraduate degree in business administration?

•

Do you have or are you studying for a masters degree in business
administration?

The subjects then read a case study introduction to the firm (see Appendix D) and to
the simulation software (see Appendix E). The case study presented the

35

organization’s objectives, current difficulties, and current state, from the perspectives
of the board of directors and department heads.

The subjects interacted with the simulator through a user interface that provided
simulator output through a scorecard, and received the subject’s inputs for key
resource allocation decisions. The subjects ran the simulator, for which the results
were captured, taking approximately 40 minutes. The subjects ran the firm for seven
simulated years, reviewing performance and allocating strategic resources every six
months, for a total of fourteen decision points. At the end, the subjects were asked 15
questions about how the information helped maintain or enhance their mental models.
See Appendix F for the questions. One week later, they were debriefed for one hour
in class.

Independent Variables
The pilot study did not explicitly incorporate the constructs for the number of
stakeholders in the scorecard or mental model. These were added for the full study,
based on findings from the pilot study. Therefore Hypotheses #1 and #4 in the
theoretical model (see Figure 1) are not tested in the pilot study.
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Scorecard
The first independent variable in the 2x2 design was scorecard similarity, which was
operationalized as low (financial scorecard) and high (balanced scorecard) in the user
interface by changing the simulator nodes and links presented. The low scorecard
similarity user interface (financial scorecard) focused on the nodes and links that
represented the fundamental objective of shareholder satisfaction, economic value
added (EVA), and the EVA components that specify the fundamental objective (see
Appendix G). The high scorecard similarity user interface (balanced scorecard)
focused on the nodes and links that represented the means objectives that causally
influence the fundamental objective of shareholder value (see Figure 3).

The causal linkages between the means and ends were graphically represented by
how they were grouped. For high scorecard similarity, the means objectives were
grouped in four sections, each with a prominent dial indicator, which implicitly linked
customer satisfaction to future financials, the reinvestment of which influences
learning and growth and internal processes, which influence customer satisfaction.
Furthermore, the nodes that influence these means objectives are grouped logically
with them. The actual user interfaces for each treatment are presented in Appendix
G.
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Enterprise Systems
The second independent variable in the 2x2 design was the enterprise system, which
was operationalized as low (fragmented enterprise systems) and high information
consistency (integrated enterprise systems). To replicate the organizational impacts
of large enterprise systems, the independent variable information consistency was
operationalized in both the user interface – what the subject saw – and the simulator –
what actually happened in the simulated firm.

In the user interface, low information consistency (fragmented enterprise systems)
was operationalized with different accuracy (standard deviations from normal) for
different variables, each with a three-month delay. High information consistency
(integrated enterprise systems) was operationalized in the interface with real time
information.

In the simulator, information consistency was operationalized by changing the
information accuracy, timeliness and consistency in: (1) the number of customerrepresentative interfaces; (2) information access across departments; (3) training
scheduling effectiveness; (4) infrastructure maintenance; and (5) data processing
administrative costs. The relevant changes were determined by the expert panel (see
Table 1), which selected the enterprise system attributes that had the most impact on
the operations of the business. These attributes were confirmed by reviewing the
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practitioner and academic literature on the highest leverage points for enterprise
systems (Ettlie, 2000; Mabert, Soni, and Venkataramanan, 2000; McAfee, 2000;
Ritchie-Dunham et al., 2000). Because the benefits derive from the integration of
multiple systems, the attributes reside in various combinations of enterprise system
components. For simplicity, however, only the higher impact areas are incorporated
(see Table 3).

Area of

Enterprise

Low

High

Simulator

System

Information

Information

Attribute

Consistency

Consistency

(fragmented

(integrated

ES)

ES)

Difference

Customer

Number of

Customer

Customer

100% increase

Service

contact

interfaces with

interfaces with

in Call Center

points

many functional

one

Service Level

areas

representative
for all areas

Service

IT

Access to

Access to

50% increase in

Supporting IT

integration

information

information

giving right

from service

integrated

information to

area

across many

service

areas

employees
100% increase

Human

HR

Course offered

Tracks

Resources

scheduling

at specific time

employee skills in training
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efficacy

and employees

requirements,

adjust, if

time

possible

availability in

effectiveness

process
Infrastructure

Plant

Reactive

Preventive

30% decrease in

maintenance

maintenance

maintenance

maintenance

High

Lower

20% decrease in

process

administrative

administrative

administrative

automation

cost to capture

costs due to

costs

Administration Operation

and process data automation of
throughout

data processing

system

throughout
system

Strategic

Reported

Information is

Information is

From 3 month

Decision

information

delayed, not

timely,

delay to real

integrated, and

standardized,

time, and new

Making

often not readily integrated, and

data sources

accessible

available

accessible

Table 3: Information Consistency Attributes in Simulator

The impacts in Table 3 are briefly described below. In the Supply Chain component,
customer support representatives (CSRs) have access to a complete array of
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information, and many decisions, such as credit checks, are made automatically. This
reduces the number of CSRs with which the customer interfaces, which also reduces
administrative costs. Automating much of the decision making process greatly
reduces the number of hand-offs between parts of the system, significantly decreasing
errors due to insufficient and incorrect data entry at multiple points in the value chain.
This same logic applies to the relationship with suppliers. By connecting suppliers to
the firm’s integrated information system, the data is transmitted accurately in realtime, allowing suppliers to deliver quicker and more accurately.

In the Human Resources component, the integrated enterprise system tracks the
relevant skills of thousands of employees more efficiently, identifying those
employees requiring training and scheduling their availability for specific courses. In
the Service Support IT component, the integrated enterprise system provides
standardized, integrated information to the employees in real time, increasing the
percentage of right information provided to customers. The integrated enterprise
system decreases the retirement rate of whole IT systems, but increases the rate of
updating systems.
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Measures for Dependent Variables
Mental Model Similarity
The subjects were trying to improve their mental model of this simulated
telecommunications firm. As a proxy for the subject’s development of their mental
model, the dependent variable mental model similarity was operationalized with the
subject’s perception of mental model development and enhancement, as developed in
previous research on the influence of executive information systems on mental model
maintenance and mental model building (Vandenbosch and Higgins, 1996, 212).

Mental Model Maintenance
Question: To what extent does the executive information system enable you to:
(Evaluated on a scale from 1, to no extent, to 5, to a great extent).

•

Confirm your understanding of the business

•

Justify decisions

•

Verify assumptions

•

Maintain your perspective

•

Support your actions

•

Reinforce your beliefs

•

Validate your point of view
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Mental Model Building
Question: To what extent does the executive information system enable you to:

•

Challenge your perspectives

•

Foster your creativity

•

Improve your insight into the business

•

Broaden your outlook

•

Re-orient your thinking

•

Expand your scope

•

Question your preconceptions

•

Test your assumptions

Total Value Created
The dependent variable total value created was operationalized as the market value
added (MVA) achieved by the subject after five years. Five years of data were used
to avoid a possible end-of-game effect in the last two of the seven years simulated.
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Control Variables
The analysis includes two control variables: work experience and education. These
variables were captured using the five demographic questions presented above.

4.3 Results
Contact the author for the raw data collected during the pilot study. As stated in the
beginning of this chapter, the constructs for the number of stakeholders in the
scorecard and the mental model (see Figure 1) were not included in the pilot study.
They were included in the full study based on the following findings from the pilot
study; therefore Hypotheses #1 and 4 are not tested here.

Manipulation Checks
The debriefing questionnaire included two questions to determine whether the
manipulated independent variables had the intended impact. For the scorecard
treatment, the subjects were asked to describe the main focus of the scorecard they
were provided. Unexpectedly, there was not a significant correlation between the
scorecard they were given and what they described (ρ=0.31, p<0.125). This suggests
that the differences in scorecards provided may not influence the subject’s
perceptions and suggests that any lack of results may be due to a result of the
manipulation.
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For the enterprise system treatment, the subjects were also asked how accurate and
timely the information provided was. Unexpectedly, the correlation was not
significant (ρ=-0.03, p<0.86), with 87% of the subjects reporting that they assumed
the information was accurate. This suggests that the differences in information
consistency in the information provided may not influence the subject’s perceptions
and suggests that any lack of results may be due to a result of the manipulation.
However, if the subjects are not compensating for inconsistent information, we would
expect the influence of information consistency on mental model similarity to be even
stronger.

Experimental Results
Table 4 summarizes the definitions and operationalizations of the variables tested in
the pilot study.

Variable

Type of Variable

Definition

Operationalization

Structural

-1 (financial scorecard) +1

similarity of the

(balanced scorecard)

in Model
Scorecard
Similarity

Independent

nodes and links
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in the scorecard
to reality
Information

Independent

Consistency

Timeliness and

-1 (fragmented enterprise

accuracy of the

system)

information

+1 (integrated enterprise
system)

Mental Model

Dependent and

Structural

Reported Level of Mental

Similarity

Independent

similarity of the

Model Maintenance and

nodes and links

Mental Model Enhancement

in the mental
model to reality
Total Value
Created

Dependent

Net economic

Market Value Added

value added over
the cost of
capital
Table 4: Definition and Operationalization for Variables
in Theoretical Model for Pilot Study

The independent variable scorecard similarity is coded as -1 or +1, low (financial
scorecard) or high (balanced scorecard). The independent variable information
consistency is coded as –1 or +1, low (fragmented enterprise systems) or high
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(integrated enterprise systems). The effects coding of –1 and +1 was used to test for
the interaction effect of scorecard similarity and information consistency.

The correlation matrix in Table 5 shows a significant correlation between the
independent variable information consistency and the dependent variable mental
model similarity, as operationalized with mental model maintenance, but not with
mental model enhancement. Information consistency also shows a significant
positive relationship with total value created. There is a significant interaction effect
of the independent variables and total value created. Mental model maintenance
correlates significantly with total value created, but mental model enhancement does
not. Table 5 presents a histogram for each variable on the diagonal, and at the bottom
of the table it presents the means and standard deviations for the dependent variables
for each treatment group.
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Correlations (Pearson)
1

3

4

5

6

15

10

Count

1 Information Consistency

2

5

0
-1.00

-0.50

0.00

0.50

1.00

noise

0.07

15

10

Count

2 Scorecard Similarity

5

0
-1.00

-0.50

0.00

0.50

1.00

cues

0.00

0.00

15

10

Count

3 IC * SS

5

0
-1.00

-0.50

0.00

0.50

1.00

noise.cu

0.49**

-0.18

0.02

6

Count

4 Mental Model Maintenance

4

2

0
2.00

3.00

4.00

5.00

6.00

mmm

-0.08

-0.27

-0.12

0.00

6

4

Count

5 Mental Model Enhancement

2

0
2.00

3.00

4.00

5.00

mme

0.95**

0.15

-0.14

0.47**

0.02

6

Count

6 Total Value Created

4

2

0
-500000000.00

0.00
-250000000.00

500000000.00
250000000.00

mva5

***p<0.001, **p<0.01, *p<0.05

Treatments
low IC/low SS

low IC/high SS

high IC/low SS

high IC/high SS

median

2.47

3.42

-2.3E+08

st.dev.

0.92

1.47

1.5E+08

median

2.98

4.30

-3.9E+08

st.dev.

0.74

1.13

1.1E+08

median

3.56

3.60

5.4E+08

st.dev.

0.61

0.94

7.9E+07

median

4.02

3.92

5.9E+08

st.dev.

1.38

0.95

1.3E+08

Table 5: Correlation Matrix for Theoretical Constructs for Pilot Study

The regressions (summarized in Figure 6) passed tests of normality (KolmogorovSmirnov test), linearity (fitted vs. residual plot inspection), homoscedasticity (fitted
vs. residual plot inspection), and independence (autocorrelations, runs-test).
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Scorecard
Similarity

-0.2341
0.5131**
0.0141

Information
Consistency

0.1292**

0.089*
0.961***

IC*SS

Mental Model
Similarity

0.129**

Total Value
Created

***p<0.001 **p<0.01 *p<0.05
1 Regressing “Mental Model Maintenance.” There was no significance for regressing “Mental Model Enhancement”
2 Step-wise regression on “Mental Model Enhancement,” process removed “Mental Model Maintenance.” R2
adjusted=0.955

Figure 6: Summary of Regression Results for Pilot Study

The rest of this section examines the results for the dependent variables.

Mental Model Similarity
Confirmatory factor analysis of the 15 scale items for mental model maintenance and
mental model enhancement, as shown in Table 6, showed similar results to previous
research (Vandenbosch and Higgins, 1996). Items 1 through 7 load on Factor 1,
while items 8 through 15 load on Factor 2, thus they represent two different
constructs. The factor loadings are the correlations between the item (the question)
and the factor (the variable). Previous research labeled Factor 1 as mental model
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maintenance and Factor 2 as mental model enhancement (Vandenbosch and Higgins,
1996). The factor weights and the observed values were used to determine the factor
scores, composite measures for each observation, which were used to calculate a
value for each factor for each observation. These values were used in the correlation
and regression calculations below.

Rotated Factor Loadings and Communalities
Principal Components Extraction with Equamax Rotation
Variable

Factor 1

Factor 2

(Mental Model

(Mental Model

Maintenance)

Enhancement)

Q1

0.768

0.077

0.596

Q2

0.775

-0.104

0.611

Q3

0.690

-0.152

0.500

Q4

0.734

-0.304

0.631

Q5

0.788

-0.155

0.645

Q6

0.853

-0.276

0.804

Q7

0.893

-0.091

0.806

Q8

0.191

0.577

0.369

Q9

-0.023

0.458

0.210

Q10

0.162

0.569

0.350
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Communality

Q11

-0.008

0.783

0.614

Q12

0.161

0.851

0.750

Q13

0.059

0.760

0.581

Q14

-0.026

0.812

0.660

Q15

0.376

0.676

0.598

Variance

4.5881

4.1381

8.7263

% Var

0.306

0.276

0.582

Table 6: Factor Analysis of Mental Model Maintenance
and Mental Model Enhancement

Since the task was to operate the modeled firm, not a real telco, the subjects had no
prior specific knowledge. As for general knowledge, the results showed no
significant effect for experience or education on the dependent variables.

Total Value Created
Paired-samples t-tests were run to test for significant differences in the means for
each treatment. The difference in mean total value created between low and high
information consistency is significant for the financial scorecard (t6=-9.570, p<0.001)
and for the balanced scorecard (t6=-34.390, p<0.001). This is expected, since the
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difference between low and high information consistency was operationalized in the
simulator. The difference in mean total value created between low and high
scorecard similarity shows a significant negative effect for the fragmented enterprise
system (t6=2.66, p=0.038) and not significant positive effect for the integrated
enterprise system (t6=-0.85, p=0.427).

Tests for Mediation
To test whether mental model similarity mediates the relationship between the
independent variables and total value created, mental model similarity must show a
significant relationship with the independent variables and with total value created, as
an initial condition (Baron and Kenny, 1986). As shown in Figure 6, regressing
mental model maintenance on the independent variables (R2adjusted=0.207) showed a
significant effect for information consistency (β=0.513, t=-3.03, p<0.01) and not for
scorecard similarity (β=-0.243, n.s.). This supports the expected positive influence of
information consistency on mental model similarity in Hypothesis #3, but not the
significant positive influence of scorecard similarity on mental model similarity
expected in Hypothesis #2. Regressing mental model enhancement on the
independent variables showed no significant effects.

Stepwise regression of total value created on the rest of the model dropped mental
model maintenance (t=0.570, p=0.574), showing significant effects for the rest of the
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variables. Specifically, mental model similarity had a significant positive influence
on total value created, supporting Hypothesis #5. The unusually high fit (R2adj =
0.955) was almost completely explained by information consistency (R2adj= 0.928).
Though small, the mixed effects of the independent variables on the two measures of
mental model similarity show potential for a partial mediation effect. Regressing
total value created on the independent variables (R2adjusted=0.715), controlling for
mental model maintenance (regressing on the residuals of mental model maintenance
R2adjusted=0.196, β=2.1e8, const=-5.5e8), showed a significant positive effect for
information consistency (β=-0.808, p<0.001), but not for scorecard similarity
(β=0.187, p=0.077) or their interaction (β=0.136, p=0.192).

4.4 Discussion
These findings provide support for Hypothesis #3 that information consistency
positively influences mental model similarity (as captured with mental model
maintenance and mental model enhancement), and Hypothesis #5 that mental model
similarity positively influences total value created. The mixed support for scorecard
similarity, however, is unclear. While the evidence seems to reject the expected
positive relationship in Hypothesis #2, the results are inconsistent. This might be due
to a small sample size, weak measurement of the cognitive construct mental model
similarity, or not enough variance in the independent variable scorecard similarity.
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Using the subject’s self-reported mental model status might have weakened the
results. The confusing results in performance might also be attributable to a sense of
defeat among subjects with independent information systems. The subjects with low
information consistency were watching very negative EVAs flash on their screens.
Even moderately strong profits are offset by the high capital charges of heavy
investments, leading to negative EVAs. This could have lead to desperation and
giving up. This might be remedied by providing an Earnings Before Interest and
Taxes (EBIT) calculation instead. Since EBIT does not include capital charges, it is a
more optimistic performance indicator. This phenomenon has played out in the real
world where many organizations have not used EVA because its message is so dire.

Design of Full Study
The design of the full study should strengthen six design issues raised in analysis of
the pilot study. First, the variance and the scope in the independent variable
scorecard similarity should be increased and include both the number of stakeholders
in the scorecard and the structure of the scorecard. Second, information consistency
should be operationalized only in the user interface and not in the simulator. Third,
the cognitive construct mental model similarity should have a stronger measurement
tool, measuring both the number of stakeholders in the mental model and the structure
of the mental model. Fourth, total value created should include both MVA and the
value of the organization’s resources at the end. Fifth, the sample size should be
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much larger. Sixth, the subjects should run the experiment twice. These six
experimental design issues are addressed in the next chapter on the full study.
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Chapter 5 Full Study
The full study tests the theoretical model developed in chapter 2, integrating the
lessons learned from the pilot study into the experimental design.

5.1 Method
Subjects
Participants in this study were 118 MBA students at the University of Texas at Austin
taking Operations Management I. The subjects were given credit for participating in
the experiment independent of their final performance, to maintain the anonymity of
the subjects. Though the subjects were not given an external incentive to motivate
performance, experience in the interactive simulation field shows that the gaming
environment itself motivates the subjects to try to win the game.

The subjects had an average five years of work experience, ranging from one to 15
years. The appropriate applications were approved for changes to an experiment with
human subjects (see Appendix H).
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Apparatus
The experiment took place in a computer laboratory with one subject per computer.
A cover letter and the instructions for logging on to the computer and participating in
the experiment were provided on two sheets of paper next to the computer. See
Appendix C for the cover letter and the instructions and Appendix I for the sign-up
sheets.

The whole experiment was carried out on the computer. The University of Texas at
Austin requires all students to log on to computers in the computer laboratory. The
subjects logged on to the computer via a temporary account, set up to protect their
anonymity. They then opened an introductory webpage in an Internet virtual
directory unique to each subject, where the results of an on-line debriefing
questionnaires were captured. The case study (see Appendix D for the complete case
study) was presented in hypertext on-line.

The results from the simulation run were automatically stored in a spreadsheet on the
subject’s computer desktop. The instructions provided (see Appendix C), which were
also read aloud, asked the subject to transfer this data file to a diskette at the end of
the experiment. Seven subjects did not transfer the data file, and therefore were
removed from the study.
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The debriefing questionnaire opened on-line when the subject closed the simulator.
The data from the questions were captured in a database in the subject’s virtual
directory.

Procedures
Figure 7 outlines the experimental procedure. The subjects began by answering five
demographic questions about previous education and experience (see section 4.2 for
the questions).

Demographics

Case Material

Instructions

Random Assignment
to Treatment

Practice Run of
Simulator

Measured Run
of Simulator

Questionnaire

Debrief

Figure 7: The Experimental Procedure

The subjects then read a case study introduction to the firm (see Appendix D) and to
the simulation software (see Appendix E). The case study presented the
organization’s objectives, current difficulties, and current state, from the perspectives
of the board of directors and department heads.

In this 2x2 experiment, the subjects were randomly assigned to one of four
treatments, varying their scorecard (financial or balanced), which was supported by
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an enterprise system (fragmented or integrated). The subjects ran the simulator twice,
interacting with the simulator through a user interface that provided simulator output
through a scorecard, and received the subject’s inputs for key resource allocation
decisions. The subjects were instructed to run through the first simulation quickly to
familiarize themselves with the software and interface. This trial run lasted about 15
minutes on average. The subjects then ran the simulator a second time, for which the
results were captured, taking approximately 40 minutes. The subjects ran the firm
each time for seven simulated years, reviewing performance and allocating strategic
resources every six months, for a total of fourteen decision points. After the second
run, the subjects filled out a questionnaire regarding their understanding of the
organizational stakeholders, resources, and how they interrelate. See Appendix J for
the screen capture of the questions. One week later, they were debriefed for one hour
in class.

Independent Variables
Scorecards
The first independent variable in the 2x2 design was the scorecard, which was
operationalized as: (1) the number of stakeholders in the scorecard, and (2) scorecard
similarity. The number of stakeholders in the scorecard was operationalized in the
user interface by changing the focus on the number of stakeholders (low or high). In
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the low case (financial scorecard), the user interface prominently features EBIT, a key
financial indicator, and does not explicitly feature any other stakeholders. In the high
case (balanced scorecard), the user interface graphically separates four different
sections, each highlighting a stakeholder. See Appendix L for the user interfaces.

Scorecard similarity was operationalized by changing the simulator nodes and links
presented in the user interface. The low scorecard similarity user interface (financial
scorecard) focused on the node that represented the fundamental objective of
shareholder satisfaction, EBIT, and the nodes and links that represented the EBIT
components that specify the fundamental objective (see Figure 2).

The high scorecard similarity user interface (balanced scorecard) focused on the
nodes and links that represented the means objectives that causally influence the
fundamental objective of shareholder value (see Figure 3). The causal linkages
between the means and ends were graphically represented by how they were grouped.
The means objectives were grouped in four sections, each with a prominent dial
indicator, which implicitly linked customer satisfaction to future financials. The
reinvestment of financial resources influences learning and growth and internal
processes, which influence customer satisfaction. Furthermore, the nodes that
influence these means objectives are grouped logically with them.
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Enterprise Systems
The second independent variable in the 2x2 design was the enterprise system, which
was operationalized as low and high information consistency. In the user interface,
low information consistency was operationalized by providing information for
different variables with different accuracy and different time delays (see Table 7).
See (Eccles, 1991) for case studies of these different accuracies and timeliness.

Simulator Sector

Accuracy Timeliness

Financials

σ = 0.1

∆t = 90 days

Customers

σ = 0.3

∆t = 180 days

Internal Processes (Infrastructure)

σ = 0.2

∆t = 90 days

Learning and Growth (Employees)

σ = 0.2

∆t = 180 days

Table 7: Adjustments for Low Information Consistency

The values for the variables included in the user interface, under the low information
consistency condition, are calculated with the following formula.

Y fragmented = Normal (1, σ ) * SMTH 3(Y , ∆t )
where:
Normal(1,σ) = a normal distribution with a mean of 1 and a standard
deviation
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σ = standard deviation (accuracy)
SMTH3(Y, ∆t) = a third-order exponential smoothing of Y, using an
exponential averaging time of ∆t
Y = real value for variable
∆t = time delay

The logic for the adjustments was checked with the expert panel (see Table 1) that
helped develop and validate the simulator. The expert panel suggested that for most
companies the adjustments actually err on the side of being too generous, with most
companies using much less consistent information. The logic for the adjustments is
as follows. For financials, organizations tend to be quite vigilant, with large
information systems set up to gather, process, and audit the numbers. Inaccuracy and
time delays come from gathering the data from databases in information systems
across multiple groups in the organization. Here the accuracy is fairly high (σ = 0.1)
with quarterly updates (∆t = 90 days). For customers, organizations tend to have very
poor data gathering, doing it very infrequently and doing a poor job of analyzing it.
Here the accuracy is low, (σ = 0.3) with semi-annual updates (∆t = 180 days), which
the expert panel thought was optimistic. For internal processes, organizations tend to
gather fairly timely information, though it is not processed and audited as thoroughly
as financial information. Here the accuracy is medium (σ = 0.2) with quarterly
updates (∆t = 90 days). For learning and growth, organizations tend to have poor
data gathering, doing it very infrequently, and doing a poor job of analyzing it. Here
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the accuracy is medium, since the data is at least internally verifiable (σ = 0.2) with
semi-annual updates (∆t = 180 days).

High information consistency was operationalized in the user interface with accurate
(σ = 0) and real-time (∆t = 0 days) information.

Measures for Dependent Variables
Mental Models
Mental model measures were developed for both the subject’s value judgments
(number of stakeholders in the mental model) and factual judgments (mental model
similarity).

Value Judgments
To capture the subjects’ value judgments – which stakeholders they had present in
their mental model – they were asked, “Who is (are) the key stakeholder(s) to
satisfy?” The subjects were provided information about relevant stakeholder needs in
the introductory case study. Specifically, as the new CEO, the subject was instructed
by the board of directors to maximize shareholder value, which was reinforced by the
finance director. The marketing director requested that there be more focus on the
customers. The operations manager wanted to focus on the infrastructure and
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suppliers. The human resources director wanted more attention on employee hiring
and training.

Factual Judgments
To capture the subject’s factual judgments of the organization, the subjects were
asked to rate, on a nine-point scale, the relatedness of all pairs of 14 key nodes in the
simulator. Two nodes that are seen as more strongly related are more similar than
those nodes that are not related or indirectly related (Meyer and Schvaneveldt, 1976).
A comparative study of mental model elicitation and analysis techniques found that
this pair-wise relatedness ratings technique gives stronger, more consistent results and
requires less effort for the subjects (Rowe and Cooke, 1995).

Optimally, the ratings task should include as many nodes as possible without
overtaxing the subjects. The number of pairings is:

# pairings =

n2 − n
2

where n = number of nodes

The simulation, to which the elicited factual judgments are compared, contains 114
nodes and 200 links. Of these 114 nodes, 14 were selected for the ratings task (see
Table 8 for the nodes and Appendix K for a relation of the nodes and links to the
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complete simulator). This gave 91 pairings, which were presented in random order.
On average, it took the pretest subjects 20 minutes to respond to the 91 pairings,
which seemed to be an upper bound on the time the subjects should spend on the
ratings task.

Node Type

Nodes Included

Outcome Nodes

Economic Value Created, Capital Charge, Revenues,
Operating Expenses, Customer Satisfaction, Perceived Call
Quality, Perceived Customer Service, Service Supporting
Information Technology, Base Stations, Relevant Skilled
Employees

Input Nodes

Investment in Base Stations, Investment in Service
Supporting IT, Investment in Training, Hiring Employees
Table 8: Nodes in Pair-wise Relatedness Ratings Task

To determine mental model similarity, the elicited pairings are transformed into a
network diagram that depicts links between the nodes, using a network scaling
procedure Pathfinder (Schvaneveldt, 1990). Previous mental model research has
measured the similarity of two networks using the Pathfinder procedure (Gualtieri,
Fowlkes, and Ricci, 1996; Rowe and Cooke, 1995; Schvaneveldt, 1990). Similarity,
ranging from 0 (low similarity) to 1 (high similarity), is the number of links in
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common divided by the total number of links in both networks (Goldsmith and
Davenport, 1990). In this case, the two networks were the subject’s factual
judgments and the simulator (see Figure 8). Recent research has provided some
evidence that supports the reliability of the similarity measure (Gualtieri, Fowlkes,
and Ricci, 1996; Stout, Cannon-Bowers, and Salas, 1996). The ratings task measured
the subject’s understanding of the (14) nodes and related links that explain most of
the structure, without undue cognitive burden.
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Economic Value Created

Revenues

Operating
Expenses

Capital
Charge

Customer
Satisfaction

Perceived
Customer Service

Perceived
Call Quality
Base Stations

Service Supporting
Information Technology

Relevant Skilled
Employees

Hiring Rate

Annual Investment
in Training

Annual Investment in
Base Stations

Annual Investment in
Service Supporting IT

Figure 8: Representative Network of Simulator

Performance
Performance was measured by total value created (Copeland, Koller, and Murrin,
1996), which was operationalized in the experiment by summing the discounted
economic value of the firm (market value added – MVA) over the seven simulated
years, and the discounted net value of the organizational resources remaining at the
end of the seventh simulated year. Following conventional formulation, MVA is
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calculated as the net present value of the revenues less operating expenses less cash
taxes less capital charges (Ehrbar, 1998). Following conventional formulation, the
discounted net value is the after tax, discounted capital investment less discounted
debt plus discounted cash (Copeland, Koller, and Murrin, 1996).

Control Variables
The analysis includes four control variables: time on simulator, time answering
debriefing questions, mental model coherence, and profit volatility. Time on
simulator is defined here as the total time from when the experiment began to when
the subject completed the second run of the computer simulation. Time answering
debriefing questions starts when the second computer simulation ends and finished
when the subject turned off the computer and turned in the diskette with their data.

The third control variable, mental model coherence, measures the internal consistency
or logic of the subject’s relatedness pairings. This measure indicates the randomness
of the ratings made, determining whether the subjects took the rating task seriously,
as used in previous empirical studies (Gualtieri, Fowlkes, and Ricci, 1996; Interlink,
1998). In calculating coherence, the software Pathfinder (Interlink, 1998;
Schvaneveldt, 1990) assumes that the relatedness between a pair of nodes can be
predicted by the relation of the nodes to other nodes in the system. Coherence is
calculated by correlating the actual distance between each pair of nodes with the
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distance predicted by correlating the distance between the pair and all other nodes
(Interlink, 1998).

The fourth control variable, profit volatility, is operationalized here as the standard
deviation of the subject’s EBIT over the seven simulated years. Profit volatility is
used as a proxy for short-term earnings management, which represents the decision
maker’s focus on short-term profitability (Collingwood, 2001). This measures the
degree to which the subject manages the organization to achieve positive profits every
time period.

5.2 Results
Manipulation Checks
In a questionnaire filled out at the end of the simulation, the subjects answered two
questions to determine whether the manipulated independent variables had the
intended impact. For the scorecard treatment, the subjects were asked to describe the
main focus of the scorecard they were provided. As expected, there was a significant
positive correlation (Pearson, 2-tailed) between the scorecard they were given and
what they described (ρ=0.49, p<0.03).
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For the enterprise system treatment, the subjects were also asked how accurate and
timely the information provided was. The correlation (Pearson, 2-tailed) was not
significant (ρ=0.168, p<0.10). This suggests that the differences in information
consistency in the information provided may not influence the subject’s perceptions
and suggests that any lack of results may be due to a result of the manipulation.
However, if the subjects are not compensating for inconsistent information, we would
expect the influence of information consistency on mental model similarity to be even
stronger.

Experimental Results
Contact the author for the data collected. The hypotheses that link the constructs in
Figure 1 were tested through regression analysis. Regression analysis is suggested
for experimental designs like this one, in which the model examines the dependence
relationships for one dependent metric variable (Hair et al., 1998) and is exploratory
in nature with a relatively small sample size (Gefen, Straub, and Boudreau, 2000).
Table 9 presents the definitions and operationalizations for the variables tested in the
model, including different and additional definitions and operationalizations from the
pilot study.
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Variable

Type of Variable

Definition

Operationalization

Number of

-1 (financial

Stakeholders in

stakeholders

scorecard)

Scorecard

represented in the

+1 (balanced

scorecard

scorecard)

Structural

-1 (financial

similarity of the

scorecard)

nodes and links in

+1 (balanced

the scorecard to

scorecard)

in Model
Number of

Scorecard

Independent

Independent

Similarity

reality
Information

Independent

Consistency

Timeliness and

-1 (fragmented

accuracy of

enterprise system)

information

+1 (integrated
enterprise system)

Number of

Dependent and

Number of

Self-reported

Stakeholders in

Independent

stakeholders in the

stakeholders trying

mental model

to satisfy

Mental Model
Mental Model

Dependent and

Structural

Comparison of

Similarity

Independent

similarity of the

network of link

nodes and links in

among nodes
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the mental model

elicited from

to reality

subjects to network
in simulator
(reality)

Total Value

Dependent

Created
Market Value

Dependent

Added

Total net value

Market value added

created over time

plus terminal value

Value added over

Discounted

the cost of capital

economic value of
the firm

Terminal Value

Time on Simulator

Dependent

Control

Net value of the

Discounted net

assets left at the

value of resources

end

left after year 7

Time subject spent

Time from

on simulator

beginning to
subject ends second
computer run

Time Answering

Time subject spent

Time from end of

Debriefing

answering the

second computer

Questions

debriefing

run to turn off

questions

computer

Internal

Measure of

Mental Model

Control

Control
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Coherence

Profit Volatility

Control

consistency of

relatedness of

subject’s mental

pairings in subject’s

model

elicited network

Measure of ability

Standard deviation

to manage

of EBIT

profitability
Table 9: Definition and Operationalization for Variables in Model for Full Study

The independent variable scorecard is coded as a dummy variable with -1 or +1, low
(financial scorecard) or high (balanced scorecard). The independent variable
information consistency is coded as –1 or +1, low (fragmented enterprise systems) or
high (integrated enterprise systems). To determine how the treatments influenced
performance, on average, this research used effects coding of –1 or +1, since the
dummy variable coefficients represent the group deviations from the mean of all
groups (Hair et al., 1998).

The correlation matrix for the regression analysis (see Table 10) shows significant
effects of the independent variables on the subject’s mental model and performance,
as well as significant effects for the mental model on performance. Table 10 presents
a histogram for each variable on the diagonal, and on the right-hand side the table
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presents the means and standard deviations for the dependent variables for each
treatment group (IC = information consistency and SS = structural similarity).

The regressions (see Table 11) were run on standardized values for all variables to be
able to compare directly the relative effect of each independent variable on the
dependent variable (Hair et al., 1998). The regressions passed the tests for the
assumptions in regression analysis, including the analysis of residuals and partial
regression plots for linearity, the Levene test for homogeneity of variance, the
residuals plot test for independence, the Shapiro-Wilk and Lilliefors (modified
Kolmogorov-Smirnov) test for normality, and the Durbin-Watson test for serially
correlated residuals.

Correlations (Pearson)
1
1 Information Consistency

2

3

4

5

6

7

8

9

10

11

Treatments -- mean (st.dev.)
low IC
low IC
high IC
low SS
high SS
low SS

high IC
high SS

2.16
(1.20)
56.4
(9.9)
17.7
(5.1)
691,370
(239,287)
0.24
(0.30)
-1.5E+08
(3.5E+08)
-3.4E+08
(1.1E+09)
-6.2E+08
(1.3E+09)

2.16
(1.52)
56.2
(11.8)
19.8
(6.6)
552,328
(155,267)
0.28
(0.23)
-1.0E+08
(3.8E+08)
2.2E+08
(1.0E+09)
6.4E+07
(1.1E+09)

6 0

5 0

4 0

3 0

2 0

1 0

S td. D ev = 1.01
M ean = 0.0
N = 98.00

0
- 1 .0

0 .0

1 .0

Inf orma tio n C onsiste ncy

2 Scorecard Similarity and
Number of Stakeholders in Scorecard
3 Number of Stakeholders in Mental Model

0.03
-0.01

-0.05

4 Mental Model Similarity

0.12

0.23*

0.14

5 Time on Simulation

0.02

-0.02

0.16

6 Time on Debriefing Questions

0.25*

-0.07

0.53*** 0.22*

.262**

7 Profit Volatility

-0.23*

-0.08

0.26**

0.05

-0.12

-0.01

8 Mental Model Coherence

0.08

0.01

0.16

0.26**

0.10

0.23*

0.09

9 MVA

0.12

-0.05

0.18

0.06

0.04

0.03

-0.36**

0.12

10 Terminal Value

0.19

0.01

0.34*** 0.28**

0.13

0.25*

0.19

0.28**

0.04

11 Total Value Created

0.22*

-0.01

0.38*** 0.28**

0.13

0.24*

0.05

0.30**

0.37***
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Table 10: Correlations (Pearson) for Full Study
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2.08
(1.32)
56.7
(13.3)
17.0
(5.4)
598,915
(195,004)
0.32
(0.23)
-5.3E+07
(2.5E+08)
-4.9E+08
(1.6E+09)
-6.1E+08
(1.3E+09)

2.29
(1.20)
57.6
(16.0)
20.8
(5.9)
552,793
(165,504)
0.33
(0.19)
2.7E+07
(2.1E+08)
-1.2E+08
(1.3E+09)
-9.5E+07
(1.4E+09)

The regression models include 98 subjects. Twenty were excluded because they did
not complete the simulation (7) or the questionnaire (13). The remaining subjects
were distributed evenly across the treatments with 25 in the low scorecard
similarity/low information consistency treatment, 24 in the high scorecard
similarity/low information consistency treatment, 24 in the low scorecard
similarity/high information consistency treatment, and 25 in the high scorecard
similarity/high information consistency treatment. For the 98 complete cases, an
analysis of outliers, using leverage and Cook’s distance (Hair et al., 1998; SPSS,
1999) and bivariate analyses (Hair et al., 1998) identified no cases that merited
exclusion. With 98 subjects included in the analysis and two independent variables,
the smallest R2 that can be found statistically at α = 0.05 and power = 0.80 is 0.10
(Hair et al., 1998, 165). Two regression models are calculated for each response
variable. Model “a” includes all of the relevant explanatory variables, and model “b”
includes those explanatory variables remaining from a stepwise regression.
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Regression on standardized form of variables (standardized betas)
Response Variable
Mental Model Similarity
Model 1a
Model 1b
Explanatory Variables
Information Consistency
0.092
p<0.375
Scorecard Similarity and
0.254
0.260
Number of Stakeholders in Scorecard
p<0.011
p<0.008
Number of Stakeholders in Mental Model

0.050
p<0.680

Mental Model Similarity
Profit Volatility
Time on Simulation
Time on Debriefing Questions
Mental Model Coherence

N
R2-adj

0.021
p<0.847
0.154
p<0.132
0.119
p<0.336
0.12
p<0.234
98
0.096
p<0.023

0.237
p<0.016

98
0.097
p<0.003

Total Value Created
Model 2a Model 2b
0.203
p<0.045
-0.002
p<0.987

0.179
p<0.054

0.325
p<0.006
0.188
p<0.066
0.047
p<0.646
0.051
p<.607
-0.061
p<.607
0.098
p<0.318

0.338
p<0.0001
0.226
p<0.018

98
0.167
p<0.002

98
0.197
p<0.0001

Table 11: Regression Models for Full Study

The rest of this section examines the results for the dependent variables.

Mental Models
The following section analyzes the regression results for both the value and factual
judgments in the subject’s mental model.
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Value Judgments
As for the value judgments in the subject’s mental model, near-zero non-significant
correlations showed no influence of number of stakeholders in the scorecard on the
number of stakeholders in the mental model. This does not support the expected
positive relationship in Hypothesis #1 (see Table 12 for a summary of the hypothesis
tests). We have identified five potential explanations for this non-result, although
other explanations may exist as well.

Hypothesis

Proposed Relationship

Results

1

+

Not supported

2

+

Supported

3

+

Not supported

4

-

Opposite

5

+

Supported

Table 12: Summary of Hypothesis Testing

The first explanation suggests that there was no treatment effect – the experimental
scorecard treatment did not influence the subjects. The manipulation check, as
reported above, shows the subjects perceived the difference in the stakeholder focus
of the scorecard, refuting this explanation.
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A second explanation might be that there was no variance in the dependent variable.
However, in the debriefing question on stakeholders, the subjects indicated that they
focused on between one and four stakeholders, with 31% focusing on one
stakeholder, 22% on two, 19% on three, and 28% on four. Broken down by which
stakeholder, 76% of all subject focused on shareholders, 45% on customers, 53% on
employees, and 49% on suppliers. These results are very similar to the findings from
a recent survey of the performance measurement systems used by 203 firms (cited in
Ittner and Larcker, 1998; Lingle and Schiemann, 1996).

A third explanation of the non-result could be that the treatment did not influence the
subject’s value judgments, which are long-term and harder to influence. Under this
explanation, it is no surprise that two hours in front of a simulator interface did not
change the subject’s value judgments. This is in contrast to the “framing” arguments
given for the initial hypothesis. This explanation was corroborated by the subjects’
answers to two questions in the debriefing questionnaire. For the financial scorecard
treatment, subjects with a reported shareholder focus indicated that they used the
financial scorecard to manage profitability. Subjects with a focus on multiple
stakeholders, however, reported that they tried hard to interpret from the financial
scorecard how the other stakeholders were doing. For the balanced scorecard
treatment, subjects with a shareholder focus used the balanced scorecard as a
disaggregated financial statement. Subjects that focused on multiple stakeholders,
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however, used the balanced scorecard to manage the satisfaction of multiple
stakeholders.

A fourth explanation might be that the scorecard treatment did not show a
relationship with the number of stakeholders in the subject’s mental model (value
judgments), but that it did influence the tendency of the subjects to focus
predominantly on the shareholder. The data suggest a negative influence of the
scorecard treatment on a predominant financial focus, with 84% of the financial
scorecard subjects reporting that they focused on shareholders, as compared to 67%
of the balanced scorecard subjects (ρ = -0.19, p<0.061).

A fifth explanation for the non-result might be that the subjects randomly answered
the questions about their focus on stakeholders (see Appendix J for the debriefing
questionnaire). The data showed, however, very significant correlations between the
subject’s stated focus on a stakeholder’s satisfaction and the actual satisfaction of that
stakeholder as measured in the simulator.

Factual Judgments
The regression results show that, controlling for the time the subjects took answering
the debriefing questions, scorecard similarity had a significant positive influence on
mental model similarity, supporting Hypothesis #2. Interestingly, the time the subject
spent on the simulation did not significantly influence mental model similarity.
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The results also indicate that the effect of information consistency on mental model
similarity was non-significant. This does not support the expected positive
relationship in Hypothesis #3. We have identified two potential explanations for this
non-result, although other explanations may exist as well.

The first explanation suggests the enterprise system (information consistency)
treatment did not influence the subject, which was supported by the manipulation
check for information consistency. A second explanation might be that subjects with
the low information consistency treatment (fragmented ES) were not motivated to
adequately complete the mental model similarity task. A non-significant relationship
between the treatment and the measure of mental model coherence (ρ = 0.08,
p<0.632) indicates there was no relationship between the treatment and the subject’s
attention given to the mental model similarity task.

On average, based on mental model similarity, the subject’s elicited mental model
showed only a modest understanding of the business model (mean = 0.23, s.d. = 0.09,
min = 0, max = 0.42).
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Performance
Total Value Created
On average the subjects created profits (EBIT, mean = 1.3e10 over 7 years, not
discounted), but destroyed economic value (MVA, mean = -7.2e7). This seems to be
a common situation in organizations (Ehrbar, 1998).

The regression results show that the number of stakeholders in the mental model
(value judgments) had a significant positive influence on total value created, the
opposite of the expected negative relationship in Hypothesis #4. The regression
results show that mental model similarity (factual judgments) also had a significant,
positive influence on total value created, supporting Hypothesis #5. Information
consistency shows a suggestive positive influence on total value created, which was
not hypothesized.

MVA and Terminal Value
A closer look at total value created indicates a more interesting story, highlighting the
influence of the scorecard, enterprise systems and mental model on the two
components of total value created, MVA and terminal value (see Table 13). As
discussed earlier, these two components distinguish between the value created during
the seven simulated years and the value of the remaining resources, respectively
(Copeland, Koller, and Murrin, 1996).
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The regression results show that, controlling for profit volatility, the number of
stakeholders in the mental model (value judgments) has a significant, positive
influence on MVA and that mental model similarity (factual judgments) does not.
The results also show that the number of stakeholders in the mental model (value
judgments) and mental model similarity (factual judgments) have a significant,
positive influence on terminal value.

This indicates that the subject’s value judgments influence short- to medium-term
performance, as measured by MVA, and the factual judgments do not. Also, the
subject’s value and factual judgments both influence long-term performance, as
measured by terminal value.
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Regression on standardized form of variables (standardized betas)
MVA
MVA
Response Variable
Model 1a Model 1b
Explanatory Variables
Information Consistency
0.080
p<0.423
Scorecard Similarity and
-0.085
Number of Stakeholders in Scorecard
p<0.381
Number of Stakeholders in Mental Model
Mental Model Similarity
Profit Volatility
Time on Simulation
Time on Debriefing Questions
Mental Model Coherence

N
R2-adj

Terminal Value Terminal Value
Model 2a
Model 2b
0.189
p<0.064
0.027
p<0.783

0.38
0.284
p<0.001 p<0.004
0.074
p<0.464
-0.444
-0.416
p<0.0001 p<0.0001
-0.040
p<0.687
-0.238
p<0.046
0.105
p<0.281

0.219
p<0.066
0.175
p<0.090
0.200
p<0.056
0.067
p<0.500
0.015
p<0.902
0.069
p<0.486

0.305
p<0.002
0.216
p<0.026

98
0.177
p<0.001

98
0.151
p<0.003

98
0.144
p<0.0001

98
0.175
p<0.0001

Table 13: Regression Models for Components of Performance

5.3 Discussion
The data confirmed some of the hypotheses. Increasing the structural similarity to
reality of the strategic performance measurement system (scorecard) significantly
improved the similarity of the subject’s mental model of the organization to reality,
supporting Hypothesis #2. Thus, the balanced scorecard seems to inform a better

83

understanding of the business model. Improved mental model similarity led to
stronger overall performance, supporting Hypothesis #5.

The data also provided some surprises. The experimental data did not support
Hypothesis #1. The subjects exhibited idiosyncratic stakeholder foci that were
independent of the scorecard they used to track organizational performance.

Improving the consistency of the information provided to the scorecard by the
enterprise system did not significantly improve the subject’s mental model similarity
to reality, thus rejecting Hypothesis #3. This might be due to the failure of the
subjects to perceive the information consistency manipulation. However, information
consistency seems to influence the subject’s ability to calibrate their mental model,
significantly impacting short-term performance.

The data also showed that as the number of stakeholders the subject focused on
increased from one to four, the total value they created increased, rejecting
Hypothesis #4. This result might be due partially to the configuration of the
information feedback in the underlying system dynamics simulator, though great care
was taken to structure and validate the simulator with expert knowledge and data
from real companies, as explained in §2.2.
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When looking more closely at performance, the subject’s understanding of the
business model (factual judgments) did not influence short-to-medium-term
performance (MVA). Whether value is created in the short-to-medium-term seems to
be independent of a good understanding of the business model. However, subjects
with mental models that were more similar to reality left behind a significantly more
valuable firm with stronger resources for competing in the future.

5.4 Academic Contributions
To be able to apply the above research to strategic decision making in organizations
requires:

•

understanding what attributes of scorecards and enterprise systems influence
managerial mental models of stakeholders and the organization

•

measuring managerial mental models of stakeholders and the organization

•

measuring decision outcomes and organizational performance

•

a controlled, realistic setting

This research accomplished these goals and provided a strong starting point for future
research in this direction.
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5.5 Managerial Implications
This research makes four basic contributions to the managerial practice of using
enterprise system-based scorecards:

1) identifying attributes of scorecards and enterprise systems that influence
strategic decision making and organizational performance
2) differentiating two components of mental models critical for strategic decision
making
3) showing how to improve each component of the mental model
4) showing how the mental model components influence performance.

Scorecards contain interrelated value judgments about the number of stakeholders to
incorporate and factual judgments about the structural similarity to reality of the
scorecard node and links. Greater clarity results from scorecards that explicitly
incorporate key stakeholders versus keeping managers guessing about them
implicitly. Greater clarity also results from highlighting performance measures that
indicate the means to achieving the fundamental objectives and their interrelationship
(for similar findings, see Bititci, Carrie, and McDevitt, 1997; Bruns and McKinnon,
1993). Enterprise system integration influences the timeliness and accuracy of the
information used for strategic decision making, which is used to calibrate the mental
model.
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The managerial mental model contains value judgments (what they want) and factual
judgments (the system with which to achieve it). To improve mental models for
strategic decision making, the manager should focus on three areas: (1) scorecards
that highlight means-ends objectives, and the relationships between them, (2)
development of managers with value judgments that include multiple stakeholders,
and (3) enterprise systems that provide consistent information, helping managers
calibrate their actions. The first and second areas deal with a systemic approach to
understanding the organization, indicating that this more systemic mental model leads
to stronger value creation, in the short and long term. The third area deals with the
information technology that supports the manager’s mental model, indicating that the
trend toward balanced scorecards supported by integrated information systems helps
mental model development and calibration, which impacts short-term value creation.

5.6 Directions for Future Research
This paper has provided a starting point for research on the effects of different
decision technologies on mental models for strategic decision making in
organizations. Specific to scorecard design, it is clear from this work that future
research should test the number of stakeholders included explicitly in the scorecard
design and the scorecard’s structural similarity to reality, testing whether they
outperform financial scorecards and balanced scorecards in informing managerial
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understanding and performance. More generally, this work calls for future research
that separately evaluates what managers understand about a decision (factual
judgments) and the parts of the understanding they focus on (value judgments).

For enhancements of this work, further research might test the influence of the
treatments on earnings management, general knowledge, mental model calibration,
and other decision making aids. Earnings management (profit volatility) showed a
significant correlation with information consistency, potentially indicating an
influence on short-term earnings management. Further testing with senior executives
in the wireless telecommunications industry would examine the influence of general
knowledge on mental model similarity to reality. This might indicate whether
scorecards are most effective at informing the mental models of people who are new
to the system, or if they inform both novices and experts. The experimental data
seem to indicate that adding a construct for mental model calibration might explain
the influence of the enterprise system on performance. This same theory could also
be used to test other decision aids (i.e., CRM technologies, and systems thinking
diagrams) to see how they inform mental models for strategic decision making.
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Appendix A

Simulation Model Equations

This section provides the equations, in system dynamics format (Sterman, 2000), of
the simulator model used in the experiment, as coded in the software ithink 7.0 (High
Performance Systems, 2001).

CALCULATIONS FOR HIGH INFORMATION NOISE
Admin_$_AnT = NORMAL(1, 1-Low_Behavioral_Accuracy[Financial_A])
* SMTH3(Admin_$, Low_Behavioral_Timeliness[Financial_A], Admin_$)
DOCUMENT: The administrative costs are inconsistent, with a normal
distribution that has a different standard deviation for each type of
information. The data is also delayed a different amount depending on the
type of information.
Base_Stations_AnT = NORMAL(1, 1Low_Behavioral_Accuracy[Infrastructure_A]) *
SMTH3(Base_Stations, Low_Behavioral_Timeliness[Infrastructure_A],
Base_Stations)
DOCUMENT: The number of base stations is inconsistent, with a normal
distribution that has a different standard deviation for each type of
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information. The data is also delayed a different amount depending on the
type of information.
Base_Stations_in_Process_AnT = NORMAL (1, 1Low_Behavioral_Accuracy[Infrastructure_A]) *
SMTH3(Capacity_In_Process, Low_Behavioral_Timeliness[Infrastructure_A],
Capacity_In_Process)
Capital_Charge_AnT = NORMAL(1, 1-Low_Behavioral_Accuracy[Financial_A]) *
SMTH3(Capital_Charge, Low_Behavioral_Timeliness[Financial_A],
Capital_Charge)
DOCUMENT: Capital charges are inconsistent, with a normal distribution
that has a different standard deviation for each type of information. The data
is also delayed a different amount depending on the type of information.
Cash_Taxes_AnT = NORMAL (1, 1-Low_Behavioral_Accuracy[Financial_A]) *
SMTH3(Cash_Taxes, Low_Behavioral_Timeliness[Financial_A], Cash_Taxes)
DOCUMENT: Cash taxes are inconsistent, with a normal distribution that has
a different standard deviation for each type of information. The data is also
delayed a different amount depending on the type of information.
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Compet_Customer_Sat_AnT = NORMAL(1, 1Low_Behavioral_Accuracy[Customers]) * SMTH3(Compet_Customer_Sat,
Low_Behavioral_Timeliness[Customers], Compet_Customer_Sat)
DOCUMENT: Half of the dissatisfied customers complain.
Source: Assumption.
Customer_Satisfaction_AnT = NORMAL(1, 1Low_Behavioral_Accuracy[Customers]) * SMTH3(Customer_Satisfaction,
Low_Behavioral_Timeliness[Customers], Customer_Satisfaction)
DOCUMENT: Half of the dissatisfied customers complain.
Source: Assumption.
Customer_to_Employee_Ratio_AnT = NORMAL (1, 1Low_Behavioral_Accuracy[Employee_A]) *
SMTH3(Customer_to_Employee_Ratio,Low_Behavioral_Timeliness[Employee_A],
Customer_to_Employee_Ratio)
Daily_Available_Building_Capacity_AnT = NORMAL (1, 1Low_Behavioral_Accuracy[Infrastructure_A]) *
SMTH3(Daily_Building_Cap_Avail_to_Firm,
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Low_Behavioral_Timeliness[Infrastructure_A],
Daily_Building_Cap_Avail_to_Firm)
EVA_DnA = NORMAL(1, 1-Low_Behavioral_Accuracy[Financial_A]) *
SMTH3(EVA, Low_Behavioral_Timeliness[Financial_A], EVA)
DOCUMENT: The economic value added (EVA) is inconsistent, with a
normal distribution that has a different standard deviation for each type of
information. The data is also delayed a different amount depending on the
type of information.
HR_Expenses_AnT = NORMAL(1, 1-Low_Behavioral_Accuracy[Financial_A]) *
SMTH3(HR_Expenses, Low_Behavioral_Timeliness[Financial_A], HR_Expenses)
DOCUMENT: The human resource expenses are inconsistent, with a normal
distribution that has a different standard deviation for each type of
information. The data is also delayed a different amount depending on the
type of information.
HR_Service_Index_AnT = NORMAL (1, 1Low_Behavioral_Accuracy[Employee_A]) *
SMTH3(HR_Service_Index,Low_Behavioral_Timeliness[Employee_A],
HR_Service_Index)
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Interest_Expense_AnT = NORMAL(1, 1-Low_Behavioral_Accuracy[Financial_A])
* SMTH3(Interest_Expense, Low_Behavioral_Timeliness[Financial_A],
Interest_Expense)
DOCUMENT: The interest expenses are inconsistent, with a normal
distribution that has a different standard deviation for each type of
information. The data is also delayed a different amount depending on the
type of information.
IT_Facilitation_Index_AnT = NORMAL (1, 1Low_Behavioral_Accuracy[Infrastructure_A]) * SMTH3(IT_Facilitation_Index,
Low_Behavioral_Timeliness[Infrastructure_A], IT_Facilitation_Index)
Low_Behavioral_Accuracy[Customers] = 0.7
Low_Behavioral_Accuracy[Infrastructure_A] = 0.8
Low_Behavioral_Accuracy[Employee_A] = 0.8
Low_Behavioral_Accuracy[Financial_A] = 0.9
Low_Behavioral_Timeliness[Customers] = 180
Low_Behavioral_Timeliness[Infrastructure_A] = 90
Low_Behavioral_Timeliness[Employee_A] = 180
Low_Behavioral_Timeliness[Financial_A] = 90
Market_Share_AnT = Our_Customers_AnT / Population
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DOCUMENT: The reported market share is inconsistent, with a normal
distribution that has a different standard deviation for each type of
information. The data is also delayed a different amount depending on the
type of information.
Network_Coverage_AnT = NORMAL (1, 1Low_Behavioral_Accuracy[Infrastructure_A]) *
SMTH3(Network_Coverage, Low_Behavioral_Timeliness[Infrastructure_A],
Network_Coverage)
Network_Daily_Capacity_AnT = NORMAL(1, 1Low_Behavioral_Accuracy[Infrastructure_A]) *
SMTH3(Network_Daily_Capacity, Low_Behavioral_Timeliness[Infrastructure_A],
Network_Daily_Capacity)
DOCUMENT: The reported daily network capacity is inconsistent, with a
normal distribution that has a different standard deviation for each type of
information. The data is also delayed a different amount depending on the
type of information.
Network_Quality_AnT = NORMAL (1, 1Low_Behavioral_Accuracy[Infrastructure_A]) *
SMTH3(Network_Quality, Low_Behavioral_Timeliness[Infrastructure_A],
Network_Quality)
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Number_of_Employees = Relevant_Skilled_People + Obsolete_Skilled_People
DOCUMENT: The number of employees equals the sum of those that have
relevant and obsolete skills.
Number_of_Employees_AnT = NORMAL(1, 1Low_Behavioral_Accuracy[Employee_A]) *
SMTH3(Number_of_Employees, Low_Behavioral_Timeliness[Employee_A],
Number_of_Employees)
DOCUMENT: The reported number of employees is inconsistent, with a
normal distribution that has a different standard deviation for each type of
information. The data is also delayed a different amount depending on the
type of information.
Obsolete_Skilled_People_AnT = NORMAL (1, 1Low_Behavioral_Accuracy[Employee_A]) *
SMTH3(Obsolete_Skilled_People,Low_Behavioral_Timeliness[Employee_A],
Obsolete_Skilled_People)
Operating_Costs_AnT = NORMAL (1, 1-Low_Behavioral_Accuracy[Financial_A])
* SMTH3(Operating_Costs, Low_Behavioral_Timeliness[Financial_A],
Operating_Costs)
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Operating_Expense_AnT = NORMAL(1, 1Low_Behavioral_Accuracy[Financial_A]) *
SMTH3(Operating_Expenses, Low_Behavioral_Timeliness[Financial_A],
Operating_Expenses)
DOCUMENT: The reported operating expenses are inconsistent, with a
normal distribution that has a different standard deviation for each type of
information. The data is also delayed a different amount depending on the
type of information.
Other_Operations_Expenses_AnT = NORMAL(1, 1Low_Behavioral_Accuracy[Financial_A]) *
SMTH3(Other_Operations_Expenses, Low_Behavioral_Timeliness[Financial_A],
Other_Operations_Expenses)
DOCUMENT: The reported other operating expenses are inconsistent, with a
normal distribution that has a different standard deviation for each type of
information. The data is also delayed a different amount depending on the
type of information.
Our_Customers_AnT = NORMAL(1, 1-Low_Behavioral_Accuracy[Customers]) *
SMTH3(Our_Customers, Low_Behavioral_Timeliness[Customers], Our_Customers)
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DOCUMENT: The number of firm customers is inconsistent, with a normal
distribution that has a different standard deviation for each type of
information. The data is also delayed a different amount depending on the
type of information.
Perceived_Call_Quality_AnT = NORMAL (1, 1Low_Behavioral_Accuracy[Infrastructure_A]) *
SMTH3(perceived_Call_Quality_U, Low_Behavioral_Timeliness[Infrastructure_A],
perceived_Call_Quality_U)
Perceived_Customer_Service_AnT = NORMAL (1, 1Low_Behavioral_Accuracy[Customers]) *
SMTH3(perceived_Customer_Service_U,Low_Behavioral_Timeliness[Customers],
perceived_Customer_Service_U)
Relevant_Skilled_People_AnT = NORMAL (1, 1Low_Behavioral_Accuracy[Employee_A]) *
SMTH3(Relevant_Skilled_People,Low_Behavioral_Timeliness[Employee_A],
Relevant_Skilled_People)
Retention_Rate_AnT = NORMAL(1, 1-Low_Behavioral_Accuracy[Customers]) *
SMTH3(Retention_Rate, Low_Behavioral_Timeliness[Customers], Retention_Rate)
Revenues_AnT = NORMAL(1, 1-Low_Behavioral_Accuracy[Financial_A]) *
SMTH3(Revenues, Low_Behavioral_Timeliness[Financial_A], Revenues)
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DOCUMENT: The reported revenues are inconsistent, with a normal
distribution that has a different standard deviation for each type of
information. The data is also delayed a different amount depending on the
type of information.
SSIT_AnT = NORMAL(1, 1-Low_Behavioral_Accuracy[Infrastructure_A]) *
SMTH3(Service_Supporting_Information_Technology,
Low_Behavioral_Timeliness[Infrastructure_A],
Service_Supporting_Information_Technology)
DOCUMENT: The reported level of service supporting IT is inconsistent,
with a normal distribution that has a different standard deviation for each type
of information. The data is also delayed a different amount depending on the
type of information.
Total_Handset_Subsidy_AnT = NORMAL (1, 1Low_Behavioral_Accuracy[Financial_A]) * SMTH3(Total_Handset_Subsidy,
Low_Behavioral_Timeliness[Financial_A], Total_Handset_Subsidy)

CUSTOMER BASE
Our_Customers(t) = Our_Customers(t - dt) + (Gaining_Back_Customers +
Gaining_New_Customers - Losing_Customers) * dt
INIT Our_Customers = 6000000 * 0.2
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DOCUMENT: These are Sagebrush Wireless customers. Customers are
users with their own telephones, thus there may be various per household or
commercial unit.
INFLOWS:
Gaining_Back_Customers = (Population - Our_Customers) * MAX (Retention_Rate
- 1, 0) / Customer_Delay_in_Acting
DOCUMENT: Assume that consumers take, on average, X days to respond to
changes in their satisfaction by changing companies. X days is the
Customer_Delay_in_Acting.
Gaining_New_Customers = New_Users * Market_Share
DOCUMENT: The daily number of new customers to the market that choose
Sagebrush Wireless.
OUTFLOWS:
Losing_Customers = Our_Customers * MAX(1 - Retention_Rate, 0) /
Customer_Delay_in_Acting
DOCUMENT: Assume that consumers take, on average, X days to respond to
changes in their satisfaction by changing companies. X days is the
Customer_Delay_in_Acting.

99

Market_Share = Our_Customers / Population
DOCUMENT: This is Sagebrush's ratio, from 0.0 to 1.0, of the total demand
in the marketplace.
New_Users = Population - DELAY(Population,1)
DOCUMENT: These are the new users entering the market. It is calculated
as the difference in the population today and the population yesterday. Since
the model specifies that the population is growing, this simplification always
results in a positive number.
Customer_Delay_in_Acting = GRAPH(Retention_Rate)
(0.00, 1.00), (0.1, 7.00), (0.2, 30.0), (0.3, 62.9), (0.4, 120), (0.5, 183), (0.6, 243), (0.7,
301), (0.8, 335), (0.9, 358), (1, 365)
DOCUMENT: Assume that consumers take, on average, X days to respond to
changes in satisfaction. This is principally driven by the length of their
contract.
Population = GRAPH(TIME)
(0.00, 6e+006), (365, 6.6e+006), (730, 7.2e+006), (1095, 7.8e+006), (1460,
8.4e+006), (1825, 9e+006), (2190, 9.6e+006), (2555, 1e+007)
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DOCUMENT: The population of users in the market place. These consumers
use Sagebrush or the competition. The population grows over 2555 days (7
years) from 6 to 10 million).

CUSTOMER SATISFACTION
Avg_Mo_Price_for_Service = 50
DOCUMENT: The average monthly price is the monthly subscription rate
paid by the wireless consumer. $50 is an average amount assumed, equivalent
to roughly a 500 minute/month plan.
Customer_Mo_Disposable_Income = 50
DOCUMENT: This is the amount of money (share of wallet) that the
consumer will spend on wireless telephony services per month.
Customer_Satisfaction = ((perceived_Call_Quality_U ^ (1/2)) *
(perceived_Customer_Service_U ^ (1/2))) * Customer_Mo_Disposable_Income /
Avg_Mo_Price_for_Service
DOCUMENT: This calculates the consumer's satisfaction based on the
quality of the call, customer service quality, and the monthly cost to the
consumer for those services relative to what they are willing to pay.
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perceived_Call_Quality_U = (Network_Coverage ^ (1/2)) * (Network_Quality ^
(1/2))
DOCUMENT: The consumer's perceived quality of "the call" reflects their
perception of the coverage in the network (does my call drop in certain areas)
and the network quality (can I get on, is there noise).
perceived_Customer_Service_U = (HR_Service_Index ^ (1/2)) *
(IT_Facilitation_Index ^ (1/2))
DOCUMENT: The consumer's perception of the quality of service provided
by Sagebrush Wireless in the form of talking to representatives at the call
center that are courteous, helpful, and knowledgeable about the issues the
consumer calls about (HR Service Index) and the call center reps have access
to the information to resolve the issue (IT facilitation index).
Retention_Rate = Customer_Satisfaction / Compet_Customer_Sat
DOCUMENT: This is the percentage of Sagebrush Wireless customers that
remain with Sagebrush Wireless versus going to the competition. Given
strong word of mouth, this is calculated as the ratio between Sagebrush
customer satisfaction and the satisfaction of the customers of the competition.
All the customers of the competition are pooled together.
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Compet_Customer_Sat = GRAPH(TIME)
(0.00, 0.9), (2555, 0.95)
DOCUMENT: The competition is getting better, with their customer
satisfaction increasing over time. Note: 2555 is the number of days in 7 years,
the duration of the simulation.

EBIT AND TIME
EBIT = Revenues - (Operating_Costs - Interest_Expense)
DOCUMENT: Earnings before interest and taxes.
Elapsed_Time = TIME
DOCUMENT: This is the time that the model has been running.
Initial_Year = 2000
DOCUMENT: This sets the year that the model starts, used in the graphic
output to add a sense of reality.
Months = INT((Elapsed_Time - (Years - Initial_Year) * 365 {days/yr})/ (365/12
{days/month}))
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DOCUMENT: Calculates the number of months into the year the simulator is
running, which is shown in the graphical output.
Sample_Slider = 70000000
Years = INT(Elapsed_Time / 365 {days/yr}) + Initial_Year
DOCUMENT: Calculates the number of years the simulator has run, which is
shown in the graphical output.

ECONOMIC VALUE ADDED
Cume_EVA(t) = Cume_EVA(t - dt) + (Revenues - Operating_Expenses Cash_Taxes - Capital_Charge) * dt
INIT Cume_EVA = 0
DOCUMENT: This is the accumulated EVA for the duration of the
simulation. EVA is the economic value added every time period (Ehrbar,
1998), which calculates the value created from the revenues after all costs,
including capital charges, have been removed. Assume that in the beginning
of the simulation no value has been created or destroyed to date.
INFLOWS:
Revenues = Our_Customers * Avg_Mo_Price_for_Service / Days_per_Month
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DOCUMENT: This is the gross income stream, calculated as the number of
Sagebrush Wireless customers multiplied by the average price they pay per
month, averaged to a daily rate, since the simulator is run on a daily basis.
OUTFLOWS:
Operating_Expenses = Operating_Costs + Depreciating_SSIT +
Depreciating_Training + Depreciating_Infrastructure
DOCUMENT: The operating expenses are calculated as the cost of operating
the business plus depreciation for the three assets of the firm (SSIT, Training,
and Infrastructure).
Cash_Taxes = (Revenues - Operating_Expenses) * Tax_Rate
DOCUMENT: Cash taxes are paid at the tax rate on the net revenues (gross
revenues less operating expenses).
Capital_Charge = Economic_Capital * WACC {%/yr} / 365 {days/yr}
DOCUMENT: Capital charge is the cost of having the capital charged to the
company for use of the capital. The cost of capital is calculated as the
weighted average cost of capital (WACC), averaged to a daily rate.
Cust_Sat_adjusted_EVA = EVA * Customer_Satisfaction
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Cust_Sat_adjusted_MVA = NPV(Cust_Sat_adjusted_EVA, WACC {%/yr}/365
{days/yr})
Days_per_Month = 365/12
DOCUMENT: The average number of days per month, used to convert
monthly numbers to daily numbers.
EVA = Revenues - Operating_Expenses - Cash_Taxes - Capital_Charge
DOCUMENT: EVA is the economic value added every time period (Ehrbar,
1998), which calculates the value created from the revenues after all costs,
including capital charges, have been removed.
MVA = NPV(EVA, WACC {%/yr}/365 {days/yr})
DOCUMENT: Market value added (MVA) is the discounted EVA cash flow
(Ehrbar, 1998).
Net_Income = Pre_tax_Profit - Taxes
DOCUMENT: Net income is the gross revenues less operating expenses less
interest expenses less taxes.
Pre_tax_Profit = Revenues - Operating_Expenses - Interest_Expense
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DOCUMENT: The revenues less operating expenses less interest expenses.
This is the amount that will be used to calculate taxes.
Taxes = Pre_tax_Profit * Tax_Rate
DOCUMENT: Taxes are based on profits before taxes multiplied by the tax
rate.
Tax_Rate = 0.4
DOCUMENT: The annual corporate tax rate is assumed to be 40%.

FINANCIALS
Cash(t) = Cash(t - dt) + (Incoming_Cash + Borrowing_Cash Outflowing_Cash_to_Costs) * dt
INIT Cash = 50000000
DOCUMENT: This is the initial cash on hand at Sagebrush Wireless.
Source: Expert panel estimate.
INFLOWS:
Incoming_Cash = Revenues
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DOCUMENT: This is cash flowing into the firm via revenues from
customers.
Borrowing_Cash = MAX(Minimum_cash_level - Cash - Incoming_Cash +
Outflowing_Cash_to_Costs, 0)
DOCUMENT: This is cash flowing into the firm via funds borrowed from
debtholders.
OUTFLOWS:
Outflowing_Cash_to_Costs = Investing_in_IT + Investing_in_Infrastructure +
Cash_Taxes + Operating_Costs - Interest_Expense * (1 - 0.6) +
Investing_in_Training + Repaying_principal
DOCUMENT: The daily outlay of cash to pay for investments in IT, base
stations, and training as well as pay taxes, operating costs and repay principal
on debt.
Debt(t) = Debt(t - dt) + (Borrowing - Repaying_principal) * dt
INIT Debt = 700000000
DOCUMENT: This is the amount of Sagebrush Wireless' debt. Source:
Expert panel estimate.
INFLOWS:
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Borrowing = Borrowing_Cash
DOCUMENT: Amount of cash borrowed per day.
OUTFLOWS:
Repaying_principal = IF (DE_Ratio > Target_DE)
THEN MIN( MAX(Cash - Maximum_cash_level, 0), Debt - Equity * Target_DE)
ELSE 0
DOCUMENT: Principal is paid on the debt, if the debt to equity ratio is
higher than the desired ratio. The amount paid is the lesser of (1) debt over
the desired debt level, or (2) available cash. Available cash is the amount over
the maximum desired cash level.
Information_Technology(t) = Information_Technology(t - dt) + (Investing_in_IT Depreciating_SSIT) * dt
INIT Information_Technology = 20000000
DOCUMENT: This is the dollar level of the investment in information
technology in the firm. This is principally information technology used to
support the call centers, not the wireless telephony infrastructure. Source:
Expert panel estimate.
INFLOWS:
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Investing_in_IT = Annual_Support_Serving_IT_$ / 365 {days/yr}
DOCUMENT: This is the daily equivalent of investment in service
supporting IT.
OUTFLOWS:
Depreciating_SSIT = Information_Technology / (IT_Depreciation_Time * 365
{days/yr})
DOCUMENT: This is the amount of service support information technology
(SSIT) that is depreciated daily, based on the IT depreciation rate. The
depreciation rate, here, is the physical depreciation rate, not the accounting
rate.
Infrastructure(t) = Infrastructure(t - dt) + (Investing_in_Infrastructure Depreciating_Infrastructure) * dt
INIT Infrastructure = 300000*2000
DOCUMENT: This is the dollar equivalent of the investment in telephony
infrastructure, where US$300,000 is the cost per base station and assumes
2000 base stations initially. Source: Expert panel estimate.
INFLOWS:
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Investing_in_Infrastructure = (Annual_Base_Station_$ +
investing_annually_in_basic_infrastructure) / 365 {days/yr}
DOCUMENT: This is the financial investment, converted to a daily rate, for
the telephony infrastructure.
OUTFLOWS:
Depreciating_Infrastructure = Infrastructure/ (Infrastructure_Depreciation_Time *
365 {days/yr})
DOCUMENT: This is the dollar equivalent of depreciation, on a daily rate,
for the telephony infrastructure. This is the physical deterioration rate, which
is not equivalent to the accounting rate.
Other_Economic_Capital(t) = Other_Economic_Capital(t - dt) +
(Investing_in_Training - Depreciating_Training) * dt
INIT Other_Economic_Capital = 5000000
DCUMENT: This is the dollar equivalent invested in "other economic
capital," which here covers training of the human resources. Source: Expert
panel estimate.
INFLOWS:
Investing_in_Training = Annual_Training_$ / 365 {days/yr}
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DOCUMENT: The daily dollar equivalent of the investment in training
human resources.
OUTFLOWS:
Depreciating_Training = Other_Economic_Capital / (Training_Depreciation_Time *
365 {days/yr})
DOCUMENT: Assume 5-year depreciation for Training and R&D. Source:
Expert panel estimate.
Admin_$ = Revenues * Admin_%_rev / 100
DOCUMENT: The daily expenditure on administrative overhead.
Admin_%_rev = 25
DOCUMENT: The percentage of revenue that is allocated to administrative
overhead.
Average_salary = Base_Salary / 365 {days/yr}
DOCUMENT: The daily salary paid to the average employee.
Base_Salary = 40000
DOCUMENT: The base annual salary paid to the average employee.
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Cost_of_Equity = 0.2 {%/yr}
DOCUMENT: Source: Expert panel estimate
DE_Ratio = Debt/Equity
DOCUMENT: The ratio of debt to equity, which indicates how the firm
finances its investments.
Economic_Capital = Information_Technology + Infrastructure +
Other_Economic_Capital
DOCUMENT: This is the capital invested in information technology,
infrastructure, and training (other economic capital).
Equity = 600000000
DOCUMENT: Source: Expert panel estimate.
Handset_Subsidy = 100
DOCUMENT: The subsidy paid by the telco per customer per year. The
handset subsidy provides the phone to the customer for free to commit the
customers to the subscription fees. Source: Expert panel estimate.
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HR_Expenses = (Obsolete_Skilled_People + Relevant_Skilled_People) *
Average_salary
DOCUMENT: The salaries paid daily to Sagebrush Employees. The number
of employees is the sum of the relevant and obsolete skilled employees.
Infrastructure_Depreciation_Time = 20
DOCUMENT: The number of years to depreciate the investment in
infrastructure. Source: Expert panel estimate.
infrastructure_to_base_station_ratio = 1 / 3
DOCUMENT: Every $3 invested in base stations requires $1 invested in
basic infrastructure, such as switches. Source: Expert panel estimate.
Interest_Expense = Debt * (Cost_of_Debt {%/yr} / 365 {days/yr})
DOCUMENT: The daily dollar amount paid in interest on the current debt.
investing_annually_in_basic_infrastructure = Annual_Base_Station_$ *
infrastructure_to_base_station_ratio
DOCUMENT: The amount of money invested annually in infrastructure.
IT_Depreciation_Time = 10
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DOCUMENT: The time in years over which an investment in information
technology (IT) obsoletes. Source: Expert panel estimate.
Maximum_cash_level = 50000000
DOCUMENT: The maximum level of cash kept in very liquid investments.
Source: Expert panel estimate.
Minimum_cash_level = 20000000
DOCUMENT: The minimum of cash kept in some very liquid form to meet
short-term financial obligations. Source: Expert panel estimate.
Operating_Costs = Total_Handset_Subsidy + Admin_$ + HR_Expenses +
Interest_Expense + Other_Operations_Expenses
DOCUMENT: These are the cash outflows that are expensed every day.
Other_Operations_Expenses = Base_Stations * Avg_Cost_per_Base_Station *
Tech_unit_op_cost {%/yr}/ 365 {days/yr}
DOCUMENT: These are the daily maintenance expenses for the fleet of base
stations.
Target_DE = 1.0
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DOCUMENT: The target debt to equity ratio that the firm will try to
maintain. Source: Expert panel estimate.
Tech_unit_op_cost = 0.03 {%}
DOCUMENT: The unit cost per dollar invested in base stations, which is
allocated to technical maintenance of the infrastructure.
Total_Handset_Subsidy = Our_Customers * (Handset_Subsidy / 365 {days/year})
DOCUMENT: This is the total daily cost of the handset subsidy for
Sagebrush Wireless. The handset subsidy is the cost to the company of
providing the handsets to customers below cost.
Training_Depreciation_Time = 5
DOCUMENT: The number of years over which the training given an
employee becomes obsolete. Source: Expert panel estimate.
WACC = Cost_of_Equity * (Equity/(Debt+Equity)) +
Cost_of_Debt* (1- Tax_Rate) * (Debt/(Debt+Equity))
DOCUMENT: The weighted average cost of capital (WACC) calculates the
weighted average cost of having equity holders and debt holders, who have
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different rates of return that they require. The WACC is used to calculate the
capital charge.
Cost_of_Debt = GRAPH(DE_Ratio)
(0.00, 0.06), (1.00, 0.063), (2.00, 0.07), (3.00, 0.08), (4.00, 0.09), (5.00, 0.101), (6.00,
0.117), (7.00, 0.135), (8.00, 0.149), (9.00, 0.16), (10.0, 0.165)
DOCUMENT: The cost of debt, as an annual percentage rate, increases as the
debt to equity ratio increases. Source: Expert panel estimate.

HUMAN RESOURCES
Obsolete_Skilled_People(t) = Obsolete_Skilled_People(t - dt) + (obsoleting - training
- osp_leaving) * dt
INIT Obsolete_Skilled_People = 200
DOCUMENT: Source: Expert panel estimate.
INFLOWS:
obsoleting = Relevant_Skilled_People * Industry_Technology_Change_Rate{%/yr}/
365 {days/yr}
DOCUMENT: The daily number of people with relevant skills that are
obsoleted every day, based on technological changes in the industry.
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OUTFLOWS:
training = MIN(Training_effectiveness * (Relevant_Skilled_People +
Obsolete_Skilled_People) / 365 {days/yr}, Obsolete_Skilled_People)
DOCUMENT: The daily number of obsolete skilled people that are trained,
which is a function of the effectiveness of the training. The formulation
calculates the daily equivalent of training all the obsolete skilled people in the
year, at the training effectiveness ratio.
osp_leaving = IF Relevant_Skilled_People > 100
THEN Obsolete_Skilled_People * (Annual_Attrition_Rate +
Annual_Downsize_Rate) {%/yr}/365 {days/yr}
ELSE Obsolete_Skilled_People/DT
DOCUMENT: The daily number of people with obsolete skills that leave the
firm, through attrition or lay offs. When the number of employees with
relevant skills get low, below 100, then they all leave.
Relevant_Skilled_People(t) = Relevant_Skilled_People(t - dt) + (training +
hiring_skilled_people - obsoleting - rsp_leaving) * dt
INIT Relevant_Skilled_People = 1500
DCUMENT: Source: Expert panel estimate.

118

INFLOWS:
training = MIN(Training_effectiveness * (Relevant_Skilled_People +
Obsolete_Skilled_People) / 365 {days/yr}, Obsolete_Skilled_People)
DOCUMENT: The daily number of obsolete skilled people that are trained,
which is a function of the effectiveness of the training. The formulation
calculates the daily equivalent of training all the obsolete skilled people in the
year, at the training effectiveness ratio.
hiring_skilled_people = Annual_Hiring_Rate * (Relevant_Skilled_People +
Obsolete_Skilled_People)/365 {days/yr}
OUTFLOWS:
obsoleting = Relevant_Skilled_People * Industry_Technology_Change_Rate{%/yr}/
365 {days/yr}
DOCUMENT: The daily number of people with relevant skills that are
obsoleted every day, based on technological changes in the industry.
rp_leaving = IF Relevant_Skilled_People > 1000
THEN Relevant_Skilled_People * (Annual_Attrition_Rate +
Annual_Downsize_Rate) {%/yr}/365 {days/yr}
ELSE MIN( INIT(Relevant_Skilled_People) * (Annual_Attrition_Rate +
Annual_Downsize_Rate)/365, Relevant_Skilled_People/DT)
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DOCUMENT: The number of people with relevant skills that leave the firm
each day as a result of attrition or downsizing. When there are fewer than
1000 employees, then the employees leave quickly.
Annual_Downsize_Rate = 0
DOCUMENT: The percentage of employees that are laid off each year.
Annual_Hiring_Rate = 0.2
DOCUMENT: The number of employees hired per year.
Annual_Training_$ = 2000*1700
DOCUMENT: The annual budget for training.
Benchmark_Service_Level = 1200
DOCUMENT: The customer to relevant employee level at which customer
service is 100%. Source: Expert panel estimate.
Benchmark_Training_$ = 2000
DOCUMENT: The benchmark is to spend $2,000 per year on training per
employee. This is approximately 5% of a $40,000 annual salary. This is
equivalent to 2 weeks of training for lower and middle level managers. This
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would be equivalent to 1 week of training for senior level seminars. Source:
Expert panel estimate.
Call_Center_Employees_Ratio = 0.75
DOCUMENT: The ratio of the employees of the company that work in the
call centers versus the technicians installing the technology. Source: Expert
panel estimate.
Customer_to_Employee_Ratio = IF (Relevant_Skilled_People >1)
THEN Our_Customers / (Relevant_Skilled_People * Call_Center_Employees_Ratio)
ELSE 4000
DOCUMENT: The number of customers to Sagebrush Wireless call center
employee. If there is less than one employee, then the ratio is set at 4000,
which is poor, to avoid an infinitely high number. Source: Expert panel
estimate.
Industry_Technology_Change_Rate = 0.5
DOCUMENT: The rate at which the technology in the wireless industry
changes, which is equivalent to the inverse of the number of years before the
technology is obsolete. Source: Expert panel estimate.
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Training_$_per_Employee = Annual_Training_$ / (Relevant_Skilled_People +
Obsolete_Skilled_People + 1)
DOCUMENT: The annual investment in training per employee.
Training_effectiveness = Training_$_per_Employee / Benchmark_Training_$
DOCUMENT: This is a graphical function of the amount of money spent to
train an employee per year, as compared to an industry standard for keeping
employees current.
Annual_Attrition_Rate = GRAPH(HR_Service_Index)
(0.00, 1.00), (0.1, 0.92), (0.2, 0.84), (0.3, 0.76), (0.4, 0.68), (0.5, 0.6), (0.6, 0.52), (0.7,
0.44), (0.8, 0.36), (0.9, 0.28), (1, 0.2)
DOCUMENT: Assumes an annual 20% natural attrition rate for the telecom
industry averaged over all job descriptions.
Source: Expert panel estimate.
HR_Service_Index = GRAPH(Customer_to_Employee_Ratio /
Benchmark_Service_Level)
(0.00, 1.50), (1.00, 1.00), (2.00, 0.5), (3.00, 0.00)
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DOCUMENT: The level of customer service provided by the employees in
the call center, as a function of the industry standard service level. Source:
Expert panel estimate.

SERVICE SUPPORTING INFORMATION TECHNOLOGY
Service_Supporting_Information_Technology(t) =
Service_Supporting_Information_Technology(t - dt) + (investing_in_SSIT retiring_SSIT) * dt
INIT Service_Supporting_Information_Technology = 15000 * 2000
DOCUMENT: The dollar value of the service supporting information
technology (SSIT). Source: Expert panel estimate.
INFLOWS:
investing_in_SSIT = Annual_Support_Serving_IT_$ / 365 {days/yr}
DOCUMENT: The dollar value of the daily investment in service supporting
information technology (SSIT). The equation takes the more intuitively
appealing annual investment rate and derives a daily rate.
OUTFLOWS:
retiring_SSIT = Service_Supporting_Information_Technology / (IT_Retiring_Time *
365 {days/yr})
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DOCUMENT: The dollar value of the daily retiring of service supporting
information technology (SSIT). The equation divides the total resource of
SSIT by the number of days that IT typically lasts. IT is retired when it no
longers serves the customer's needs.
Annual_Support_Serving_IT_$ = 5000 * 1700 * 0.75
DOCUMENT: The annual dollar investment in service supporting
information technology. The number assumes that initially $5000 is spent per
employee per year and that there are (1700 * 0.75) call center employees.
Benchmark_IT$_per_Employee = 15000
DOCUMENT: The industry standard for information technology annual
investment per employee, providing a service level of 100%. Source: Expert
panel estimate.
Effective_IT$_per_Employee = Service_Supporting_Information_Technology /
((Number_of_Employees + 1) * Call_Center_Employees_Ratio)
DOCUMENT: This ratio represents the amount of SSIT $ spent per call
center employee per year. The ratio is multiplied by the information
processing quality to represent the ineffectiveness of the low quality data.
IT_Retiring_Time = 5
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DOCUMENT: Annual rate of retirement of a system, including upgrades.
Assume retiring a system every five years. Source: Expert panel estimate.
IT_Facilitation_Index = GRAPH(Effective_IT$_per_Employee /
Benchmark_IT$_per_Employee)
(0.00, 0.00), (0.25, 0.25), (0.5, 0.5), (0.75, 0.75), (1.00, 1.00), (1.25, 1.16), (1.50,
1.20), (1.75, 1.20), (2.00, 1.20)
DOCUMENT: A graphical function of the investment in service supporting
IT per customer. All the service employees (relevant skills plus obsolete
skills) are included here, as the information technology (IT) budget will cover
all of them. IT integration provides higher levels of access to better
information for the service support centers. Source: Expert panel estimate.

TECHNOLOGY
Base_Stations(t) = Base_Stations(t - dt) + (building_Base_Stations retiring_Base_Stations) * dt
INIT Base_Stations = 2000
DOCUMENT: Base stations are the infrastructure components that convert
the landline infrastructure to radio signal for the wireless phones. Starting
with coverage of half of the area.
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INFLOWS:
building_Base_Stations = MIN (Capacity_In_Process,
Daily_Building_Cap_Avail_to_Firm)
DOCUMENT: The number of base stations built per day is constrained by
either the number requested that are still in process or the number that the
suppliers can construct.
OUTFLOWS:
retiring_Base_Stations = Base_Stations / (Base_Station_Avg_Life * 365 {days/yr})
DOCUMENT: This is the number of base stations that are retired per day.
This is calculated by dividing the number of existing base stations by the
average annual life, converted to days.
Capacity_In_Process(t) = Capacity_In_Process(t - dt) + (ordering_capacity building_Base_Stations) * dt
INIT Capacity_In_Process = 0
DOCUMENT: The capacity in process is the number of base stations that the
wireless telco has requested from the supplier base and that are waiting to be
constructed.
INFLOWS:

126

ordering_capacity = (Annual_Base_Station_$ / 365) / Avg_Cost_per_Base_Station
DOCUMENT: This is the number of base stations that the wireless telco
orders per day. It is calculated by dividing the annual investment in base
stations by the average base station cost to arrive at the total number of base
stations to be requested in the year. This number is converted to a daily rate.
OUTFLOWS:
building_Base_Stations = MIN (Capacity_In_Process,
Daily_Building_Cap_Avail_to_Firm)
DOCUMENT: The number of base stations built per day is constrained by
either the number requested that are still in process or the number that the
suppliers can construct.
Annual_Base_Station_$ = 900000 * 365
DOCUMENT: The annual dollar investment by Sagebrush Wireless in base
stations.
Avg_Cost_per_Base_Station = 300000
DOCUMENT: The average cost of a base station. Source: Expert panel
estimate.
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Avg_Monthly_Usage = 150
DOCUMENT: Minutes of usage per user per month. Source: Expert panel
estimate.
Base_Station_Avg_Life = 20
DOCUMENT: Twenty years for the average lifetime of a base station or
repeater. Source: Expert panel estimate.
Base_Station_Turnaround_Time = IF (Capacity_In_Process <> 0)
THEN Capacity_In_Process / (building_Base_Stations +1) +
Min_Base_Station_Construction_Time
ELSE Min_Base_Station_Construction_Time
DOCUMENT: This calculates the average time it takes to build a base
station, incorporating the wait time for constrained construction.
Capacity_Utilization = Total_Daily_Usage / Network_Daily_Capacity
DOCUMENT: This measures the percentage of the network capacity that is
being utilized, on average, per day. This does not account for peak loads;
however, deterioration in performance during peak load when capacity
utilization is high is considered in the network quality.
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Daily_Building_Cap_Avail_to_Firm = (Supplier_Annual_Building_Capacity *
Market_Share / 365 {days/yr})
DOCUMENT: The number of base stations that the firm can have
constructed a day. Assumes that the firm has the same access to the capacity
to build base stations that the competition does. Thus, take the total industry
construction capacity and multiply by the firm's market share (penetration
rate).
Daily_Capacity_per_Base_Station = 3000000 {minutes/base station/year}/ 365
{days/yr}
DOCUMENT: Minutes per year of capacity, averaged to a daily value.
Source: Expert panel estimate.
Initial_Supplier_Annual_Building_Capacity = 3000
DOCUMENT: The number of base stations that the installed supplier base
can provide per year.
Min_Base_Station_Construction_Time = 30
DOCUMENT: The minimum number of days to construct a base station.
Source: Expert panel estimate.
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Network_Coverage = Base_Stations / Number_of_Bases_for_100%_Coverage
DOCUMENT: Network coverage indicates the percentage of the region that
is covered by cellular service. The function is based on an ideal coverage of
4000 base stations for 6 million customers. Source: Expert panel estimate.
Network_Daily_Capacity = Base_Stations * Daily_Capacity_per_Base_Station
DOCUMENT: The daily capacity in minutes provided by the Sagebrush
Wireless installed infrastructure.
Number_of_Bases_for_100%_Coverage = 4000 * MAX(1, Population / 6000000)
DOCUMENT: This is the number of bases that Sagebrush Wireless must
install to get 100% coverage for the population in their area. Source: Expert
panel estimate.
Supplier_Annual_Building_Capacity = Initial_Supplier_Annual_Building_Capacity
+ Supplier_Growth_Due_to_Our_Demand
+ Supplier_Growth_Due_to_Overall_Demand
DOCUMENT: The number of base stations that the combined supplier base
can construct in the region in a year. On average the supplier base will be
able to construct one base station for every 2000 people. This roughly
estimates the demand for base station suppliers to which the suppliers will
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respond by increasing their capacity -- so, if the population grows, so does the
supplier base.
Supplier_Growth_Due_to_Our_Demand = SMTH3(Capacity_In_Process,
Supplier_Growth_Response_Time, Capacity_In_Process)
DOCUMENT: The growth in the supplier base that is due to a response in
our demand.
Supplier_Growth_Due_to_Overall_Demand = (Population / 2000 {customers/base
station/yr} - Initial_Supplier_Annual_Building_Capacity)
* (1 - Market_Share)
DOCUMENT: This is the growth in the supplier base for constructing base
stations, as a response to the overall market demand for base stations.
Supplier_Growth_Response_Time = 183
DOCUMENT: The time that it takes for the supplier industry to respond to an
increase in demand for services.
Total_Daily_Usage = Our_Customers * (Avg_Monthly_Usage / (365/12) {days/mo})
DOCUMENT: The number of minutes per day used by Sagebrush Wireless
customers.
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Network_Quality = GRAPH(Capacity_Utilization)
(0.00, 1.00), (0.1, 0.98), (0.2, 0.96), (0.3, 0.93), (0.4, 0.91), (0.5, 0.885), (0.6, 0.85),
(0.7, 0.8), (0.8, 0.738), (0.9, 0.635), (1, 0.5)
DOCUMENT: Source: Expert panel estimate.
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Appendix B

Application for the Review of a

Project Involving Human Subjects (for Pilot
Study)
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Appendix C

Cover Letter and Instructions

The following cover letter was given to each participant explaining the purpose of the
experiment and their choice in participating. The material was the same for the pilot
study and the full study, altering only the dates and website directories.

Cover Letter for Measuring the Impact of Enterprise Resource Planning
Systems and the Balanced Scorecard Technique on Managing the
Extended Enterprise

This research proposes a theoretical model to explain how information selection
and processing impact contextual clarity, and strategic decision-making
performance. The following exercise tests the theory with participants making
simulated strategic decisions about an extended wireless telecommunications
supply chain. The research results will be included in the dissertation of James
Ritchie-Dunham.

Participation in this exercise is based on enrollment in BA 380N Introduction
to Operations Management. The total number of potential participants is 120
(total course enrollment during the Spring 2001 semester). Participants will
gain a better understanding of how Enterprise Resource Planning systems and
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the Balanced Scorecard technique influence management of the extended
enterprise.

This exercise involves the management of a wireless telecommunications
supply chain over a seven-year time horizon in a computer simulation game.
Including description, the exercise will take 2 hours and 15 minutes. During
the exercise, participants will provide demographic information, read a case
description, perform simulation exercises, and fill out questionnaires on the
results from the simulation exercises.

Participant responses will remain anonymous. To ensure anonymity, each
participant has been randomly assigned a number. All exercise results will be
associated with this number not the participant’s name.

Participants do not have to answer every question on the questionnaires.

Participation in this exercise is voluntary. A participant may elect to withdraw
from the exercise at any time. Failure to participate in this exercise will in no
way affect a student’s grade in this course or his/her relationship with The
University of Texas at Austin.
Any questions about this exercise should be directed to Professor Douglas J.
Morrice, MSIS Department, CBA 5.202, The University of Texas at Austin,
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Austin, Texas 78712. Professor Morrice can be reached by telephone at 512471-7857 or by email at morrice@mail.utexas.edu.

Participants may keep this cover letter.

The instructions for logging on to the unique temporary account on the computer and
participating in the experiment were placed next to each computer.

Spring 2001
Sagebrush Wireless Game Logistics

1) Introduction.
2) Read the cover letter, on the reverse side of this page.
3) The game is an individual exercise.
4) Logon to the computer. Username: gumby; Password: Lincoln61;
Domain: BUS.
5) Open MS Explorer and type in the URL:
http://classweb1.bus.utexas.edu/Fall2000/Morrice/experiment
/welcome.asp
6) Read the welcome screen and click on “Advance”.
7) Complete the questionnaire about your work and education experience.
Then click on the “Advance” button.
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8) On the next screen, read through the CEO briefing material. Click on the
folder headings to read through all the material. Once you have gone
through the briefing material, go to the Human Resources section and
click on “Advance”.
9) Click on “Open Simulator” to open the practice run of the simulator (i.e.,
the simulation game exercise). Select “Save this file to disk,” and save it
to the ZIP disk.
10) Open the simulator:
a) From the Windows Start button, select Run. Go to Browse and find
the ZIP disk.
b) Select “ithink6rt.exe”
c) In ithink, click on the introductory screen where it says, “Click to
Continue”.
d) Go

to

FILE/OPEN

and

on

the

ZIP

disk,

open

“Sagebrush_Practice.ITR”.
11) The simulator opens to a screen of instructions for using the game
interface (“dashboard”) and its functionality. When you finish reading,
click on the large purple button that says, “Click here to go to the
Executive Dashboard”.
12) This is your practice run. Run Sagebrush Wireless for 7 years. Resource
Allocation Decisions can be made every six months. Therefore, there will
be 14 time points at which you can make decisions. Once the game
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reaches Year 2007, Month 0, the game ends and a dialog box comes up
signifying the end of the game. You are taken to a new screen, where you
should click on “Advance”. Once out of the simulator environment, click
on “Advance”.
13) On the next screen, click on the “Run Sagebrush” button. Select “Save
this file to disk,” and save it to the ZIP disk.
14) Open the simulator:
a) From the Windows Start button, select Run. Go to Browse and find
the ZIP disk.
b) Select “ithink6rt.exe”
c) In ithink, click on the introductory screen where it says, “Click to
Continue”.
d) Go to FILE/OPEN and on the ZIP disk, open “Sagebrush_Run.ITR”.
15) This is your real run. You are now CEO. Run Sagebrush Wireless for 7
years. At the end, you will be taken to a new screen, where you should
click on “Advance”. Once out of the simulator environment, click on
“Advance”.
16) On the next screen, we debrief your experience as CEO. This information
is important for the feedback we will give you in class, so please take the
time to think through your answers. Fill out the questionnaire, which will
take approximately 20-25 minutes. Then click the “Advance” button to
move to the final screen.
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17) Close the web browser.
18) Please contact an instructor to come and collect the ZIP disk, and to log
you off the computer. Thanks for playing the game and we will give you
feedback on April 12.
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Appendix D

Case Study

The subjects were presented the following case study on-line.

Consultant Report
The map below describes the business cycle for Sagebrush Wireless, in general terms,
for the supply chain external and internal components.
External Components
Following the logic of the external value chain, in the Customer Satisfaction
component, the firm provides services to customers for a fee. The customer chooses
to continue with the firm, if satisfied with the service provided for the price paid.
Satisfaction is measured relative to both the competitive offering in the marketplace
and the customer's disposable income dedicated to wireless telephone services.
Satisfaction is measured as a utility function of the price paid for a perceived level of
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call quality and customer service. We assume demand for wireless services will
continue its strong growth, with the customer's average disposable income remaining
about the same. In the Customer Base component, relative Customer Satisfaction
affects movement of customers between the firm and the competition.
Internal Components
Following the logic of the internal value chain, the Financials component takes the
revenues from customers and operating costs from the internal resources and
calculates the financial statements. The Investment Decisions component applies your
capital allocation decisions to technology, human resources, and service supporting
IT. In the Technology component, suppliers add base stations to the basic
infrastructure, providing a level of network coverage and quality. The Human
Resources component describes the dynamic of human resource skills as employees
are hired or fired, and as they are trained or their skills are obsoleted by changing
technologies. The Service Supporting Information Technology component depicts the
dynamics of the information systems that support the call centers.
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Cellular Network Description
Although different technologies exist, all cellular networks have the same basic
structure. A cell, consisting of a base station (tower) with a certain range of coverage,
represents the basic unit in the cellular network. Figure 1 depicts a cell with the tower
at the center and a circular region of coverage.

Figure 1: A Cell in a Cellular Network
Each cell has a maximum capacity measured in channels. The number of channels
determines the number of telephone connections that can be handled simultaneously
in a base station's coverage area. To increase coverage and capacity, a wireless
telecommunications company constructs a network of cells (see Figure 2). Since
adjacent cells overlap slightly, the cells must be designed so that the same channel in
different cells are not adjacent. Otherwise, different telephone connections using the
same channel in different cells might interfere with one another.
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Figure 2: A Network of Cells
A Mobile Telephone Switching Office (MTSO) represents the heart of a cellular
network. The MTSO interfaces with all the base stations in the network through
landline cable connections. Additionally, it connects the network to Public Switched
Telephone Networks (PSTN) such as Southwestern Bell and other cellular networks.
Therefore, all telephone traffic between the cellular network and the PSTN or other
networks passes through the MTSO.
A cellular network is constructed in stages by adding more cells to increase coverage
and capacity. The construction of each cell requires base station installation and
connection of the base station to the MTSO through a landline cable connection. If
construction crews are available, the construction of a cell takes 30 days and costs
$300,000. The cell is not functional until construction is complete.
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The subjects were provided the following summary of the case study, inside the
simulator, to refer to during the experiment.
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Appendix E

On-line Simulator Instructions

The subjects were presented the following instructions about running the simulator
on-line. All subjects were given the same set of instructions.
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Appendix F

Debriefing Questionnaire for

Pilot Study
We would now like to ask you a few questions, to debrief your experience as CEO of
Sagebrush Wireless.
Question: To what extent does the executive information system enable you to:
(Evaluated on a scale from 1, to no extent, to 5, to a great extent).
•
•
•
•
•
•
•

Confirm your understanding of the business
Justify decisions
Verify assumptions
Maintain your perspective
Support your actions
Reinforce your beliefs
Validate your point of view

Question: To what extent does the executive information system enable you to:
•
•
•
•
•
•
•
•

Challenge your perspectives
Foster your creativity
Improve your insight into the business
Broaden your outlook
Re-orient your thinking
Expand your scope
Question your preconceptions
Test your assumptions

The following questions ask about your understanding of your role in running the
wireless telecommunications firm, in this simulation.

1. What was your overall objective, in this simulation?
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2. What firm resources did you develop to meet these strategic success factors? How
did achievement of each of these strategies, over time, influence your ability to
develop each of the firm resources you listed above? Please be specific for each
strategy and firm resource.
3. How did development of a specific resource affect development of the other
resources? Please be specific for each of the firm's resource you described above.
4. Knowing what you do now, what actions would you take differently next time?

These following questions ask about the experience you just had in running the
simulator.

1. What was the overall goal you were asked to achieve for the wireless telco?
2. What was the main focus of the “executive interface” we developed for you?
3. How accurate and timely was the information provided?
4. Did you have enough time to make decisions?
5. Would you have changed the decisions you made if you had more time? If yes,
what would you have changed? Please be specific.
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Appendix G

User Interfaces for Pilot Study

Low Information Consistency with Low Scorecard Similarity
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Low Information Consistency with High Scorecard Similarity

High Information Consistency with Low Scorecard Similarity
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High Information Consistency with High Scorecard Similarity
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Appendix H

Approved Application for

Changes to an Approved Project (for Full
Study)
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Appendix I

Sign-up Sheets for Full Study

The subjects were asked to sign in, since participation in the experiment counted as a
homework grade.
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Appendix J

Debriefing Questionnaire for Full

Study

When the subjects completed the simulation, they were asked to answer the following
questions.
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Appendix K

Simulator Interface Overlays on

Simulator
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Low Scorecard Similarity (financial scorecard) Overlay on Simulator Model

This is a word-arrow representation of the simulation model used for the experiment
in this research. The circles indicate the variables included in the financial scorecard.
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The hexagons are the inputs they controlled. The thick outlines indicate which
resources focus on which stakeholders, such as shareholders (finances), customers,
suppliers (internal processes), and employees (learning and growth).
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High Scorecard Similarity (balanced scorecard) Overlay on Simulator Model

This is a word-arrow representation of the simulation model used for the experiment
in this research. The circles indicate the variables included in the balanced scorecard.
The hexagons are the inputs they controlled. The thick outlines indicate which
resources focus on which stakeholders, such as shareholders (finances), customers,
suppliers (internal processes), and employees (learning and growth).
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Appendix L

User Interfaces for Full Study

The subjects were presented the following screens to interface with the underlying
simulator model. The scorecard treatment (financial or balanced) affects the variables
provided in the interface, as seen below, while the enterprise system treatment
(fragmented or integrated) influences the information that is shown for each variable.
These are described in the detailed listing of the simulator equations in the Appendix.

For each scorecard treatment, there are two screens included in the user interface.
The first screen provides the data for that time period. The second screen presents the
historical behavior over time for each of the variables in the first screen. The subject
accesses the second screen via the “Historical Behavior” button in the “Briefing
Folder Update” at the top of the screen.

The interface in the low scorecard similarity (financial scorecard) treatment includes
the variables: EBIT (earnings before interest and taxes)
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Simulated Time
Year

Briefing Folder Update

2,000

Month

Run

Historical Behavior

0

Revenues
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?

0
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2,000

7

915,068

Other Operations Expenses

49,315

Interest Expense
123,059

Resource Allocation Decisions
Human Resource Investments

Infrastructure Investments

Annual Hiring Rate
Annual Base Station $

?
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7
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0.34

x 10
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?
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?

0.0

Low Scorecard Similarity Treatment (financial scorecard)
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Historical Behavior for Low Scorecard Similarity Treatment
(financial scorecard)
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Simulated Time
Year
Month
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Historical Behavior for High Scorecard Similarity Treatment
(balanced scorecard)
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