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A Hybrid Location Method for
Missile Security Team Positioning
Chief Master Sergeant Michael C. Dawson
Air Force Logistics Management Agency
Lt. Colonel John E. Bell, Ph.D.
Lt. Colonel Jeffery D. Weir, Ph.D.
Air Force Institute of Technology

This research provides solutions to the problem of locating security teams
over a geographic area to maintain security for US Air Force
Intercontinental Ballistic Missile Systems. A combination of two location
modeling techniques, the p-median and p-center models, is used to
generate solutions which minimize the distances traveled while
minimizing the maximum distance any one missile site is from required
security forces. Solutions are generated using heuristic and optimization
techniques in a VBA enhanced Excel spreadsheet. Results indicate that a
significant improvement can be achieved and the techniques are currently
being tested by the Air Force for possible implementation.

The Minuteman Intercontinental Ballistic Missile (ICBM) nuclear weapon system
has been a pillar of the United States’ military forces for more than forty years and will
continue to be so for the foreseeable future. The current version of this weapon system,
the Minuteman III, is organized into operational units called “wings” at three locations:
Malmstrom Air Force Base (AFB), Montana—200 ICBMs; Minot AFB, North Dakota—
150 ICBMs; and F. E. Warren AFB, Wyoming—150 ICBMs. All wings are broken down
into squadrons of 50 ICBMs each and flights of 10 ICBMs. A site containing an ICBM is
known as a Launch facility (LF), and in the Minuteman system an LF contains only one
ICBM. A Missile Alert Facility (MAF) is also assigned to each flight. The MAF houses
the launch control officers, flight security controller, and additional support personnel.
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The Minuteman weapon system has earned credibility as a viable strategic
deterrent through its ability to achieve high availability levels on a consistent basis,
normally exceeding 99 percent annually. Availability is commonly defined as the
measure to which a system is in an operable state at the start of a mission when the
mission is called for at an unknown random time (Blanchard & Peterson, 1995).
Maintenance personnel performing priority, periodic, and weapon system upgrade
maintenance are a key aspect of achieving these availability rates. Additionally,
protecting the weapon system from damage, destruction, and theft is crucial to the
nation’s security. Therefore, a specified number of security teams are positioned to
respond to a threat at an LF. These security teams only need to be positioned when the
LF is to be penetrated, that is, when the maintenance team will enter into the missile
silo itself. Additional requirements ensure that additional forces are also close enough
to respond if a hostile event escalates.
The events of September 11, 2001 have placed a much higher degree of emphasis
on security for ICBMs. The United States cannot afford the dire consequences of
damage or theft of even one of its nuclear assets. Over the course of the past several
years, many physical security upgrades have been implemented. These physical
security upgrades, along with the existing system, are designed to delay a hostile act
long enough for a security force to respond to any threat and eliminate it. Great
measures are taken to protect the system as it lies in its standby state, and great
measures must also be taken to protect it when it is exposed for maintenance. Recent
demands from the highest levels of government to reduce security forces’ response
times place an increased strain on the already tenuous availability of limited security
forces resources. Therefore, effectively deploying available security forces and
exercising sound decision-making policies when completing all daily maintenance
requirements is the only way to ensure system protection and effectiveness.
These enhanced security requirements require a balance between achieving system
availability and affording the proper level of protection to the weapon system. It is
unlikely that both goals can be maximized on a consistent basis without some tradeoffs occurring. Therefore, decision makers are put in the tenuous position of having
the maintenance schedule constrained by security requirements on a daily basis.
Constant cancellation of maintenance actions will undoubtedly cause system
availability to degrade over time, while even more dire consequences are perceivable
without adequate security for the weapon system. This research seeks to provide
decision makers with a reliable method for balancing these competing objectives.
The overall research question for this study is: Can a user-friendly modeling
technique be developed to minimize security force response times while providing
decision makers with a tool for balancing trade-offs between maintenance
requirements and optimal or near optimal security forces’ response times? This
question addresses the current operating environment and acknowledges the
possibility of requiring some trade-offs in system availability to achieve heightened
security levels.
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Literature Review
Very little previous research has been conducted on this specific problem. An initial
effort by Seaberg (1999) introduced the umbrella concept. This concept was to create
a security “umbrella” under which maintenance would be conducted. This proposal
attempted to limit maintenance operations that required a penetrated LF to remain
within the umbrella. The proposal also had a goal of limiting missile maintenance
operations to daylight hours. In related work, James (2004) proposed the option of
removing critical nuclear components from the missile and performing all annually
required maintenance during a set period of time. This method would require
extensive coordination between the various types of maintenance teams and would
result in much overtime pay for civilian workers. This method purports to reduce the
number of security teams required per day, but comes at a high cost. Although several
classified exercises and studies have intended to analyze the inherent vulnerabilities of
the system and potential physical security preventative measures, no known studies
have been conducted concerning the optimal placement of security teams in the
missile fields. This study accomplishes such placement with the use of existing
location modeling techniques found in the literature (Drezner & Hamacher, 2002;
Daskin, 1995).

Methodology
This study uses actual data on LF and MAF locations, interconnecting roads in the
missile fields, and available security forces’ teams. These data are applied in three
distinct methods to understand and study the tradeoffs between maintenance and
security requirements. Each of these methods can be described as a discrete location
model composed of different types of servicing locations and demand locations. The
servicing facilities are the LFs, MAFs, and selected staging areas located at road
intersections. Demand nodes are the penetrated LFs where maintenance is being
accomplished. The models aspire to optimize the geographic placement of security
force response teams based on daily scheduled maintenance requirements. Although
classified procedures related to this work could not be included in this paper, the
military’s approach to this research and related problems are referenced in Eberlan
(2004) and are contained in the classified security regulation, Department of Defense
S-5210.41-M.
The next several sections provide a description of the data, the formulation of the
models, methods for generating solutions, and the necessary modeling assumptions.

Data
This research utilizes data collected on the 150 Minuteman III LFs at F.E. Warren
AFB, Wyoming for calendar year 2003 and from January through May of 2004. The
following data was collected from the F.E. Warren AFB during that period:
• Security forces’ response time matrices from Missile Alert Facilities (MAFs) to LFs
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• Daily maintenance status sheets from January through May of 2004
• Periodic maintenance due dates and locations
• Daily security escort availability and security teams requested by maintenance
• Daily LF maintenance performed
• Off-alert hours for missile systems
All data were collected from historical records maintained at F.E. Warren AFB and
were obtained from the Headquarters of Twentieth Air Force (Overholts, 2004). A
limited amount of weekend and holiday data was missing on security escort
availability and number of teams requested by maintenance. Data on LF and MAF
latitude/longitude coordinates were collected from a public website
(http://w3.uwyo.edu/~jimkirk/warren-mm.html) and coordinates for the additional
staging areas were obtained by using the free trial-version of AccuGlobe®. Road
overlays for Colorado, Nebraska, and Wyoming were also obtained at a public website
(http://arcdata.esri.com/data/), and the latitude and longitude coordinates of the
staging areas were obtained by plotting the staging areas on these maps and viewing
the displayed coordinates. Once generated, all of the coordinates were validated with
personnel at F.E. Warren AFB.
Candidate locations for security team positioning included the 165 existing
Minuteman LFs and MAFs, and 68 additional staging sites were selected at road
intersections resulting in 233 candidate locations. Coordinates of candidate locations
were represented in degrees, minutes, and seconds format and distances were
calculated using the Haversine great circle method outlined by Bell & McMullen
(2003). This distance data was then used to build a distance matrix detailing the
mileage between each LF, MAF, and staging area as computed by an Excel® macro
developed by Eberlan (Eberlan, 2004). For this research, straight-line distances were
used and it is acknowledged that using actual road route distances would improve the
accuracy of the results, but would also add greatly to the complexity of the problems
to be solved. Finally, distance calculations were converted to a response time in
minutes by multiplying the distance by a factor of 60/40, to represent forty miles per
hour average driving speeds.

Model Formulations
The problem of finding the optimal placement for security force teams is modeled
as a facility location problem. Three of the many methods of locating facilities available
in the literature are selected to solve this problem. This gives decision makers alternate
methods to solve the problem based on their objectives. First, The p-median problem
intends to minimize the demand-weighted total distance between demand sites and
servicing facilities (Hakimi, 1964). The p-center problem covers all demand and seeks
to minimize the maximum distance between any single demand point and a servicing
facility (Hakimi, 1964). In addition, a third hybrid method is developed by first
obtaining a p-center solution, and then adjusting the solution by reducing the total
distance using a p-median approach.
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The p-Median Problem
The formulation of Daskin (1995) with three minor adjustments is utilized in this
research. The first adjustment removes the demand weight multiplier from the
objective function, because the demand in this model is assumed equal. This is
consistent with the demand at F.E. Warren where each penetrated LF is assumed equal
in importance to any other penetrated LF. The second adjustment allows for fewer than
the available number of security teams to be utilized. This is necessary when the
number of available security teams exceeds the number of scheduled sites or when
deploying additional security teams will not improve upon the objective function. The
final adjustment allows each penetrated LF to be assigned to more than one security
team. This is feasible at F.E. Warren because, theoretically, security teams may be
placed in close enough proximity to one another to allow for an overlap of coverage.
That is, one team could respond to an LF within another team’s assigned coverage area
in the rare event that the other team is already responding at another LF. The
formulation is as follows:

(1)

(2)

(3)

(4)
(5)
(6)

Xj = 1 if we locate a security team at candidate staging area j, 0 otherwise
Yij = 1 if penetrated LF i is served by candidate staging area j, 0 otherwise
dij = the distance between points or nodes i and j
P = number of security teams to be located.
The objective function (1) minimizes aggregate travel distance, thus minimizing
response times, between all penetrated LFs and selected staging areas where security
teams are placed. Constraint (2) requires that at least one team covers each penetrated
LF. Constraint (3) states that no more than P teams are to be located. Constraint (4)
links the location variables (Xj) and the allocation variables (Yij), and ensures that a
penetrated LF, i, cannot be assigned to a candidate staging area, j, unless a team is
located at staging area j. Constraints (5) and (6) are integrality constraints. The
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GRASP heuristic is used to generate solutions for the p-median problem (Feo &
Resende, 1989). The heuristic begins by checking all possible combinations of
scheduled LFs as potential staging areas and also searches the areas around those
points. The best solution found, which has the minimum total distance, is kept. The
randomized portion of the heuristic is then performed, evaluating the neighborhoods
around 100 randomly chosen points and comparing the solutions to the best original
solution. If a better solution is found, it is kept as the very best solution. The solution
identifies the locations of the staging areas, the allocations of penetrated LFs to staging
areas, and the response distance/time. This model assumes all teams are available.
The p-Center Problem
The objective of the p-center model is to minimize the maximum response time or
distance between a security team placed at a staging area and a penetrated LF. There are
two different formulations of the p-center problem: the vertex p-center problem and
the absolute p-center problem. The vertex p-center formulation is used in this model
because staging areas can only be located on the candidate staging area nodes and not
on the arcs (anywhere along the routes), as in the absolute p-center problem. The
formulation used in this research is from Daskin (1995) with minor adjustments. As in
the previous modeling techniques used in this chapter, this modeling formulation
again removes the demand-weighted multiplier. The same adjustments pertaining to
security teams made in the p-median formulation are included in this model.

(7)

(8)

(9)
(10)

(11)
(12)

W = maximum distance between a penetrated LF and its assigned team
Yij = 1 if penetrated LF i is assigned to candidate staging area j, 0 otherwise
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Xj = 1 if we locate a team at candidate staging area j, 0 otherwise
P = number of security teams to locate
dij = the distance between points or nodes i and j
The objective function (7) minimizes the maximum distance that any penetrated
LF is from a deployed security team. Constraint (8) requires that each penetrated LF
be assigned to at least one security team. Constraint (9) stipulates that no more than
P teams are to be located. Constraint (10) links the location variables (Xj) and the
allocation variables (Yij), and ensures that a penetrated LF, i, cannot be assigned to a
candidate staging area, j, unless a team is located at staging area j. Constraint (11)
states that the maximum distance between a penetrated LF and a security team must
be greater than or equal to the distance between any penetrated LF, i, and the team at
staging area, j, to which it is assigned. Constraints (12) and (13) are the integrality and
non-negativity constraints, respectively. This model is solved to optimality by using
the Bisection method to achieve the lowest maximum distance any team is located
from a penetrated LF. Because the maximum distance between any two points in the
distance matrix is 93.29 miles, the method begins with a maximum value of fortyseven and a minimum value of zero. The maximum and minimum values are bisected
until the lowest distance that covers all scheduled penetrated LFs, within one-tenth of
a mile, is found. The Bisection method can be slow to converge to the optimal
solution, but is guaranteed to obtain the optimal solution within the specified accuracy
(Faires & Burden, 1993).

Hybrid Method
The hybrid method is a heuristic approach which utilizes the p-center and p-median
formulations and solution methods previously described. This is the only method that
seeks to achieve multiple objectives, and the heuristic method contains three steps.
First, the Bisection method is used to solve for the p-center solution. Second, the
maximum distance from the resulting p-center solution is then fixed. In the third and
final step, the GRASP heuristic is employed to minimize the total distance given the pcenter solution maximum distance constraint. The resulting hybrid solution is simply
a heuristic adjustment to the optimal p-center solution which achieves a nice balance
or compromise between the competing objectives of minimizing distance (p-median)
and minimizing the maximum distance (p-center). The hybrid method uses the same
distance computation methods used for the first two models and is used to generate
solutions that are then compared to the others in the results section. The hybrid method
is subject to the same modeling assumptions as the p-median and p-center techniques.
Modeling Assumptions
Several critical assumptions are made in developing the models:
• No consideration is given to higher emergency security levels
• The straight line distance computations used in the models are realistic
• Data collected from F.E. Warren AFB is representative of the other wings
• Maintenance requirements for other missile systems were not considered
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• The given number of Security Teams is always available
• A security team responding to a penetrated LF is unavailable to respond to
another penetrated LF

Results
The current method of deploying security teams in the Air Force is based solely on
experience and the daily requirements in the missile fields. Since there is no
established mathematical method associated with the current deployment scheme, the
results of the three models are compared to each other for analysis. A comparison of
the generated results to the actual response times at F.E Warren AFB is not releasable
from the US Air Force; however, a limited comparison of using mathematical modeling
in comparison to actual response times is reported by Overholts (2006). For this
research, each model was used to generate simulated results for maintenance
requirements which occurred during a period of 53 days from January 2004 to May
2004. This period was felt to be an adequate representation of the maintenance
encountered at F.E. Warren, and a copy of the generated results data from the model
is presented in Appendices A-C. In summary, each model is compared to the others
based on several measures including security team utilization, average security team
response time, average total distance to penetrated LFs, and the average maximum
distance any security team is located from a penetrated LF. Additionally, the models are
run with all potential staging areas and with a limited set including only the MAF and
LF locations as potential sites for positioning security teams. This comparison was
useful to show the Air Force that restricting its staging areas to only the MAF and LF
locations is having a negative impact on their ability to cover penetrated LFs. The
MAF/LF only option includes 165 potential staging areas, and the all staging area
options include an additional 68 sites for a total of 233 potential staging areas located
throughout the missile field. The combined results are shown in Table 1 and the daily
results are listed in Appendices A-C.
Table 1: Comparison of Model Mean Results
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The results are consistent with the objectives of the three models. Also, since five
security teams were available for the time period modeled, the p-value for each daily
model run ranged from 3 to 5 as shown in Appendices A-C. For all staging areas, the
mean total distance from security team locations to penetrated missile sites is the
smallest in the p-median model at 28.83 miles, and the mean maximum distance that
any team is located from a penetrated site is minimized by the p-center model to 7.30
miles. The Hybrid model makes an additional contribution by fixing this maximum
distance at 7.30 miles and by adjusting the teams to accomplish a mean total distance
of 33.75 miles. This model nicely balances the objectives of the two models and
reduces the average response time to 5.76 minutes for all teams while ensuring that no
single demand location is too far from a security team. Similar results are seen in the
reduced MAF/LAF only data set. This time, the hybrid model is able to minimize the
maximum security team distance to 12.53 miles using the p-center approach and then
is able to reduce the overall mean response time to 12.71 minutes. Again, a balance
between the two objectives is achieved.
Furthermore, testing using paired t-tests reveals that the mean results in Table 1 are
statistically significant for the 53 days of testing depending on the method used. In the
all staging areas data set, the p-median method (mean = 4.92) is able to achieve a
significantly lower response time in comparison to the p-center method (t = -8.39,
p<.001, df = 52) and the hybrid method (t = -5.87, p<.001, df = 52). Significant mean
differences are also achieved for mean total distance, and the p-median achieves a
significantly lower value in comparison to the p-center (t = -8.26, p<.001, df = 52) and
hybrid method (t = -5.38, p<.001, df = 52). The maximum distance to a serviced site
is significantly higher for the p-median in comparison to the p-center (t = 8.34,
p<.001, df = 52) and the hybrid method is able to achieve a smaller value in
comparison to the p-median (t = -8.35, p<.001, df = 52). However, the only
insignificant difference for the nine possible tests in the all staging areas data set was
for the comparison of the maximum distance for the hybrid and p-center methods (t
= 1.40, p<.165, df = 52). This again highlights the ability of the hybrid method to
achieve lower response times while not compromising the maximum distance to any
one serviced site. Finally, similar results were found for the MAF/LF only data set
where the same eight out of nine paired t-tests for the models were also found to be
statistically significant.

Conclusions
The results of this research clearly indicate the need for a more analytical approach
to positioning security teams to meet missile security requirements. Although the Air
Force goes to great lengths to determine and enforce security requirements, it is clear
that efficiencies can still be realized by properly positioning the limited number of
security teams available. In addition, the differences seen between the use of three
different approaches appears to indicate that there are clear tradeoffs in time and
distance based on which overall objectives are selected by military commanders. This
research gives commanders a choice between three different methods with different
objectives and shows how security times and distances will differ depending on
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objectives. Although this research uses data from F.E. Warren Air Force Base in
Wyoming, it is believed that the techniques used here are also generalizable to similar
missile bases in Montana and North Dakota. This is especially true due to identical
constraints, policies and procedures used at these locations. The missiles at these
locations are also organized similarly and are dispersed over a large geographic area.
Up until now, research to validate these procedures at bases in Montana and North
Dakota has not been undertaken by the Air Force, but is planned for future research.
Additionally, it can be seen that the potential set of staging sites makes a significant
difference in response times. If commanders limit staging areas to only secure MAF/LF
locations, they would do so at the expense of doubling average response times and
distances in the example studied in this research. Finally, continuing research on this
subject is aimed at developing a model which simultaneously schedules maintenance
jobs while positioning security teams in order to maximize the overall availability of a
group of missiles over a defined time period. This effort will not only provide a tool
for commanders in the field, but will also help them study the tradeoff between the
amounts of maintenance which can be accomplished while meeting the hard
constraint of security.
This research has served as a demonstration of how to apply a modeling technique
to an operational security problem to get a better solution rather than relying on
unplanned experience. We are not saying that these are the only or best ways to solve
the problem, rather the p-center and p-median methods are techniques easily
understood and applied using the standard software packages already available to
security personnel in the Air Force. This is also beneficial since the cost to implement
these techniques is minimal, since the software to apply them is already available.
Additionally, the bases have access to Operations Research professionals who have the
skills to maintain the models once implemented, thereby reducing costs.
Finally, we contend that non-military business operations face similar decision
making for limited resources, especially for operational security coverage. For example,
recent research in Dallas by Ma (2006) has used similar methods to position police
officers. Additionally, extensive research for public services such as schools, libraries,
health care, and pharmacies have benefited from adaptations of the p-median, p-center
and other covering models as presented by Marianov and Serra (2002). Also, other
location analysis methods such as the capacitated facility location problem (Canel et al,
2001) were not selected here, but may be desirable in a situation where the total costs
of the final location decision are considered. Additionally, it should also be recognized
that other methods such as hierarchical techniques (Marianov & Serra, 2001) may also
be used to further adapt the p-center and p-median models to the specific problem
attributes for this and other research; and that expanded formulations of these location
models are also described in the literature (Dekle et al, 2005). Future research should
also consider the use of heuristic solution techniques such as Heuristic Concentration
(Rosing & Revelle, 1997) which has a two-phase approach similar to the Hybrid
method, or artificial intelligence techniques such as Genetic Algorithms (Bozkaya,
Zhang & Erkhut, 2002) or Tabu Search (Ohemuller, 1997) which have been found to
be effective for location analysis problems.
Overall, it is believed that problems faced by military organizations in this paper
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are quite similar to resource allocation and location coverage problems faced in civilian
industries and services. We believe the lessons and methods used in this paper apply
not only to the military to protect the nation’s nuclear arsenal, but apply equally to
managers who face the task of protecting valuable or sensitive assets with similarly
constrained security personnel and budgets.
The views expressed in this article are those of the authors and do not reflect the official policy or
position of the Air Force, Deparment of Defense or the U.S. government.
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In this article, we present findings on strategic thinking and decision making
that result from a series of interviews with executives from six firms in the
forest products industry. Drawing from these interviews, the executives
suggest that much of their firms’ financial success or lack thereof is derived
from their form of strategic planning. Firms which are the most financially
successful use a dynamic strategic planning process that combines key
elements from both formalized and ad-hoc strategic planning through the
addition of strategic flex-points. Poorly-performing firms often adopt a
reactive approach to opportunities or threats compared to their more
successful competitors and are unable or unwilling to change.

The competitive landscape for many industries has dramatically changed, forcing
managers to reconsider not only the content of their strategic plans, but also the
processes they use to develop and implement those plans. The five hundred billion
dollar global forest products industry is a good example of this change. This once highly
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fragmented and relatively stable industry which employs approximately 10 million
people worldwide has undergone a competitive transformation (Hansen, Dibrell, &
Down, 2006; Sande, 2002). The forest products industry is now characterized as being
highly competitive with enormous market pressures generated by the mounting
number of global forest product competitors through the opening of US and other
world markets; the consolidating efforts of the industry by the largest forest products
firms; the increasing downstream market presence of retail category killers; and the
emerging substitute products of concrete, plastic, and steel. In essence, this once very
stable industry has dramatically changed with increased competitive pressure.
Many managers did not see this approaching competitive storm on the horizon,
because many of these managers relied on a reactive planning process with a limited
emphasis on long term strategic vision. These managers focused on the day-to-day
operations of producing a commodity-like product at the lowest cost for consumption
in the general marketplace (Sande, 2002). Managers from these firms have been
forced by marketplace necessity to reevaluate their industry positions and broaden
their strategic planning perspectives.
From a strategic planning perspective, there are two fundamentally opposing
strategic planning process views: the “deliberate” view (Ansoff, 1991) and the
“emergent” view (Mintzberg, 1990, 1991, 1994a, 1994b). A deliberate strategy is a
strategy that was intended (planned) and subsequently realized. An emergent strategy
is a strategy that was realized but never intended (either because no strategies were
planned or those that were planned were not implemented). The deliberate approach
to strategic planning might be described as top-down, rigid, mechanistic, and
efficient in contrast to a description of an emergent process that is informal, flexible
and empowering.
The emergent planning style is based on a more organic, reactive, learn-as-you-go
approach with broad strategic objectives and means of accomplishing those objectives
(Mintzberg & McHugh, 1985). The emergent strategy is criticized for being too
reactive to external threats and opportunities (Hendry, 2000). It is important to
acknowledge that the realized strategies of most companies will be some combination
of emergent and deliberate. Even as Mintzberg advocates a shift away from deliberate
toward emergent strategies, he concedes that “in practice, of course, all strategy
making walks on two feet, one deliberate, the other emergent” (Mintzberg & McHugh,
1985: 163).
There is a paucity of research exploring the optimal combination and support
systems associated with deliberate and emergent strategic planning approaches, and
how this optimal strategic planning approach translates into greater firm financial
performance. Hence, the purpose of our article is two-fold. The first is the recognition
that the balance of realized strategies across firms will vary with some managers
drawing more on intended strategies while others rely to a greater extent on emergent
strategies – and that this balance is affected by the strategic planning policies of the
firm, which leads us to ask: What is an optimal combination of strategic planning
processes, and to what degree can an optimal planning process be generalized to
individual firms? Followed by a practical question: To what extent do firm policies
impact the ability of these firms to build strategic planning capabilities?
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The second central point which we address in this article is the assertion that there
is a knowledge gap defining the practical issue of how to organize a firm’s strategic
planning process in a systematic way to create an appropriately balanced approach to
strategic planning that yields the flexibility of an emergent process with the discipline
of a deliberate process. This second question is of critical importance to managers who
often find themselves rigidly following a structured planning process that is
disconnected from the day-to-day running of the business; or managing the operations
of the business without any overarching vision that provides the context for laying out
a clear course of development that offers tangible direction for all members of the
organization to strive toward.
Our paper extends the strategic planning literature through a series of in-depth
interviews with executives where we observe that more financially successful firms
integrated supporting strategic planning capabilities into their planning processes. In
effect, these managers constructed a hybrid model from the deliberate and emergent
strategic planning models. The managers realized that they needed to craft
appropriate strategic planning routines, strategic process-content alignments, strategic
flexibility capabilities, and a supportive strategic culture to compete successfully. In
what follows, we share the details of our interviews and endeavor to frame the
discoveries made into a model useful for facilitating the design of strategic planning
processes in firms across a range of industries.

Methodology
Due to the exploratory nature of our research questions, we conducted structured
interviews with executives in the forest products industry. A high level manager was
interviewed at each of the six firms and in one instance three executives were
interviewed from the same firm in order to ensure greater reliability. Therefore a total
of eight interviews were conducted at six firms. In order to preserve the confidentiality
of the participants, we have not directly named them or the firms they manage. The
six forest products firms for this sample were chosen based on recommendations by
industry experts external to this research project. The experts were asked to develop a
sample of firms with significant variations in financial performance, as we wanted to
explore the strategic planning processes of firms at different levels of financial success.
Each interviewee selected was defined as a member of the top management team who
is highly involved in firm operations and has a good understanding of the strategic
planning process of the firm.
All firms have operations in states located in the Pacific Northwest; all interviews
were conducted on site. The annual total revenue for the sampled group was
approximately fifty-five billion dollars. The largest firm had approximately twentyfive billion dollars in revenue with the smallest firm having 250 million dollars in
revenue. The sample represents a balance of large (four billion dollars and above in
revenue) and medium-size (250 million dollars and above in revenue) firms to control
for possible effects of firm size in the strategic planning process. Drawing from our
observations, firm size did not play a role in the strategic planning process. There were
large and medium-sized firms in both the rigid and dynamic groups described below
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with more than one firm. Similarly, our sample consisted of both publicly and
privately held firms, and we found the form of equity did not predict group
membership. There were three publicly held companies in our sample, and three
privately held companies.
The investigation initially consisted of a literature review which identified the
characteristics of the deliberate and emergent strategic planning methods, as described
by Ansoff (1991) and Mintzberg (1990, 1991, 1994a, 1994b). From this review a series
of questions were developed regarding the business, and strategic planning process, the
flexibility of the strategic planning process, and the firm’s generic business strategy and
performance. These questions were used to guide the semi-structured interview. We
have included an Appendix listing the questions employed.
The study sought to understand each case in its own terms. By subsequently using
cross-case analysis (Glaser & Strauss, 1967), a more comprehensive understanding of
the structural conditions which determine particular outcomes was achieved. The
interviews, which lasted between 60 and 120 minutes, were tape recorded and
transcribed. Transcriptions were between six and twelve pages long.
First, we analyzed the associated field research notes and transcripts looking for
any general patterns in performance and strategic planning processes across the firms.
Informed by the extant literature and the content analysis, three general categories of
strategic planning attributes were identified. The first category described firms with
management teams that have successfully implemented a strategic planning process
that they believed to have greatly contributed to superior financial performance. These
firms developed a process that drives them to formulate intended strategic plans yet
has the capacity built into the system that allows the flexibility to change in response
to opportunities or threats in the competitive environment. This group was identified
as being in a Dynamic state.
The second category consisted of firms in the midst of adopting new strategic
planning processes, but management was uncertain about the final form of the
strategic planning process – and its ultimate effectiveness. The top management teams
realized that they needed to design and implement a new strategic planning process to
become more competitive, in one case, the firm had been performing poorly. In the
other, a new management team was taking over. In effect, this group is in the process
of changing the way it made strategic decisions, searching for and developing a
planning system that would work effectively for them. Group two was classified as
being in a state of transition and is labeled as Exploration.
Group three, the Rigid group, is comprised of firms that have embraced an
inwardly-focused strategic process over an extended period of time that has resulted
in a rigid planning process. Some studies have shown firms can be successful with a
high degree of internal focus, but even these studies suggest that “paradoxically, a
continual and intimate connection with the market environment is vital…” (Miller,
Eisenstat & Foote, 2002, p. 40). These firms may have missed potential opportunities
due to their inability to deviate from their strategic plan. However, they felt that the
value of a consistent strategic direction was of greater importance than the uncertainty
that may come with a more flexible planning process.
Following the general identification of the three categories from the interviews,
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transcripts from the interviews were then content analyzed through a text search query
utilizing the NVivo program and followed techniques developed by Miles and
Huberman (1994) and Yin (1989). Content analysis of the transcripts by one judge
resulted in 20 nodes or factors being of consistent relevance to strategic planning, such
as the phrase “strategic planning.” The number of times that informants referred to
each node was recorded. Each comment that was coded to a node was later analyzed
for reliability by two additional judges familiar with the research. The two judges
analyzed 93 comments derived from the NVivo analysis from the six companies over
two different rounds. For the first round of analysis, the two judges agreed on the
classification of eighty-one comments as being Dynamic, Exploration, or Rigid for an
interrater agreement of 87 percent. Before the second round of classification, the two
judges then discussed their points of disagreement concerning the misclassified twelve
comments. Following this meeting, the judges conducted the analysis and agreed
upon the classification of ninety-one of the ninety-three comments for a final
interrater agreement of 97 percent, as shown in Table 1.
Table 1: Frequency Count Table for the Different Paradigms

Interestingly, many firms did register planning attributes from the different
groups based upon our content analysis. However, the firms who scored the greatest
number of attributes characterizing the Dynamic group (n = 3) did have the highest
financial performance, followed by the Exploration (n = 1) group and lastly by the
Rigid (n = 2) group.

Discussion of Strategic Planning Insights
The planning processes of the firms in these three categories revealed interesting
differences in their approach to strategic management. In order to more clearly
understand the differences across the three categories, we developed four strategy
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process dimensions from the strategic planning literature (e.g., Barringer & Bluedorn,
1999; Brews & Hunt 1999; Johnson, 1992; Samra-Fredericks, 2003) and through
analysis of the executive interviews. The four dimensions identified are: routinization
of process, strategy process-content alignment, managing flexibility, and strategy
norms. Each of these dimensions is discussed below and should be viewed as a variable
or lever that management can control in the design of a strategic planning process.
Routinization of Strategy Process
An important function of management is organizing the work of the firm into
routines that efficiently and effectively accomplish the work required to achieve
objectives. Routines are learned over time by the people doing the work. A part of the
knowledge developed about the routines is explicit (comes from clearly stated
procedures), while another part of it is tacit (learned by doing). The value of routines
is that they allow people to work in an efficient manner without expending time and
energy considering the details of what is being done. While routines allow for tasks to
be done quickly and efficiently, they can also lead to rigidity problems in
organizations. Once a collective mind has coalesced around a set of interdependent
individual practices, it may be progressively more difficult to alter those routines.
Routinization often limits variation, which in many contexts is a highly desirable
attribute, as in Weick and Roberts’ example of the team that operates the flight deck
of an aircraft carrier (1993). In this example, Weick and Roberts describe how the
formation of cognitive schemas linked to a collective mind can lead to heedful
interrelating that reduces the probability of deadly errors. However, once this happens,
the group may be less open to new routines that upset its equilibrium. This problem
might become more serious if the group, team, or organization is confronted with
environmental change. The core skills of an organization – the very things that made
the organization successful in the first place – can also lead to cognitive rigidity and
an inability to adapt with sufficient responsiveness to a changing environment
(Argyris, 1999; Berman, Down & Hill, 2002).
From our interviews, we learned that firms across groups with established strategic
planning processes have developed routines for conducting their planning. However,
the firms in the Dynamic group clearly recognize the potential for becoming trapped
by the routines of their planning processes that could result in a diminished ability to
recognize and respond to changes in the competitive environment. Managers of these
firms maintain a strong external market orientation and when asked about concerns
with their planning process replied that they are wary about the process becoming too
rigid, such as illustrated in the following quote from DL “I go down to California and
I talk to my distributor/customer and try to understand from his perspective what does
lumber mean to customers when it goes to a retailer, probably not a retailer that only
sells one product but talk to a wide range of customers. Try to understand from their
point of view what does lumber do for them.”
While the Rigid firms also have well established routines for their planning
processes, they lacked the strong external links to the market and were less concerned
about rigidities in their planning systems. A good example is JD, who indicated “I
looked through the history as well as the present financial circumstances. I essentially
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told everyone that it was going to hit the wall in about six months and the question
was would they be rational or irrational when it hit the wall. Basically the reason I’m
here is that people said we’re going to act rationally. We understand we have a
problem. We understand we have to deal with it. And we want to try to fix it.” This
firm had a lower capability to see changes in their competitive environment and to
adapt plans to address these changes.
For the Exploration group, these firms were in the process of establishing planning
process routines. As they developed these plans, it was important to avoid developing
overly bureaucratic routines as they attempted to make clear the distinctions between
what was done in the past and the organization of the new strategic planning process.
However, this group often had trouble in getting caught in the minutiae of internal focus,
such as explained by SB, “The grade distributions, the thin logs, the overtime. All those
things, all those indicators that are really important to whether there’s a negative spread
or a real high positive spread.” This group struggled with adapting the routinization of
the strategy process from an internal focus to include an external perspective.
Alignment of Strategy Process and Content
We assert that the balance of realized strategies across firms will vary with some
firms drawing more on intended strategies while other firms will rely to a greater extent
on emergent strategies. Hence, what is an appropriate strategic planning balance that
enables a firm to maximize financial success? We believe this is a subtle, yet critical
question for management to consider and argue that the answer to this question
depends, in part, on the content of the competitive strategy which the firm is pursuing.
The way to resolve the question of balance between using intended versus
emergent strategies is to take a contingency theory approach—rather than simply
looking for a universal best answer. Contingency theory argues that the effectiveness
of the organization is contingent upon the relationship or fit between important
organization variables. In this case, the specific design of a firm’s strategic planning
process is contingent on how the firm chooses to position its products in the market.
Different designs of strategic planning systems will result in different managerial
expertise in dealing with changes in a firm’s competitive landscape, and in the ability
to maintain a specific competitive strategy, or purposeful direction for the firm. For
instance, a firm with a dominant low cost producer strategy would likely allocate more
of its resources to cost-critical areas such as manufacturing technologies to increase
production efficiencies and continually lower its per unit costs. A low cost producer
may also want to maintain greater consistency and persistency in what it is doing
strategically because of the nature of how a firm with a low cost strategy meets its
customers’ needs. Conversely, a firm with a competitive strategy to differentiate its
products from others will not compete wholly on price, but will compete by providing
distinct and unique value to the customer through customer service, quality, and
product innovations. A differentiator firm will be better served by being more adept
at understanding and realizing customer demand trends than a low cost producer
(Davis, Dibrell & Janz, 2002; Helms, Dibrell & Wright, 1997).
Firms with greater flexibility and less specific strategic planning objectives and
implementation plans will have greater capabilities to recognize and respond to
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changes in customer needs. An example of a dynamic approach stated by SB was
“We’d like you to support this because back to the manufacturing division this is going
to give you the best payback. And they all recognize that what’s good for the
manufacturing division is good for them as well even though they may not get all of
what they planned. Overall they’ll like the payback that could otherwise be less
someplace else. And that doesn’t mean we strip them of return on investment in a time
frame standpoint. We may look at it and say this one is eight months and this is
fourteen months but this one really truly makes more sense because of efficiencies of
the plan and how this is potentially increasing some other aspect of the business. So
we put a lot of effort into the planning process and capital improvements.” Conversely,
JD, a manager from a rigid firm believed “that too often the plan gets done because of
. . . the functional nature of this business. And it gets set on the shelf. And it’s still in
some corporate organization someplace. Now I’m distinguishing between the strategic
plan and the annual budget for financial performance of people’s bonuses. They’re not
necessarily the same thing.”
While we found that successful firms do have a strong external orientation and
built-in flexibility in their strategic decision making, it is not necessary for all
managers to rely heavily on emergent strategies at the expense of seeing intended
strategies realized. It is entirely appropriate for firms with a low cost product market
strategy to stick with their intended strategies and to develop detailed and specific
implementation plans. However, this form of strategic planning system would likely
be incongruent with a business strategy to offer differentiated products and services at
price premiums (i.e., in this case the strategy process and strategy content are out of
alignment).
Managing Strategic Flexibility
Planning flexibility aids managers that must adapt strategic plans quickly and
effectively to opportunities and threats that exist in the firm’s competitive environment
as well as to changes in internal resources and capabilities. The planning flexibility
process is essentially the speed at which managers can adapt their strategic plan to
changes in their competitive environment (Burns & Stalker, 1961). A formalized or
long-range planning process sometimes creates a degree of inflexibility in adapting to
changes in the competitive environment, as managers become enamored with their
strategic plans (Boulton, Lindsay, Franklin, & Rue, 1982). Hence, a long-range
planning process may act as a constraint on a firm to adjust the content of its strategy
to changes in the competitive environment.
Patterns emerging from our managerial interviews indicate that firms able to adapt
to opportunities or threats in their competitive environment quickly and effectively are
more successful than those that are not able to do so. This insight is certainly not
new—however, it is important to recognize that while this notion of strategic
flexibility may be widely affirmed in the abstract, it must be explicitly addressed in the
design of a strategic management system in order for flexibility to become a concrete
reality. Firms in the Dynamic group had incorporated “strategic flex points” in their
strategic planning process to allow for changes to their plans. Strategic flex points are
comparable to planned emergence as espoused by Grant (2003). Grant described the
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ability of firms to create a structured planning process while concurrently building
decentralized decision making in the strategic process. This approach integrates
attributes of the design school (formalized planning; Ansoff, 1991) and the process
school (ad-hoc, flexibility; Mintzberg, 1994b) to create effective planning capabilities
in turbulent environments. Strategic flex points build on the planned emergence
perspective, as managers incorporate different mechanisms in their strategic planning
processes, routines, or norms (e.g., the empowerment of lower level managers to call
top management team members to discuss quickly evolving opportunities or threats)
to adapt or change the formalized strategic plan to more adequately reflect the needs
required to compete in the external marketplace. There were purposeful, formalized
procedures set in place to enable managers to act quickly to external triggers if they
felt an immediate response was warranted. For instance, a dynamic firm represented
by SB suggested that “our planning process is flexible in its structure.”
The Exploration and Rigid firms articulated that they could deviate from the plan,
but this would be conducted in an ad hoc fashion. For instance, SS from an
exploratory firm indicated, “We’ll do it on the fly. We won’t hold off until one certain
point in time every year. Our business is becoming so dynamic; it’s not like high tech,
but relative to where we used to be with products we’re becoming so dynamic we can’t
wait for however many months. We’ve got to react now and modify the plan now.
Because things are changing so fast for us. When your raw material cycle is running
seventy to one hundred years, you know it’s really hard to be making too many wild
changes on product side. Services are a little different but on the products side you’re
pretty limited, at least we are.” A member of the Rigid group lamented that the process
of considering actions and responses to external opportunities and threats was
incessantly slow due to the cumbersome nature of the organization. Another member
of the Rigid group expressed that responses to opportunities and threats were reactive
in nature, as they waited to see how other forest product firms would react before
making their own decision on how to proceed.
Strategy Norms
Organizational culture is the set of values and norms shared by the members of the
organization and influences how those members think, act, and interact with each
other. Culture prescribes appropriate behavior and functions as a type of control over
how the organization operates. By deliberately cultivating particular norms and values,
executives can influence the behavior of their employees (Smircich, 1983).
Our study revealed executives from Dynamic firms described action-oriented
norms, where good execution was at least as important as good strategic decision
making. One executive rebuked us when asked about strategic planning retreats
because his firm does not retreat; rather they have strategic planning advances. From
another interview, when asked whether a threat or an opportunity would be more
likely to initiate an autonomous strategic action, the manager replied: “Threat creates
opportunity. We don’t look at it as a negative. We look at the word threat as an
opportunity to do something different. So we’re always looking on the positive
side…We try to spin it in our own minds if you will and try to say here’s an
opportunity that’s going to force us to get better.” SB
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These comments contrasted with what we heard from managers at the Rigid firms.
JD articulated that “[some] organizations will respond to an opportunity. But often
times by nature it’s responding to threats more than opportunities. I guess the reason
I would say that is it’s almost easier in an organization to respond to a threat because
you can get easy support. If there’s an opportunity you have to sell it. That’s a tougher
job. And there’s more inherent risk in selling an opportunity than there is responding
to a threat. And so if one looks within the organization and says how am I going to
be measured? Often times if an opportunity doesn’t pan out it can seriously impact
your career but hey I was just responding to a threat. Those guys didn’t know what
they were doing but we had to do that.”
Here the norms seemed to be more cautious, conservative and risk averse, where it
was more important not to make a mistake than to create something new. In these
cases, our discussion on threats and opportunities revealed a greater emphasis on
concern for the damage an unseen threat might cause than on the lost value of an
unexplored opportunity.
Members of the Exploration group had more inclusive norms. As illustrated by SS
during a discussion of the new planning process, “the greatest strength is that it’s
broad, lots of participation within the company. It’s new, it’s good. From that
standpoint, there’s a lot of stimulating thought going on that stimulates excitement
that stimulates energy to be involved in part of it. The risk is that maybe there are too
many people involved. We have people involved in the process that don’t necessarily
have the knowledge. That could be a risk, but also it could be a real strength from the
standpoint of we don’t have people that are doing the same thing the same way for
twenty-five years.” The exploration firm attempted to bring widespread involvement
into the new strategic planning process. These managers proposed that a more
participatory approach in the strategic planning process would provide a more robust
and responsive strategic plan.
A summary of the four strategic dimensions is provided in Table 2.
A Dynamic and Purposeful Strategic Planning Process
Firms with the most effective planning processes were able to simultaneously
create a clear direction for the organization and yet still be aligned to their external
environment to detect when changes in strategy were needed. Furthermore, these
firms also have flexibility built into their systems to make strategic changes by using
strategic flex points. These processes are both purposeful in providing a clear unified
direction for the organization and also dynamic in allowing for changes to occur when
the strategy should be adapted to a changing environment. While the emergent
planning process view offers the intuitive appeal of flexibility resulting from a lack of
formalized strategy, the reality is that appropriate change in strategy rarely occurs
without a formal means to question the need for, and implementation of, change.
Figure 1 is a representation of what we have seen at the Dynamic organizations we
studied. The large outer circle represents the annual strategic planning process. This
process typically includes an evaluation of the current strategy, development and
evaluation of new strategy options, selection of the intended strategy, and development
of implementation and communication plans. While the actual processes and outcomes
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Table 2: Summary of Process Attributes

vary widely across the firms, in all cases, the critical units throughout each organization
developed and provided input into the planning process on a prescribed schedule. In
order to preclude inertia from negatively impacting the process, successful firms tightly
linked their process to the external competitive environment, gathering information
from customers, competitors, suppliers, and benchmarking performance goals against
industry leaders as well as against other high-performing firms from outside the industry.
Figure 1: Dynamic and Purposeful Stategic Planning Process Model

32

Journal of Business and Management – Vol. 13, No. 1, 2007

However, as noted above, all strategic decisions are not made in the formal strategic
planning process. Some strategic decisions are made outside the context of the
strategic plan development meetings and occur during the execution of the strategy.
These autonomous strategic decisions may directly conflict with the intended strategic
plan that is an outcome of the formal strategic planning process, or they may call for
the allocation of resources in ways simply not considered in the plan. For example, an
executive described a case where the objectives and tactics of an intended strategy
produced during the annual formal strategic planning retreat included entering a new
product category. During the execution of this strategy, it was determined that the firm
would not be successful in this product market and the initiative was cancelled.
On a regular, often quarterly, basis the progress toward strategic goals is evaluated.
It is during these reviews that management is challenged to evaluate the strategy and
question if changes should be made. The trigger for taking a new action must be a
careful balance between staying the course and maintaining constancy of direction on
the one hand, with making appropriate changes to stay aligned with changing
environmental conditions on the other. Firms that set the trigger too low often become
directionless, chasing after opportunities only to discover a mirage or responding to
hollow threats. On the contrary, firms that set the trigger too high will become too
internally oriented, will fail to appropriately respond to new threats and opportunities,
and will eventually dampen the creative energy within the organization. Effective
strategic planning processes manage the relationship between these two activities—the
formal planning process and autonomous actions – in such a way as to provide
unambiguous direction for all members of the organization to follow, and yet still
allow adequate flexibility.
Our findings are based on six forest product firms that reside in a large, mature,
global industry. These findings may not be generalized to other firms such as small
start-up firms until further research is conducted, or to firms residing in industries that
do not share similar characteristics to the forest products industry. Hence, it is
necessary for managers to consider what the most appropriate strategic planning
processes are for their firm given their competitive environment and positioning in
that competitive environment.
In his seminal work titled The Rise and Fall of Strategic Planning, Henry Mintzberg
(1994b) articulated his belief that deliberate strategic planning was in a state of
decline. He did so with good cause, as many firms cut back on formalized strategic
planning as they recognized the creeping ossification of their organizations brought on
by highly routinized, staff-driven processes. However, the response of a move away
from planning processes with specific objectives and implementation plans toward an
incremental process with few broad goals, and the means of achieving the
organization’s goals left to emerge in a haphazard manner over time has been
demonstrated to be just as ineffective. The model we have presented depicts a hybrid
form of strategic planning. Managers from the most financially successful firms do
practice deliberate planning, but in the form of vibrant processes that are tightly linked
to their external environment, with strategic flex points built in, and that are
appropriately aligned with its strategy content. These firms also have a norm that
provides a context of forward thinking and viewing threats as opportunities. These
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processes are not only deliberate—but also dynamic.
In contrast, we learned that less effective deliberate planning processes had become
ends in themselves, as people were following routines they were taking for granted.
These firms often had strategic goals that had become disconnected with strategic
plans and a strong internal orientation to how they viewed their business. Without
planned strategic flex points, these firms would most often take autonomous actions
only as a reaction to an impending crisis. Finally, when a deliberate planning process
becomes overly constraining and rigid, the result is a hardened, inflexible strategy
culture, where a “can’t do” attitude permeates the organization, and a primary
objective is to not make mistakes.
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Appendix
Summary of Structured Interview Questions
Part A: Questions about your business and strategic planning process.
1.
2.
3.
4.
5.

Please begin by describing your business.
Please describe your past and present strategic planning process.
How often is your standard planning process executed?
How long does the standard planning process typically take?
How dynamic or stable do you perceive your industry to be and what type of
activities are done to monitor your competitive environment?
6. Who makes strategic decisions?
7. What is the output of the planning process (assess the specificity of the ends and
the means of the intended strategy)?
8. How are strategic decisions communicated to the company?
Part B: Questions about the flexibility of your strategic planning process.
1. To what extent are strategic decisions made outside the standard strategic
planning process resulting in an actual strategy that is different from the
intended strategy.
2. In general, how flexible do you think your business’s strategic planning process
could be in response to changes in the external or internal environment?
3. Would you be more likely to diverge from your intended strategy in response to
an event if you perceived the event as an opportunity or as a threat?
4. On average, how long does it take to respond to one of these events or triggers?
5. How important is it to reconcile the intended strategic plan with any changes
that are made during implementation?
6. Of the five descriptions of a strategic planning process, which best describes your
strategic planning process?
7. What are the greatest strengths and the greatest weaknesses of your strategic
planning process?
Part C: Questions about Generic Business Strategy
Please describe the fundamental basis of how your business competes in
product markets.
Part D: Questions about company performance
1. How successful has your company been and is it today?
2. How does the performance of your company compare to that of your
competitors? In terms of growth, profitability, return to investors, and
other measures?
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Solving the Repeated Partition
Scheduling Problem Using
Metaheuristics
Zvi Goldstein
Zvi Drezner
California State University Fullerton

In this paper we solve the repeated partition scheduling problem by the three
metaheuristics: simulated annealing, tabu search, and genetic algorithms.
The procedures are described and particular parameters for each of the
procedures are established. Computational experiments on twenty-two test
problems show that the best procedure is the tabu search.

The repeated partition scheduling (RPS) problem was presented in Drezner (1998).
The problem is based on a group of objects (persons) who repeat scheduled meetings
in smaller groups for several days. A group of nk objects is to be divided into k groups
of n members each. Different partitions are scheduled for different days and the
complete schedule spans over d days. Our objective is that each pair of objects meets
about the same number of times.
Applications for tournament scheduling, personnel assignment, production
scheduling, advertising, experimental design, and others are described in Drezner
(1998). The problem was motivated by a golf tournament organizer. Twelve players are
participating in a tournament for seven days. They are divided into three groups of
four players each. The grouping usually changes from one day to another. It is
important that each player meets every other player (i.e. be with him/her in the same
group) at least once. Also, it is desirable that each pair meets about the same number
of times. For this particular problem there are sixty-six pairs and 126 pair-wise
meetings throughout the seven days. The best possible solution is having sixty pairs
meet twice and six pairs meet once. However, such a solution has not been found yet.
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After a long manual effort for some years, the organizer found a solution with 12
pairs meeting three times, thirty-six pairs meeting twice, and eighteen pairs meeting
once. By randomly generating computerized solutions and applying crude
improvement procedures a solution with nine pairs meeting three times was found.
The best known solution (see Drezner (1998) and the example described below)
involves only three pairs meeting three times, fifty-four pairs meeting twice, and nine
pairs meeting once, quite an improvement compared to the original schedule.
An example of a solution is given in the following table. Note that this is actually
the best known solution. It was implemented by the organizer for the golf problem
where twelve players are playing a tournament over a seven-day period with three
groups playing each day.
Table 1: Solution to the Problem

The table demonstrates the characteristics of the problem. Every day all twelve
players are assigned to groups with no repetition. If we check all sixty-six pairs we find
only three pairs that meet three times. Players 3 and 10 meet on days 3, 4, and 6;
players 5 and 12 meet on days 3, 5, and 7; and players 7 and 8 meet on days 1, 2, and
3. All other sixty-three pairs meet either once or twice. Nine pairs meet once and fiftyfour pairs meet twice. The nine pairs meeting only once are listed in Table 2 below.
Table 2: Pairs Who Meet Only Once

An identical formulation can be applied to workers in a very stressful environment.
The task requires dividing the workers into k groups of n workers to perform d sets of
k activities each. If two workers are assigned to the same team too many times, they
may experience negative outcomes, for example, they may “get on each other's
nerves.” The objective is therefore to arrange a schedule such that every pair meets
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about the same number of times. When twelve workers need to be divided into three
groups of four workers in each group for seven activities, then the solution in Table 1
can be used for such a scheduling problem.
Another application is planning a schedule for nk machines (or workers or types of
resource) that requires dk tasks to be completed in one day. Each task requires n
machines, so k tasks can be performed simultaneously and d periods are required for
the completion of the whole project. The schedule is planned ahead of time so no
changes are possible during the day. If one machine is out of order for a task (or a
worker does not show up or a resource is unavailable), the task can be completed but
some extra cost is incurred. However, if two machines are out of order for the same
task, the task cannot be completed, which adds a significant cost to the operation. We
would therefore wish to design a schedule such that the number of times that each pair
of machines is assigned to the same task is about the same. If a certain pair of machines
is assigned to the same task many times, then the operation will suffer if this particular
pair of machines happens to be out of order. Again, when twelve machines need to be
assigned to three parallel tasks (four machines per task) for seven periods, the solution
in Table 1 can be used for the best schedule.
Consider testing nk drugs for possible harmful interactions between pairs of drugs.
In order to check all combinations, one needs to perform nk(nk-1)/2 experiments by
testing all possible pairs of drugs. However, this might take too long and be too
expensive. Assume that k labs are available for such experiments, n different drugs can
be administered simultaneously in each experiment, and the labs can be booked for d
experiments each. A testing scheme needs to be designed such that in each of the d
days the nk drugs are divided among the k labs, n drugs to each. It is necessary that
each pair of drugs is tested at least once. Furthermore, it is desirable that every pair of
drugs is in the same group about the same number of times.
Yet another application is the scheduling of commercials for broadcasting. Assume
that nk commercials are available for broadcasting; only n slots are available in a
particular program; and you wish to test these commercials and find the best
combination of n commercials. The effectiveness of each individual commercial
depends on the other commercials selected for showing. Some pairs of commercials
work well together, while some pairs do not. Information about the interactions
between various commercials is not available. The resources to check all possible
selections are not available. Thus, dk groups of people are available for testing
combinations of n commercials, and there are k rooms available for simultaneous
showing. We would like to select d partitions of the nk commercials into k groups of
n commercials each. Our objective is to have each pair of commercials represented in
these groups about the same number of times so that the groups will evenly cover the
spectrum of possible pairings.
The RPS problem is closely related to the well known Oberwolfach problem (Hell,
Kotzig & Rosa, 1975; Alspach, 1996; Liu & Lick, 2003) named after the resort
research center in Oberwolfach, Germany. Participants are invited to a week-long
conference and dine at tables which accommodate the same number of persons. The
seating is pre-arranged and the objective is to have every pair of participants seated at
the same table about the same number of times. In the Oberwolfach problem pairs are
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considered matched when they sit next to each other and not all pairs at the same table
are matched, i.e., the seating order around the table matters. A typical Oberwolfach
problem is a conference of twenty-five participants who meet for six days (twelve
meals thus d=12) and are to be seated at five tables, with five persons at a table. A
solution does exist such that every pair of participants meets exactly twice (see Table
8 below).
Note that once the number of groups (k), the number of members in each group
(n) and the number of days (d) are known, the problem is fully defined and no
additional information is required. Therefore, once a solution for a particular set of
values for n, k, and d is found, it can be used for all the applications with these
particular values.
In Drezner (1998), descent algorithms were proposed for the solution of this
problem. In a descent-type algorithm some perturbations of the solution are checked
and if an improved solution is discovered, the current solution is changed to the
improved one. The algorithm proceeds until no such improvement is found.
Optimization techniques for such problems received a significant boost with the
discovery of metaheuristics. There are three main metaheuristics: tabu searches
(Glover, 1986; Glover & Laguna, 1997), simulated annealing (Kirkpatrick, Gelat, &
Vecchi, 1983), and genetic algorithms (Holland, 1975; Drezner & Drezner, 2005).
These techniques generally require more computer time but produce much better
results than “old fashioned" descent algorithms. The increased computational
requirements are not prohibitive in this era of fast computers and results are usually
obtained in a reasonable computer run time.
In this paper we show how to apply these metaheuristics to the RPS problem.
These metaheuristics are widely used and produced excellent algorithms for numerous
optimization problems. For a review see Salhi (1998), and Pardalos and Resende
(2002). In this paper we compare these three metaheuristics and the descent algorithm
for the solution of the RPS problem. Computational comparisons are reported for a set
of RPS problems.

Problem Definition
Notation
n is the number of objects in each group,
k is the number of groups,
d is the number of days.
P is a partition of nk objects to k groups over d days,
mrs(P) is the number of times pair (r, s) meets in a partition P,
F(P) is the objective function for partition P.F(P) = ∑ m2rs(P)
r,s

For example, for the golf problem n=4, k=3, d=7. The solution given in Table 1
consists of three pairs meeting three times, fifty-four pairs meeting twice, and nine
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pairs meeting once, which leads to the objective function F(P) = 3 x 32 + 54 x 22 + 9
x 12 = 252. In Drezner (1998) it was shown that this objective function is equivalent
to minimizing the variance among pairs’ meetings and thus leading to solutions with
every pair meeting about the same number of times.
The following theorem (proven in Drezner, 1998) relates a problem (which we
term the single problem) to another problem (which we term the multiple problem)
with the same n and k but with the number of days being an integer multiple of the
single problem.
Theorem 1: Consider two problems with the same n and k. The first (single)
problem is based on d days while the second (multiple) problem is based on Ld days
for an integer L. The optimal value of the objective function for the multiple problem
is at least as good as that of the single problem multiplied by L2.
d(n–1)
______

The average number of meetings between pairs is nk–1 . If this number is integer,
we term the problem a perfect problem because it may be possible to get a solution
where all pairs meet exactly the same number of times, in which case it must be
optimal. The following corollary is obvious.
Corollary: For perfect problems, if the single problem has a “perfect” solution
where all pairs meet the same number of times, then in the optimal solution to the
multiple problem all pairs meet the same number of times.

General Description of the Metaheuristics
Suppose we have a particular schedule as our current solution. We would like to
find whether there is a better schedule. Checking all other possible schedules to find
a better one is prohibitive because there are too many combinations. Therefore, we
select a limited set of other schedules and find whether a better solution exists among
them. In other words, we check only perturbations of the current schedule. A
perturbation of the current schedule is defined as switching two objects between two
groups on the same day. The set of all perturbed schedules is called the neighborhood
of the current schedule. One may consider other neighborhoods as well. However, we
recommend this definition of a neighborhood because it has been efficient in our
experiments. We also define a move as changing the current schedule to another one
in the neighborhood.
The descent algorithm and the metaheuristics can be described by the concepts of
perturbations and neighborhoods. We first describe the methods in general, and then
describe the technical details of each approach as it was applied to the RPS problem.
The Descent Algorithm
A starting schedule is randomly generated and is defined as the current schedule.
Each iteration, the objective function values of all schedules in the neighborhood of the
current schedule, is evaluated in a random order and the first encountered improved
schedule is selected as the next current schedule. One may apply a variant of this
approach by evaluating all the schedules in the neighborhood and selecting the best
one. The algorithm terminates when no improved schedule exists in the neighborhood.
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Tabu Search
Tabu search was first suggested by Glover (1986). In its simplest form, the tabu
search starts as a descent algorithm. When no improving schedule is found in the
neighborhood, the best non-improving schedule is selected for the next current
solution with one restriction: a move which reverses a recent move is not allowed. This
is essential to prevent cycling. Other rules that prevent cycling can be used to
construct the tabu list of restricted moves. A restricted move stays in the tabu list for
a pre-specified number of iterations called the tabu tenure. The process is continued
until some stopping criterion is met.
In order to understand the motivation for tabu search, imagine a search on a plane
with many craters. One of these craters is the deepest one, and that one is the desired
solution (the global optimum). The descent algorithm performs only downward
moves and may land at a shallow crater (a local optimum) and not at the global one.
Tabu search attempts to get out of a shallow crater in the hope of getting to a better
one. Therefore, when the descent algorithm terminates at the bottom of a crater,
upward moves are taken in tabu search, while sliding back into the same crater is
disallowed (by restricting reverse moves) with the hope of sliding into deeper craters
and eventually reaching the global optimum. The tabu tenure controls the number of
iterations a move remains restricted. The tabu tenure should be not too low (in which
case the search may slide back into the same crater before it climbed out of it) or too
high (in which case not enough moves are allowed and the search may miss
improvement opportunities into another crater).
The Simulated Annealing Procedure
The simulated annealing procedure simulates the annealing of metals starting with
a high temperature, gradually decreasing the temperature, and ending at cold
temperatures. Its application to optimization problems was first suggested by
Kirkpatrick et al. (1983). In each iteration a perturbation is randomly generated (and
consequently one of the neighboring schedules randomly selected). If the selected
neighbor is improved, it is selected as the next current solution. If the selected
neighbor is non-improved, it is selected with a probability depending on the
temperature and the extent of the deterioration in the value of the objective function.
At the beginning, when the temperature is high, almost every move to a randomly
selected neighbor is accepted regardless of its value of the objective function. As the
process continues, the likelihood of selecting a non-improving neighbor decreases and
towards the end of the process, when the temperature is low, a non-improving
neighbor is hardly ever selected.
Borrowing the metaphor of the plane full of craters, simulated annealing is like a
“bouncing” rubber ball which we hope will settle at the deepest crater because it is
more difficult to get out of it. The cooling of the temperature means that the “height”
of the bounce diminishes as the process continues. At the beginning, each bounce is
very likely to bounce out of a crater and as the temperature is lowered, the likelihood
of bouncing out of a crater diminishes (but it is still easier to bounce out of a shallow
crater than a deeper one) and at the end of the process when the height of the bounce
is low, the probability of bouncing out of a crater is very low.
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Genetic Algorithms
Genetic algorithms simulate the natural evolution of species. The application of
genetic algorithms for optimization problems was first suggested by Holland (1975).
The basic approach is as follows. We start with a population of schedules that can be
randomly generated or obtained by other means. Each iteration, two parents are
randomly selected from the population, and a crossover operator is used to produce
an offspring. The offspring is created by taking part of the schedule from the first
parent and combining it with the remaining part of the schedule from the second
parent. The value of the objective function of the offspring is calculated and if it is
better than that of the worst population member, it replaces that member. This way the
size of the population remains constant. Some genetic algorithms use sporadic
mutations. A mutation consists of randomly selecting a member of the population and
considering a random perturbation of this member. We opted to apply the descent
algorithm to the offspring and consider the improved offspring for inclusion in the
population. This variant is called a hybrid-genetic algorithm or a memetic algorithm
(Moscato, 2002). Since all mutations are considered by the descent algorithm, no
mutations are suggested for our procedure. The evolution process is continued until a
stopping criterion is met and the best member of the last population is selected as the
solution. For a review of genetic algorithms see Drezner and Drezner (2005).
The most important part of genetic algorithms is the merging of two parents to
produce an offspring. A good merging procedure is essential for a successful
performance of a genetic algorithm. Most genetic algorithms employ a crossover
operator to generate an offspring. To illustrate the process consider a problem with six
people, two groups, and three people in each group, meeting for four days. The
following are two arbitrary schedules (parents).

The crossover point is between days 2 and 3. We select, for example, the first two
days from parent #1 and the last two days from parent #2 and get offspring #1. If we
select the first two days from parent #2 and the last two days from parent #1 we get
offspring #2.
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Note that the order of the four days does not affect the value of the objective function.
It is therefore possible to scramble the order of the days in each parent before
determining the crossover point.
Two schedules are randomly selected and one offspring constructed. If the
offspring has a good value of the objective function (better than the value of the
objective function of the worst population member) it replaces it. Otherwise, the
population remains unaltered. This completes one generation. The population evolves
and keeps improving because “bad” schedules are removed from the population and
are replaced by a “good” schedule. The process continues until a pre-specified number
of generations have been performed.

Selecting Test Problems
The applications described in the introduction may have various values for the
number of groups, the number of objects in each group, and the number of days. The
golf scheduling problem has a specific set of parameters. However, the other
applications may have various values for each particular instance. We therefore
selected a set of problems to demonstrate the efficiency of the algorithms proposed in
this paper. Such problems may well occur in practical applications.
One consideration in selecting the test problems was to select sets of single and
multiple problems so that Theorem 1 and the Corollary can be verified. We first
selected the two problems presented in Drezner (1998) (k=3, n=4, d=7; k=4, n=3,
d=11) their multiples, and additional test problems, most of them being perfect
problems. We restricted the problem size to d≤25. The set of 22 problems is depicted
in all six tables below.

Applying the Metaheuristics for Our Problem
To illustrate the metaheuristic algorithms we consider a simple problem of only
four people divided into two groups of two people each over a three-day period. There
exists a simple solution where each pair meets exactly once:
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A move is defined as exchanging two people between groups on the same day. For
example, exchanging 1 and 3 on the first day (making the partition on the first day to
be 3,2 and 1,4) and keeping the rest of the schedule the same is a move. The
neighborhood is the set of all possible moves. For each day there are 4 possible
exchanges for a total of twelve possible moves. Therefore, the cardinality of the
neighborhood is twelve moves.
The Descent Algorithm
No specific parameters are required for the descent algorithm. We generate a
random schedule and perform the first move that improves the value of the objective
function. The descent algorithm proceeds until no move improves the value of the
objective function. In the example above there are twelve possible moves. If at least
one of them improves the value of the objective function it is executed and the twelve
possible moves on the improved schedule are evaluated. If none of the twelve moves
improves the value of the objective function, the algorithm terminates.
The Tabu Search
Some preliminary definitions:
• The tabu list consists of tabu moves. A tabu move is an object that was recently
moved on a specific day. The tabu list consists of at most nkd entries for the nk
different objects on d different days. For the example above, if persons 1 and 3 were
exchanged on day 1, the entries person 1-day 1 and person 3-day 1 are entered into
the tabu list. This means that in the next several iterations an exchange involving
person 1 or person 3 on day 1 is not allowed. This is essential for an efficient search
to prevent the repetition of the same exchange which would lead back to the same
solution (sliding back into the same crater).
• The tabu tenure is the number of iterations that a tabu move remains on the tabu
list. Once its tenure is over, the entry is removed from the tabu list. We selected the
tabu tenure as 10 percent of the number of possible tabu moves: 0.1nkd. That
means that 10 percent of the possible moves are disallowed because they involve
persons that were recently moved on a particular day. For our particular example
the tabu tenure is too small to be effective (0.1nkd=1.2). However, for the test
problems this tabu tenure was effective.
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Extensive experiments lead to the following tabu search procedure. Note that the first
phase of the tabu search is the descent algorithm.
The Tabu Search Procedure
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We report experiments with a stopping rule of 3,000 iterations with 1,000 runs,
and 30,000 iterations with only 100 runs. The results are summarized in Table 3. The
preferred approach is stopping after 3,000 iterations with 1,000 runs.
Table 3: Comparison Between Two Values for the
Number of Iterations in the Tabu Search

The Simulated Annealing
In our example above there are 12 possible moves. One of them is randomly
selected. For example, suppose that day 2 is selected (each day is selected with
probability of 1/3), and person 3 from group 1 is selected (each person in the group
has a probability of 1/2 to be selected) and person 2 from group 2 is selected (also a
probability of 1/2). Day 2 schedule is now 1,2 and 3,4 and days 1 and 3 keep the same
schedule. Note that each move has a probability of 1/12 (the product of the above
probabilities) to be selected.
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We experimented with many variants of the parameters for the simulated annealing
procedure. The following parameters were found to be the most effective: An initial
temperature of ten is selected. The number of iterations N was set to 2,000 times the
number of possible perturbations or: N = 1000n2k(k = 1)d. The procedure is:
The Simulated Annealing Procedure
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Following Drezner and Salhi’s (2002) suggestion we also tried the SA-K simulated
annealing procedure. In the SA-K procedure for a given integer K ≥ 1, the best of K
randomly generated neighbors is selected each iteration. In order to have the same
number of objective function evaluations in the procedure, the number of iterations is
divided by K. Note that SA-1 is the “standard” simulated annealing procedure. We
report results for SA-1, SA-3, and SA-5. The comparison between different K’s with
one-hundred replications for each problem is given in Table 4. The best results overall
for the set of twenty-two test problems was provided by K=5.
Table 4: Comparison Between Three Versions of the Simulated Annealing
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The Genetic Algorithm
Following experiments with various strategies, the following genetic algorithm is
proposed:
The Genetic Algorithm

Two variants of the merging procedure are reported. In the first one, termed the
“fixed” procedure, the offspring is generated by selecting days 1, 3, 5,… from the first
parent, and days 2, 4, 6,… from the second parent. This is the odd-even rule. In the
“random” procedure, the order of the days in both parents is scrambled and the
schedule is then constructed by the odd-even rule. In Table 5 we compare the two
approaches on the twenty-two test problems with one-hundred runs each. The
preferred approach is the random procedure.
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Table 5: Comparison Between Random and Fixed Merge
of Parents in the Genetic Algorithm

Computational Experiments
We report the results by all four heuristic procedures on the set of twenty-two test
problems. Programs were coded in Microsoft Fortran PowerStation 4.0 and run on a
Pentium IV 2.8GHz desktop PC with 256 MB RAM.
In Table 6 the minimum value of the objective function and the number of times
found for each of the heuristics are depicted. The best known results are marked in
boldface. In Table 7 we report the average value of the objective function for all runs
and the run times in minutes for all runs. The best average solution among the four
heuristics is marked in boldface. Solving the set of twenty-two test problems the
specified number of replications took less than three hours of computer time for each
of the heuristics.
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Table 6: Comparison of Best Solutions by Various Metaheuristics

In Table 8 we report the best possible theoretical result and the best known solution
for each problem (including those obtained by non-selected variants of the
metaheuristics reported in Tables 3-5). Theorem 1 and the corollary may be used to
confirm an optimal solution for multiple problems. However, for six multiple perfect
problems the optimal solution was not obtained by the proposed heuristics. Theorem
1 and the corollary are indeed confirmed by these results.
The results in Tables 6 and 7 rank the heuristic algorithms as Tabu search being the
best, simulated annealing the second best, then the genetic algorithm and the descent
heuristic a clear last. Tabu search is the fastest among the three metaheuristics for the
total number of trials run.

Discussion
This study looks at the problem of a group of people (objects) needing to be
partitioned into smaller groups a given number of times. For example, twelve golf
players play a tournament over seven days and each day they are partitioned into three
groups of four players each. The repeated partition scheduling (RPS) problem requires
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Table 7: Comparison of Average Solutions by Various Metaheuristics

that each pair of objects be in the same group about the same number of times.
Applications include tournament scheduling where an equitable partition makes the
game more enjoyable and fair, personnel assignment where an equitable solution
enhances good relations between group members, production scheduling so that
unexpected break down of machines will have the least effect on the operation,
advertising and experimental design where it may be too costly to measure interactions
between pairs of objects and we can group the objects into groups of more than two
objects each reducing the cost of the experiment, and others. For example, in personnel
assignment we wish that pairs of workers will not work together in the same group for
too many days so that they will not “get on each other’s nerves”. In small conferences,
when participants are assigned to tables during meals, we wish that each participant
will sit at the same table with other participants about the same number of times in
order to facilitate meetings and conversations between participants.
The problem is a combinatorial design problem with a very large number of
possible partitions. Our goal is to find the partition that is the most equitable. That
means that every pair of objects is in the same group about the same number of times.
It is noted that once the number of objects, the number of groups, and the number of
days are given, then the problem no longer depends on the application. For example,
if twelve objects need to be partitioned into three groups over a seven day period, then
the solution depicted in Table 1 can be used for any application with these three values.
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Table 8: Summary of Results for the Test Problems

We solved the RPS problem using the three metaheuristics: tabu search, simulated
annealing and the genetic algorithm. The recommended method is the tabu search as
it provided the best solutions in the fastest computer time on our set of twenty-two
test problems.
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IS Support for Top Managers’
Dynamic Capabilities,
Environmental Dynamism,
and Firm Performance:
An Empirical Investigation
Michael J. Zhang
Sacred Heart University

Despite a continual interest in developing information systems (IS) to
support the work of top managers, assessing the impact of IS support for top
managers and their capabilities on the bottom-line performance of firms has
received little attention in existing literature. Drawing upon the resourcebased view of competitive advantage, this paper argues that firms that
provide IS support for their top managers’ dynamic capabilities may enjoy
competitive advantage and superior firm performance. The performance
impact of IS support for two key dynamic capabilities of top managers (fast
response and mental model building) under different (dynamic vs. stable)
external environments was then examined and assessed with both survey and
archival data. The results show that IS support for the fast response
capability of top managers improved both profitability and labor
productivity in a dynamic external environment. On the other hand, the
study did not find either direct or indirect effects of IS support for the mentalmodel building capability of top managers.

During the past decade, researchers concerned with the strategic management of
information systems (IS) have increasingly utilized the resource-based view of
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competitive advantage to reexamine the strategic contributions of IS (Mata, Fuerst &
Barney, 1995; Powell & Dent-Micallef, 1997; Lado & Zhang, 1998; Bharadwaj, 2000;
Byrd, 2001; Wheeler, 2002; Wade & Hulland, 2004; Bhatt & Grover, 2005;
Ravichandran & Lertwongsatien, 2005). One key insight from this line of inquiry is
that IS may contribute to competitive advantage and superior firm performance by
supporting or enabling the development of a firm’s dynamic capabilities (Wheeler,
2002; Sambamurthy, Bharadwaj & Grover, 2003; Zhang, 2005). Accordingly, a growing
number of studies have been conducted to explore IS support for different types of
dynamic capabilities and assess the performance impact of such IS support
(Bharadwaj, 2000; Christiaanse & Venkatraman, 2002; Tippins & Sohi, 2003; Zhang,
2005). While this body of research has linked IS support for several dynamic
capabilities (e.g., strategic flexibility, organizational learning, and knowledge assets) to
a firm’s competitive position and performance, little conceptual and empirical work
has been devoted to the issues of how IS can be deployed to support the dynamic
capabilities of top managers and how such IS support may affect the bottom-line
performance of firms. Given the critical roles of top managers and their managerial
capabilities in determining the acquisition and development of other valuable
organizational resources and capabilities for competitive advantage (Lado & Wilson,
1994; Adner & Helfat, 2003), it is worthwhile and necessary to explore the kind of
support IS may provide for top managers’ dynamic capabilities. It may also help to
ascertain whether firms can derive competitive benefits from IS support for these
dynamic capabilities. Moreover, addressing these issues would help increase top
managers’ knowledge about how information technology (IT) may enhance their
effectiveness. The lack of such knowledge may be one main reason why many top
managers are not actively involved in using IS in their work and decision making
(Orlikowski, 2000; Pijpers et al., 2001).
The purposes of this study are, therefore, to investigate IS support for top
managers’ dynamic capabilities and the competitive impact of such IS support.
Specifically, the study examined IS support for two key dynamic capabilities of top
managers (fast response and mental model-building) as well as the performance
impact of the IS support. Both capabilities are viewed as crucial to the long-term
competitive success of a firm in the strategic management research (Brumagim, 1994;
Lado & Wilson, 1994; Hitt, Keats & DeMarie, 1998; Eisenhardt & Martin, 2000;
Adner & Helfat, 2003). Furthermore, in view of the growing recognition that the
strategic value of an organizational capability and its IS support depend upon different
external environments (Miller & Shamsie, 1996; Li & Ye, 1999; Eisenhardt & Martin,
2000), the study explored an important environmental context (environmental
dynamism) in which the strengths of the association between IS support for the two
dynamic capabilities of top managers and firm performance were likely to vary across
firms. Discerning the moderating effects of external dynamism on the performance
impact of such IS support is important for our understanding of the conditions under
which firms are more likely to reap the benefits from providing IS support for top
managers’ dynamic capabilities.
The rest of the paper proceeds as follows. The next section presents the emerging
resource-based view of the strategic roles of IS to provide the conceptual foundation
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for linking IS, top managers’ dynamic capabilities, and competitive advantage. This is
to be followed by a discussion of the concept of top managers’ dynamic capabilities,
their strategic importance, and more specifically, two of top managements’ dynamic
capabilities (fast response and mental model building). IS support for the two dynamic
capabilities of top managers, its performance impact, and the moderating effects of
environmental dynamism are then examined. The methodology section describes the
research method and the findings of the study. The last section presents the
implications of the research findings, the limitations of the study, and some
suggestions for future research and practice.

Theoretical Background and Hypotheses
Resource-based View of the Strategic Impact of IS
As a popular theoretical perspective in the strategic management literature, the
resource-based view of the firm holds that firm’s resources and capabilities which are
unique and difficult to imitate or substitute can gain and maintain competitive
advantage and superior performance (Barney, 1991). While early resource-based
analysis of the strategic roles of IS views IS as commodity-like resources that are
unlikely to have any direct impact on firm performance (Clemons, 1986; Mata et al.,
1995), more recent research indicates that despite lacking characteristics that are
unique or difficult to imitate, IS may play an indirect (supporting) role in influencing
firm performance (Powell & Dent-Micallef, 1997; Lado & Zhang, 1998; Bharadwaj,
2000; Byrd, 2001; Wade & Hulland, 2004; Ravichandran & Lertwongsatien, 2005).
Drawing from the concept of complementary assets – resources whose presence
enhances the values of other resources (Teece, 1986) – researchers who examine the
supporting role of IS argue that IS may contribute to competitive advantage to the
extent that they support the creation or leveraging of rent-yielding, distinctive
organizational capabilities that are hard to imitate or substitute (Lado & Zhang, 1998;
Bharadwaj, 2000; Byrd, 2001; Ravichandran & Lertwongsatien, 2005). Bharadwaj
(2000) further argues that firms providing such IS support may create a complex set
of complementary resources that are not easily matched by competitors, hence
generating sustainable competitive advantage. There is growing evidence of the
supporting role of IS (Powell & Dent-Micallef, 1997; Bharadwaj, 2000; Tippins &
Sohi, 2003; Ravichandran & Lertwongsatien, 2005; Zhang, 2005). In one of the
earliest resource-based studies of the indirect effect of IS, Powell and Dent-Micallef
(1997) found that some U.S. retailers gained performance advantages from deploying
IT to leverage preexisting, complementary human and business resources. In another
investigation, Bharadwaj (2000) compared a group of IT-leading firms (firms that used
IT to develop certain intangible resources, customer orientation, knowledge assets,
and synergy) to a matched control sample of firms with regards to several key profit
and cost ratios, and found that the IT leaders outperformed the control firms.
Top Managers’ Dynamic Capabilities
Among the distinctive organizational capabilities that resource-based scholars view
as potential sources of sustainable competitive advantage are a firm’s dynamic
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capabilities, which refer to “the firm’s ability to integrate, build, and reconfigure
internal and external competencies to address rapidly changing environments” (Teece,
Pisano & Shuen, 1997, p. 516). As more and more industries and markets are facing
rapid and unpredictable changes these days, there is growing recognition in the
resource-based literature that the mere possession of an appreciate bundle of specific
resources and capabilities is insufficient for the firm to sustain competitive advantage
in such an environment. Rather, the firm must constantly develop new resources and
capabilities to deal with the new market demands in order to survive and prosper
(Teece, et al., 1997; Eisenhardt & Martin, 2000; Rindova & Kotha, 2001). Over the
years, a number of value-creating dynamic capabilities such as product development,
top managers’ capabilities, knowledge creation, alliance and acquisition, and strategic
flexibility have been identified and studied (Hitt et al., 1998; Eisenhardt & Martin,
2000; Adner & Helfat, 2003). Among these different dynamic capabilities, top
managers’ capabilities are deemed as one of the most critical determinants of a firm’s
long-term competitive success in the resource-based literature (Brumagim, 1994; Lado
& Wilson, 1994; Eisenhardt & Martin, 2000; Adner & Helfat, 2003). As a direct
analogy of the general dynamic capabilities (Adner & Helfat, 2003), top managers’
dynamic capabilities not only enable the strategic leaders of a firm to cope with
changing circumstances in its external environments (Eisenhardt & Martin, 2000;
Rosenbloom, 2000; Tripsas & Gavetti, 2000), but also determine how well the firm
acquires and builds other valuable organizational resources and capabilities and
converts them into products and services valued by customers (Brumagim, 1994; Lado
& Wilson, 1994; Adner & Helfat, 2003). Despite the influence of top managers’
dynamic capabilities on the firm’s competitive position or performance, how IS can be
deployed to support these capabilities and how much competitive gain the firm may
enjoy from such IS support have received scant attention in the literature. It is argued
in this paper that providing IS support for certain critical dynamic capabilities of top
managers may yield competitive advantage and superior firm performance.
While top managers may rely on a number of managerial capabilities to acquire and
develop new organizational resources and capabilities to deal with environmental
changes, two key capabilities stand out in the literature (Isenberg, 1984; Hitt et al.,
1998; Adner & Helfat, 2003; Baum & Wally, 2003). First is the fast response capability,
which represents top managers’ ability to react or respond quickly to changes in the
external environment (Eisenhardt, 1990; El Sawy, 1991; Hitt et al., 1998; Baum &
Wally, 2003). Addressing the criticality of the fast response capability in strategic
decision making, Eisenhardt (1990, p. 39) made the following observation:
“Strategy making has changed. The carefully conducted industry analysis or
the broad-ranging strategic plan is no longer a guarantee of success. The
premium now is on moving fast and keeping pace. More than ever before, the
best strategies are irrelevant if they take too long to formulate.”
Firms operating in different industry and market environments may benefit from
their top managers’ ability to make speedy strategic decisions because fast strategic
decisions facilitate early adoption of successful new products, new technologies, or
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improved business models that yield competitive advantage (Baum, 2000; Jones,
Lanctot, Teegen, 2000). Fast strategic decisions may also help a firm create
preemptive resource combinations that lead to economies of scale and knowledge
synergies (Baum & Wally, 2003). Recent empirical research shows that top managers’
fast decision-making capability has a positive effect on firm growth and profitability
(Baum & Wally, 2003).
Besides being valuable to a firm, the fast response capability of top mangers tends
to be firm-specific and difficult to imitate. Behavioral and cognitive research on top
managers and their behaviors indicates that top management capabilities are
developed through cognitive and behavioral characteristics that are unique to the top
management team of a particular firm (Hambrick, 1989). Moreover, top managers
facing high complexity, uncertainty and intra-firm conflict differ in their capabilities to
make sound strategic choices that create rents for their companies (Amit &
Schoemaker, 1993; Molloy & Schwenk, 1995). In their recent analysis of dynamic
capabilities which include the fast response capability of top managers, Eisenhardt and
Martin (2000) observe that effective response to a fast changing environment relies on
the ability to create real-time knowledge specific to the situation facing a firm. These
authors also argue that the fast response capability is causally ambiguous because it is
developed based on extensive experiential (learning-by-doing) actions that obscure its
causality. Therefore, the fast response capability of top managers holds the potential of
sustainable competitive advantage.
Another critical dynamic capability of top managers is mental model building,
which reflects top managers’ ability to change their existing beliefs and assumptions to
fit with new environments or handle disconfirming information (Isenberg, 1984;
Vandenbosch & Higgins, 1995; Hitt et al., 1998). In the literature of strategy
formulation and decision making, researchers have long held the view that top
managers often consciously or unconsciously use their mental models to guide their
search, selection, interpretation and use of information about their environments in
making strategic decisions (Weick, 1979; Isenberg, 1984). It is well documented that
top managers who fail to constantly test, correct and revise their mental models often
inadequately perceive and act on their external environments and, consequently, make
suboptimal strategic decisions (Isenberg, 1984; Porac, Thomas & Baden-Fuller, 1989;
Walsh, 1995; Rosenbloom, 2000; Tripsas & Gavetti, 2000). Moreover, recent empirical
studies on how mental models affect strategic decision making in different industry
settings have shown that top managers from different firms facing similar external
conditions differed in their abilities to develop new mental models (Tripsas & Gavetti,
2000; Holbrook et al., 2000; Adner & Helfat, 2003). Since the process of mental model
development involves the use of such idiosyncratic and costly-to-imitate resources as
top managers’ firm-specific experience and knowledge, organizational culture, and
organizational structure (Hambrick & Mason, 1984; Walsh & Ungson, 1991; Lado &
Wilson, 1994), top managers with superior capabilities to develop valid mental models
are likely to generate sustained competitive advantage for their companies.
IS Support for Fast Response
In order for top managers to rapidly respond to changes in their external
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environments, they must be capable of collecting internal and external information,
identifying critical strategic problems and making strategic decisions in a timely
manner (Wang & Chan, 1995; Eisenhardt & Martin, 2000). It is evident in the
executive information systems (EIS) literature that, by providing on-line access to
various external databases, EIS enable top executives to search and retrieve a large
amount of external information about suppliers, customers, competitors, financial
organizations, stockholders, regulatory bodies and interest groups, etc. in a timely
manner (Rasheed & Datta, 1991; Boone, 1993; Young & Watson, 1995). EIS can also
transform traditional management report systems to offer top executives more nonfinancial information in critical areas of their firms (Rockart & DeLong, 1988).
Moreover, by facilitating easy and efficient collection of quantitative data, EIS free up
more time for gathering soft, qualitative data and reduces top executives’ reliance on
their staff for information gathering, hence lowering the extent of information filtering
and uncertain absorption by their staff (Huber, 1984; Rockart & DeLong, 1988;
Volonino, Watson & Robinson, 1995). Empirical work on the organizational impact of
EIS has generated evidence showing that EIS support for executive search and
gathering of external and internal information has led to improved productivity, more
successful new product introduction, and improved decision making in terms of
quicker identification of potential problems and opportunities (Leidner & Elam, 1993;
Sayeed & Brightman, 1994; Ahituv, Zif & Machlin, 1998).
Group decision support systems (GDSS) may also facilitate top executives’
searches for information about the potential sources of competitive advantage
(Dennis, Nunamaker & Paranka, 1991). By allowing people from different geographic
locations to meet each other at the same time in different time periods, GDSS enable
a larger number of employees and managers at different organizational levels to
participate in a meeting system, thus increasing the top managers' accessibility to
information and knowledge of their subordinates (Dennis et al., 1990; Huber,
Valacich & Jessup, 1993). The anonymity feature of GDSS can be used to promote
relatively uninhibited group discussions, leading to more open and candid generation
and evaluation of ideas (Dennis et al., 1991; Huber et al., 1993). Another useful GDSS
support for executive information gathering at meetings is the effective creation,
organization and distribution of all the electronic data exchanges (minutes,
documents and conclusions) and displays (graphics, tables and texts) during a
meeting (Huber et al., 1993).
Besides facilitating quick search and gathering of information, IS can be used to
assist top managers in conducting fast, yet comprehensive decision analyses. There is
some evidence suggesting that IS may significantly increase the extent of a senior
executive's decision analysis without slowing down the whole decision process. In
their survey of forty-six executive users of EIS, Leidner and Elam (1993) found that
comprehensive analysis could coexist with speed when EIS provided both real-time
information and analytic tools such as drill-down and trend analysis. Molloy and
Schwenk (1995) also reported that the use of EIS, decision support systems, and
expert systems helped strategic decision makers generate and analyze a greater
number of alternatives, thus increasing the comprehensiveness of the decision
making process.
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IS Support for Mental Model Building
Research on IS support for human cognitive processes reveals that firms may
develop IS to assist their senior managers in developing and evaluating their mental
models (Boland, Tenkasi & Te’Eni, 1994; Vandenbosch & Higgins, 1995; Baets, 1998).
Boland et al. (1994) described an actual system (Spider) designed to help users
construct their own cognitive maps and evaluate their assumptions and preferences.
Baets (1998) documented another system capable of fostering the development of
shared mental models from individual mental models. By utilizing the artificial neural
networks technology, the system enabled a chemical company to construct an overall
picture (mental map) of a particular business process based on the mental models of
different stakeholder groups (e.g., the company, the government and the local
community). The EIS literature also suggests that the analytical and modeling
capabilities (e.g., what-if analysis and simulation) built into many EIS may assist top
managers in surfacing and testing assumptions in their mental models or making their
implicit mental models more explicit so that they are more testable and easier to
communicate (Rockart & DeLong, 1988).
Some evidence from field research suggests that organizational performance
improvements may accrue from IS support for critical evaluation of the mental models
and assumptions of decision makers. Vandenbosch and Higgins (1995) investigated
the performance impacts of two types of support provided by executive support
systems (ESS): one for mental model maintenance (fitting new information in extant
mental models) and one for mental model building (changing mental models to
accommodate new information). They found that perceived competitive performance
was strongly related to ESS support for mental model building, while ESS support for
mental model maintenance had no effect on perceived competitive performance.
The Moderating Role of Environmental Dynamism
Environmental dynamism describes the rate and unpredictability of changes in a
firm’s external environment (Dess & Beard, 1984). Research in the resource-based
view of competitive advantage has increasingly recognized that the strategic value of a
firm’s resource or capability depends on specific market contexts (Miller & Shamsie,
1996; Eisenhardt & Martin, 2000; Priem & Butler, 2001). For example, Miller and
Shamsie (1996) found that property-based resources (e.g., exclusive long-term
contracts with star actors and theaters) improved financial performance in a
predictable environment, while knowledge-based resources such as production and
coordinative talent boosted financial performance in a changing and unpredictable
environment. Through influencing the strategic values of fast response and mental
model building, environmental dynamism may affect the performance impact of IS
support for these two capabilities. Empirical studies on IS impact on organizational
performance also suggest that a firm’s ability to reap the benefits from its IS
investments may be conditioned by environmental dynamism (Jones, Rockmore &
Smith, 1996; Li & Ye, 1999). Li and Ye (1999), for instance, found that IT investments
exerted a stronger positive effect on financial performance in a dynamic environment
than in a stable environment.
Facing rapid changes in technologies, markets, and competition, top managers rely
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more on the fast response capability to cope with the changing external conditions and
thereby survive and/or prosper in the new environment (Wang & Chan, 1995; Hitt et
al, 1998). The empirical studies conducted by Eisenhardt and her associate showed
that top managers' ability to obtain real-time information about their businesses and
environments affected the speed of strategic decision making and thus firm
performance in a high-velocity environment (Bourgeois & Eisenhardt, 1988;
Eisenhardt, 1989). Correspondingly, EIS researchers have found that one of the main
reasons for top managers’ interest in developing and adopting EIS is to better respond
to the changing business climate (Watson, Rainer & Koh, 1991; Bajwa, Rai &
Ramaprasad, 1998). Hence, the greater demands that the dynamic external
environment places on top managers’ fast response capability and its IS support
suggest that firms would benefit more from IS support for fast response in a dynamic
environment than in a stable environment.
Hypothesis1: The interaction between IS support for fast response and
environmental dynamism is positively related to
firm performance.
Like the fast response capability, the ability to test, correct and revise mental
models is more crucial for top managers in firms facing a greater degree of change and
uncertainty in their external environments. Case studies in the strategic management
literature have documented how the obsolete views held by top managers led to poor
decision making and action in new business environments (Porac et al., 1989;
Rosenbloom, 2000; Tripsas & Gavetti, 2000). Tripsas and Gavetti (2000), for
example, illustrated the difficulty Polaroid faced in managing its new digital imaging
business due to the influence of an inapt mental model held by its top management.
In view of the criticality of evaluating and adjusting top managers’ mental models in
a turbulent environment, it is logical to expect IS support for mental model building
to provide greater economic value to firms operating in a dynamic environment than
in a stable environment.
Hypothesis2: The interaction between IS support for mental model building
and environmental dynamism is positively related to
firm performance.

Methodology
Sample and Data Collection
The data for this study came from two sources. The data tapping the independent
and moderating variables was gathered from a mail survey of 778 large companies in
the U.S. in 1998. The performance and control variables data was collected from the
Research Insight (formerly known as Compustat) database. The target respondents of
the mail survey were senior IS executives, most of whom held the positions of either
vice president of IS or chief information officer (CIO). Before being mailed out, the
survey instrument (see Appendix A) was pre-tested and refined for content validity
and item clarity with senior IS executives from five Fortune 500 companies
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headquartered in a mid-western state. 153 usable responses were received,
representing a response rate of 20 percent. This response rate is comparable to those
reported in similar studies using senior IS executives in large firms (Powell & DentMicallef, 1997; Byrd & Turner, 2001; Kearns & Lederer, 2003; Bhatt & Grover, 2005).
Of the responding firms, 75 (49 percent) were manufacturers; 40 (26.1 percent) were
service companies; 25 (16.4 percent) were in wholesale or retail trade; and 13 (8.5
percent) were in the transportation or public utilities segment.
To test for potential non-response bias in the sample, the respondent firms were
compared to their non-respondent counterparts with respect to sales and number of
employees. T-test results showed no significant differences in both characteristics
between the two groups. In keeping with Armstrong and Overton (1977), another
non-response bias check was conducted by comparing early with late respondents. Ttests of the mean differences for the three explanatory variables failed to reveal any
significant differences. Together, these checks provided some evidence for the absence
of non-response bias in the data set.
Measures
Independent variables. IS support for fast response is defined as the extent to which
IS provide support for top managers’ ability to proact or respond quickly to changes in
the external environment. Since no relevant scales existed, this construct was
measured with a four-item scale developed based on the ideas of Leidner and Elam
(1993), Sayeed and Brightman (1994) and Ahituv et al. (1998). IS support for mental
model building refers to the extent to which IS provide support for top managers’
ability to change their existing beliefs and assumptions in the new external
environment (Vandenbosch & Higgins, 1995). This construct was measured with a
five-item scale adopted from Vandenbosch and Higgins (1996). For each of the nine
items, the respondents were asked to indicate the extent to which their IS had
provided a particular type of support during the previous three years on a five-point,
Likert-type scale with anchors ranging from “Very great extent” (= 5) to “No extent”
(= 1). To assess the construct validity and discriminant validity of the two scales, a
principal components factor analysis with varimax rotation was performed on the nine
items. The factor analysis (see Table 1) revealed two distinct factors explaining
approximately 78 percent of the total variance and corresponding with IS support for
fast response and IS support for mental model building, respectively.
Moderating variable. Four items were adopted from Leuthesser and Kohli (1995),
and Judge and Miller (1991) to measure environmental dynamism. For each item, the
respondents were asked to indicate the frequency of changes in a particular area on a
five-point, Likert scale with anchors ranging from “Very Frequent Change” (= 5) to
“No Change” (= 1). A separate factor analysis (see Table 2) of these four items revealed
a single factor explaining about 63 percent of the total variance, confirming the
unidimensionality of the scale.
Dependent variables. The bottom-line performance of the sample firms was
measured in terms of profitability and labor productivity. A popular profitability ratio,
return on sales (ROS), was used to measure profitability. While other profitability
ratios such as return on assets (ROA) and return on equity (ROE) have also been used
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in other studies (Brown, Gatian & Hicks, 1995; Li & Ye, 1999), ROS was chosen over
ROA and ROE mainly because ROS is not only closely related to ROA and ROE, but
also less susceptible to variation in accounting procedures (Price & Mueller, 1986; Li
& Ye, 1999). Labor productivity represents an intermediate measure of firm
performance. In view of the potential time lag in gauging IS impact on firm
performance (Brynjolfsson, 1993), IS researchers have recommended the use of labor
productivity to capture potential IS effects (Barua, Kriebel & Mukhopadhyay, 1995).
Labor productivity was measured as income per employee (Brown et al., 1995). To
smooth annual fluctuations and average out short-term effects, a three-year average
(covering the years of 1997, 1998 and 1999) was calculated and used for ROS and
income per employee, respectively.
Table 1: Factor Anaylsis of IS Support

Table 2: Factor Anaylsis of Environtmental Dynamism
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Control variables. Since the firms participating in the survey came from a variety
of industries, it was necessary to control, to some degree, the different industry
conditions under which the firms operated. To control for the industry effects, SIC
codes were first used to classify the firms into four groups: 1) manufacturing, 2)
transportation and public utilities, 3) wholesale and retail trade, and 4) service. Where
a firm operated in more than one industry, the firm's SIC code was determined by
identifying the industry from which the firm received the largest percentage of sales
and the corresponding SIC code. Three dummy variables (each with values of 0 or 1)
were then created for the second (transportation and public utilities), the third
(wholesale and retail trade) and the fourth (service) groups of firms. For each dummy
variable, a firm was assigned a value of 1 if it belonged to a group.
The fourth control variable was firm size, which has frequently been used in
other studies involving firm performance as a dependent variable (Tam, 1998; Li &
Ye, 1999). In keeping with convention, firm size was measured as the number of
full-time employees. The fifth control variable was organizational slack which is
indicative of a firm's ability to generate cash flow for reinvestment (Chakravarthy,
1986). Organizational slack needs to be controlled due to its potential influence on
a firm's financial performance, as well as, the firm’s ability to invest in and develop
IS (Kettinger, et al., 1994; Li & Ye, 1999). A traditional ratio, Current Ratio
(current assets to current liabilities), was used to measure organizational slack
(Bourgeois, 1981).
Analyses
To test the hypotheses, two sets of hierarchical regression analyses were performed,
using ROS and income per employee as the dependent variables. In the first stage of
each set of the analyses, the five control variables were entered as a set into a regression
model to separate their effects. In the second stage, the two independent variables (IS
support for fast response and IS support for mental model building) and the
moderating variable (environmental dynamism) were added to the model to separate
their main effects. In the third stage, two interaction terms (one between IS support
for fast response and environmental dynamism, and one between IS support for mental
model building and environmental dynamism) were added to the equation to test the
interactive effects. To avoid potential multicollinearity among the independent and
moderator variables, the factor scores for IS support for fast response and IS support
for mental model building (calculated from the factor analysis of the nine IS support
items) were used in the regression analyses (Malhotra, 1993), and environmental
dynamism was mean-centered before being entered into the model (Cronbach, 1987;
Aiken & West, 1991). The regression equations used in each stage of the regression
analyses are presented in Table 3.
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Table 3: Hierachical Regression Analyses

Results
Table 4 reports the means, standard deviations and zero-order correlations for all
the variables. The correlations reveal only a positive relationship between IS support
for fast response and income to employees (r = .18, p < .05). Environmental dynamism
had a strong positive association with IS support for fast response (r = .28, p < .001)
and a moderate positive relationship with IS support for mental model building (r =
.16, p < .05). These relationships suggest that firms facing a higher degree of
environmental change tended to provide more support for the two dynamic
capabilities of their top managers. It is worth noting that the correlation between the
two IS support variables was very high (r = .60, p < .001). The inter-correlations among
these three variables indicate potential problems with multicollinearity.
Table 5 displays the results of the hierarchical regression analyses. Models 1 and 4
involve the five control variables only. Models 2 and 5 include all the control variables,
the two independent variables and the moderating variable. Models 3 and 6 comprise
all of the control, independent and moderating variables, plus the two interactive
terms. As depicted in Models 2 and 5, IS support for fast response only had a direct
effect on income per employee (b = .17, p < .05), while IS support for mental model
building had no direct effect on either income per employee or ROS. Hypothesis 1
predicts that the interaction between IS support for fast response and environmental
dynamism is positively related to firm performance. Models 3 and 6 show that the
interaction term between IS support for fast response and environmental dynamism
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was significant in predicting ROS (b = .18, p < .05) and income per employee (b = .16,
p < .10) in the expected direction. These results provided support for Hypothesis 1.
Hypothesis 2 states that the interaction between IS support for mental model building
and environmental dynamism is positively related to firm performance. The
moderation results provided no support for this hypothesis because the interaction
term between IS support for mental model building and environmental dynamism was
not significant in predicting either ROS or income per employee.
Table 4: Means, Standard Deviations and Correlation Coefficientsa

Table 5: Regression Resultsa
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Additional Analyses
Since IS support for mental model building did not have either a direct or an interactive
effect on either measure of firm performance, two additional sets of regression analyses were
performed with this variable and its interactive term dropped from the equations. The
results show that the interactive effect between IS support for fast response and
environmental dynamism on ROS remained significant at .05 level, while the significance
level for the interactive effect on income per employee increased to .05 (b = .17). The latter
result hence strengthened the support for Hypothesis 1.

Discussion
In view of the growing recognition that IS support for rent-yielding, distinctive
organizational capabilities may yield competitive advantage and superior firm
performance, this research was undertaken to investigate the relationships between IS
support for two critical dynamic capabilities (fast response and mental model
building) of top managers and firm performance under different environmental
conditions. The results indicate that some firms improved labor productivity from IS
support for fast response. Furthermore, the study found that IS support for fast
response was positively related to both labor productivity and profitability in a
dynamic environment. On the other hand, the study did not find any direct or indirect
effect of IS support for mental model building.
The study contributes to the research and practice concerning the strategic value
of IS support for top managers in two regards. First, despite a growing interest in
developing and using IS to support the work of senior executives among academics
and practitioners, we currently know relatively little about the organizational impact
of IS support for top executives. Even though previous research suggests that benefits
such as improved productivity, decision making and response time may accrue from
such IS support (Belcher & Watson, 1993; Leidner & Elam, 1993; Young & Watson,
1995), it remains unclear whether these operational benefits would eventually increase
a firm’s bottom-line performance, given the small amount of empirical attention to this
issue. Without empirical evidence, firms interested in investing in IS to support their
top managers have little basis for their investment decisions. The lack of empirical
evidence for the bottom-line impact of IS support for senior executives may also be
another reason why top managers in many firms do not utilize IS in their decision
making (Nord & Nord, 1995; Orlikowski, 2000; Pijpers et al., 2001). By finding a
positive link between IS support for one dynamic capability (fast response) of top
managers and the bottom-line performance of firms in a dynamic external
environment, this research generates some initial evidence for the competitive benefits
from deploying IS to support top executives and their managerial capabilities. With
this information, firms can be more informed about what kind of IS support should be
provided for top management. They can also better educate their top managers in the
value of using IS and thereby increase top managers’ use of IS.
Second, the findings from this study increase our understanding of the role of
environmental dynamism in influencing the economic benefits of IS support for top
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managers. While prior research has found a higher level of adoption of IS support
among top executives when their firms face a high degree of turbulence in their
external environments (Bajwa et al., 1998), there has been little evidence as to how
effective the IS support is in helping top executives and their firms respond to
environmental change and uncertainty. The empirical support found for the
moderating effect of environmental dynamism on the performance impact of IS
support for the fast response capability of top managers suggests that IS can be an
effective tool for top managers to make quick and effective decisions for competitive
success in turbulent times. The importance of environmental dynamism highlighted
in the study also underscores the need for firms and their managers to pay close
attention to their external conditions if they expect to reap economic returns from
providing IS support to their top managers.
The unexpected finding that IS support for the mental model building capability of
top mangers had no direct or indirect effect on firm performance contradicts the
previous research by Vandenbosch and Higgins (1995) who found a positive
relationship between ESS support for mental model building and perceived
competitive performance. The null effect of IS support for mental model building can
be explained by the possibility that IS designed to support top managers’ mental model
building were relatively novel when the study was undertaken. This is evidenced by
the lower average level (2.79) of IS support for mental model building than that (3.31)
of IS support for fast response. It might then take a longer period of time for senior
executives to appreciate and learn how to use IS that question and re-orient their
thinking. The longer learning curve for trying and using IS support for mental model
building might in turn prolong the time-lag effect of the IS support. It is also possible
that senior executives were less involved in using IS support for mental model building
even though such IS support was available to them (Pijpers et al., 2001). In other
words, simply developing and deploying IS to provide the right type of IS support, as
suggested by the prior resource-based analyses of the strategic use of IS, might not
necessarily lead to competitive advantage unless the available IS support is actually
utilized. Hence, future inquiry of IS support for top executives’ mental model building
needs to measure and control top managers’ actual use of the IS support in question.
The findings from this study need to be interpreted within its limitations. First,
derived from cross-sectional data, the significant results proved only association, not
causality. Second, the study relied on perceptual data collected from single informants
in measuring the IS support and environmental dynamism. Data collected in such a
manner may be subject to the respondents' cognitive biases and distortions. On the
other hand, by employing objective measures of the performance and control
variables, the study reduced similar biases and inaccuracies in collecting the data for
those variables and avoided the problem of ‘common method variance.’ Third, since
the study was based on data collected seven or eight years ago when the general
business environment (e.g., the use of internet and outsourcing were less prevalent at
that time) was different from that of today, whether the research results can be
generalized to the current settings may be questionable. Further research based on
more recent information reflecting current corporate performance and IS support for
top managers’ work is needed before one draws any further conclusions about the
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performance impact of IS support for top managers’ dynamic capabilities. Finally, the
response rate (20 percent) for the survey used in the research, while comparable to
those of similar studies, was relatively low and thus limited the generalizability of the
study results. Obtaining high response rates for sensitive information concerning the
strategic use of IS continues to be a challenge for researchers.
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Appendix
Survey Instrument
I. Please indicate the extent to which your information systems have provided each
of the following support during the past three years on a scale ranging from 1 (no
extent) to (5 very great extent):
1)
2)
3)
4)
5)
6)
7)
8)
9)

provide top managers with quick access to external database
provide top managers with quick access to internal information
help top managers identify problems faster
help top managers make decisions more quickly
challenge top managers’ perspectives
question top managers’ preconceptions
foster top managers’ creativity
expand top managers’ scopes of thinking
re-orient top managers’ thinking

II. Please indicate the frequency of changes in each of the following areas during the
past year on a scale ranging from 1 (no change) to 5 (very frequent change):
1)
2)
3)
4)

the product/service features desired by your customers
the product/service features offered by your competitors
the product/process technologies in your industry
the price sensitivity of customers
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A critical measure largely neglected in previous loyalty studies is the
customer’s share of wallet (SOW), or the percentage of their business that
they assign to one bank. Since banks generate different profits from savings,
investment products and loans, this study, based on 1,951 retail banking
customers, develops separate models predicting SOW for deposits, debts and
loans; and percentages of accounts and credit cards used from a customer’s
main bank. The results suggest that about 25 to 65 percent of the variance in
SOW can be predicted by demographic factors such as age, income and a
customer’s residential location. While overall satisfaction and affective
attitude have generally been found to be strong predictors of behavioral
intentions in the marketing literature, they were, together with service
quality, not found to be unique predictors of SOW in this study.

The retail banking market in Australia, as in many other countries, is becoming
increasingly competitive. The competitive battle at the present time is said to be
around share of wallet (SOW), or the proportion of a consumer's business allotted to
a single bank (Keiningham, Perkins-Munn, & Evans, 2003; Perkins-Munn, Aksoy,
Keiningham, & Estrin, 2005). Banks realize that they need to retain profitable
customers by at least maintaining or, better still, increasing customer loyalty by
encouraging customers to conduct an increased percentage, if not all, of their banking
business with one institution.
1An earlier version of this paper won the Best Paper Award of the marketing track at the Western Decision Sciences
Institute Conference (WDSI), Vancouver BC, March 2005.The authors would like to thank the Editors of JBM and the
anonymous reviewers for their useful comments. Their input has resulted in a better final version of the paper.
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While there is no consensus on the definition and measurement of loyalty, “there
is little dispute that the concept of brand loyalty is important” (Rundle-Thiele &
Mackay, 2001, p. 530) and the Marketing Science Institute declared customer loyalty
measurement and valuation as a top-tier priority topic of greatest interest
(Anonymous, 2002). Many studies provide the context for the research discussed in
this paper. Gremler and Brown (1996) conclude that the relationship between
satisfaction and loyalty has produced “mixed results” (p. 174), indicating that not all
studies found evidence for a convincing link between these two constructs. The bulk
of studies concur, however, that satisfaction is a leading factor in customer loyalty.
Another factor influencing loyalty is perceived service quality: Zeithaml, Berry, and
Parasuraman (1996) found strong evidence that behavioral intentions are influenced
by service quality.
In banking, the relationship between satisfaction and loyalty has been studied by
several authors with largely consistent results. For example Bloemer, Ruyter and
Peeters (1998) examined the relationship between service quality, satisfaction and
loyalty, and concluded that service quality has an indirect effect on loyalty via
satisfaction, and that satisfaction has a direct effect on loyalty. They recommended
that “further research is needed to gain additional insight into the explanation of
bank loyalty” (p. 283), arguing that loyalty in banking is especially difficult to define
and measure. In another study in retail banking, Hallowell (1996) found that
customer satisfaction could explain 37 percent of the difference in customer loyalty
levels. Satisfaction is usually defined as an attitude, and Baldinger and Rubinson
(1996, p. 30) examined the association between attitude and behavior and found that
“the stronger the attitudinal commitment …, the more likely consumers were to
remain loyal” and that “the relationship between attitude and behavior was predictive
of changes in market share” (p. 31). These findings were supported by Page and
Luding (2003).
There is thus good evidence for a relationship between customers’ attitudes and
intentions in banking. There is, however, less evidence of how attitudes and intentions
translate into actual behavior. For example, an early study in this field conducted by
Jain, Pinson, and Malhotra (1987) explored customers’ propensity to switch banks.
While the study’s results provide a good basis for hypothesis development, their Bank
Loyalty Index is based only on stated intentions, not on actual behavior. This type of
shortcoming is not uncommon in customer loyalty studies, where there has been
limited research into the predictors of actual banking behavior. Jones and Sasser
argued that SOW is the most important of these behavioral measures; “The ultimate
measure of loyalty, of course, is share of purchases in the category” (1995, p. 94), but
there has been surprisingly little research into the predictors of SOW by retail
customers. Keiningham et al. (2003) examined share of wallet in a business-tobusiness (B2B) setting and concluded that “currently there is very little empirical
research concerning the relationship between customer satisfaction and share-ofwallet” (p. 37). Their results suggest, at least in B2B, that the relationship between
customer satisfaction and SOW is nonlinear and that the greatest positive impact on
SOW occurs at the upper levels of satisfaction. In retail banking, Loveman (1998)
examined the relationship between employee satisfaction, customer loyalty and
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financial performance of the financial institution, and found evidence suggesting that
these variables are significantly associated with each other.
The literature thus shows evidence of a relationship between attitude, satisfaction
and loyalty, as measured by intentions. Furthermore, there is some evidence for
business customers that suggests an association between satisfaction and behavior.
Based on Day’s notion (1969) that loyalty has two dimensions, behavioral and
attitudinal, this study extends previous research and explores the extent to which
specific customer characteristics can predict actual behavior, as measured by SOW. In
order to do so, a model was developed based on Ajzen and Fishbein’s work (1977),
incorporating customer attitudes, satisfaction, the customer’s environment such as
family and friends (social norms) and situational factors (competing offers). Perceived
service quality was also included, based on the five SERVQUAL dimensions: tangibles,
reliability, responsiveness, assurance and empathy (Parasuraman, Zeithaml, & Berry,
1988). The study develops different SOW models for savings/investments and loans in
retail banking, since the magnitude and determinants of loyalty for investments and
deposits may be different from those of debts and loans. In the latter case, barriers to
exit are likely to be higher and create what has been called ‘spurious loyalty’ (Dick &
Basu, 1994).
This research seeks to model and predict customer loyalty in retail banking as
measured by SOW. In keeping with Kuhn’s suggestions (1970) that research evolution
needs to incorporate new variables that have not previously been included in testing
a model thereby extending existing models and knowledge, the study models
predictors of loyalty previously established in the literature (such as satisfaction and
perceived service quality), but also includes customer demographics, length of
relationship and current consumer behavior.

Methodology
The study is based on the results of a survey of 5,000 individuals obtained from a
commercial mailing list in Australia. A total of 1,951 usable responses were received,
which represents a 39 percent response rate (after returned mail). Females (61
percent) are over-weighted in the sample, reflecting the higher proportion in the
sample frame (63 percent females).
Principal component analyses were used for data reduction (Johnson & Wichern,
2002), which provided a single value for the multi-item constructs, following
Pritchard, Howard and Havitz’s (1992) suggestion that multidimensional
measurements are most appropriate for the attitudinal aspects of loyalty. Complete
information on all factors resulting from the data reduction process can be obtained
from the first author. As a result of the principal component analyses, factor scores for
each construct were calculated and then used in subsequent analyses. The resulting
variables were then used in regression analyses to model behavioral loyalty in terms of
SOW for deposits and debts and loans held with the main bank. SOW was reported by
respondents in quartiles, e.g. 0 to 25 percent of deposits held with the main bank.
Given the ordinal nature of the dependent variables (i.e. the quartiles indicating the
SOW in terms of deposits and debts and loans), ordinal logistic regressions were
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performed applying the backward deletion method (Derksen & Keselman, 1992; Hair,
Anderson, Tatham, & Black, 1998, p. 178) in order to develop the most parsimonious
models, based on their goodness of fit and explanatory power. Four separate models
were developed predicting SOW deposits; percentage of accounts from main bank;
SOW debts and loans; and percentage of credit cards from the main bank.

Results
The following two sections deal with retail banking behavior in terms of depositing
funds, while the two sections thereafter cover consumer behavior in terms of
borrowing money from the bank.
Predicting SOW deposits
SOW deposits was measured in terms of the percentage of the total financial
deposits such as savings accounts, shares and bonds a client holds with her/his bank.
A descriptive analysis of the data revealed that 695 (40 percent) customers held 0 to
25 percent of their deposits with their main bank, 217 (12 percent) customers held 26
to 50 percent, 246 (14 percent) held 51 to 75 percent and another 598 (34 percent)
held 76 to 100 percent of their deposits with their main bank. Therefore, nearly half
of the sample has their savings distributed between at least two banks. In contrast, 34
percent of customers hold nearly all of their deposits with one bank. Table 1 shows the
results of the ordinal logistic regression predicting SOW deposits.
Table 1: Predicting SOW deposits: Ordinal logistic regression

From the total of 1924 observations in this study, 1,756 were used for this
particular analysis; 168 cases contained missing values and were excluded from this
test. The goodness-of-fit tests indicated that there is no evidence of lack of model fit
(Pearson test: Chi-square = 3111.70, df = 3069, p = 0.291; Deviance test: Chi-square =
2746.03, df = 3069, p = 1.000). Moreover, the Log-Likelihood (-2155.020) test
indicated that there was sufficient evidence to conclude that at least one of the
estimated coefficients was different from zero (G = 141.116; df = 6, p < 0.001). A
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Goodman-Kruskal Gamma of 0.25 showed that 25% of the variation of SOW in terms
of deposits could be explained by the model.
Table 1 gives estimated coefficients, the standard error of the coefficients, p values
and probability values (odds ratio) for each of the predictor variables, indicating that
the following variables together predict SOW deposits: Number of current suppliers (p
<0.001), Age (p <0.001), Gender (p = 0.006) and Income (p = 0.018) are strong
predictors. There was a trend for a significant association between education and SOW
of deposits (p = 0.063). “Meet expectations” (p = 0.842) was not significantly
associated with SOW deposits and a separate bivariate analysis of “meet expectations”
and SOW deposits showed that the two variables are not associated (p = 0.698). In the
more powerful multivariate analysis, however, after allowing for the effect of the other
five factors, “meet expectations” was still not significantly associated with the
dependent variable, yet contributed to a substantially better model fit. Without this
independent variable, the goodness-of-fit test revealed a substantially weaker model fit
(Pearson test: Chi-square = 1473.74, df = 1375, p = 0.032; Deviance test: Chi-square =
1371.82, df = 1375, p = 0.519).
A correlation analysis also revealed that “overall satisfaction” and “meet
expectations” are very strongly correlated (Pearson correlation 0.877, p <0.001), and
the model was further tested including “overall satisfaction” and excluding “meet
expectations”, but the model did not pass the goodness-of-fit tests. As a result, a model
including only “meet expectations” was used. In the final model, the positive
coefficient for number of suppliers and an odds ratio of greater than one indicated
that, unsurprisingly, a higher number of suppliers tends to be associated with lower
SOW. Specifically, a one-unit increase in the number of current suppliers results in a
61 percent increase in the odds that SOW is 0 to 25 percent versus 75 to 100 percent,
that SOW is 25 to 50 percent versus 75 to 100 percent, and that SOW is 50 to 75
percent versus 75 to 100 percent.
Age was also positively and significantly associated with the dependent variable,
but the relationship between the two variables is more complex. The odds ratio of 1.14
for this second strongest predictor (β = 0.130, p < 0.001) indicated that, generally, a
high age would be associated with a lower SOW deposits. However, a bivariate analysis
of means further specified the non-linear relationship between age and SOW deposits
(p < 0.001). As can be seen in Figure 1, SOW rises at the very beginning (change from
below 18-year category to 18 to 24-year-olds), then declines with age up until the 55
to 64 years category, then increases again.
The results for gender are more clear-cut: SOW deposits were typically higher for
females than for males. The same applies to income, the next predictor, where the
coefficient and odds ratio revealed that an increase of one unit in income was associated
with a decrease in the odds of high SOW deposits (β = 0.073, p = 0.018, Odds ratio =
1.08). Similarly, customers with no university education had a significantly (p < 0.001)
higher level of SOW deposits than customers with a university degree. With a β of
0.189 and a p value of 0.063, education was found to have a trend for an association
with SOW deposits after allowing for the effect of all the other five predictors (from the
Ordinal Logistic Regression). The last predictor of this model, “meet expectations”, was
not significantly associated with the dependent variable and has been discussed above.
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Figure 1: Relationship Between Age and SOW Deposits

Predicting percentage of accounts with main bank
The number and percentage of accounts held with the main bank is also an
indication of a customer’s loyalty, although not as powerful as the previous one (SOW
deposits) where the actual spread of savings and investments in dollar terms was
examined. Arguably, however, the percentage of products used is more precise because
this is relatively easy for respondents to indicate, while SOW measures were only
indicated by respondents in quartiles (as opposed to actual number of products used
for the following analysis). A descriptive analysis of the data revealed that 137 (9
percent) customers held 26 to 50 percent of their accounts with their main bank, 395
(26 percent) customers held 51 to 75 percent, and another 993 (65 percent) held 76
to 100 percent of their accounts with their main bank. Furthermore, 25.8 percent of
customers were found to have only one bank account, 35.4 percent have only two,
19.7 percent have three bank accounts, and 18.3 percent have four or more bank
accounts. Hence, for a large majority of customers, one or two accounts with one bank
can represent a significant indicator of loyalty. Table 2 shows the results of the ordinal
logistic regression.
While demographic variables such as age, gender, income and education were
found to be strong predictors of SOW deposits, they were not found to be significantly
associated with the percentage of accounts used from a customer’s main bank. The
only exception was residential location, with customers in rural areas shown to have
a lower percentage of accounts with their main bank.
The number of current suppliers was the strongest predictor. Not surprisingly, the
more suppliers a customer has, the bigger the odds of a low percentage of accounts
with the main bank. This dimension, number of suppliers, was also tested with a longterm perspective, incorporating a customer’s ten-year consumer history. This
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independent variable was found to have a negative association with the dependent
variable, and the odds ratio of 0.76 suggested that a small number of suppliers within
the last ten years is associated with a higher percentage of accounts with the main
bank. Confidence in judgment, i.e. to what extent a customer feels their judgment of
their main bank is correct, was the third predictor. The odds ratio of greater than one
indicates that higher levels of confidence can be associated with a lower percentage of
accounts held with the main bank. Customers who believe that they understand the
market may be more likely to open an account with a competing financial institution
and likely to spread their savings/investments. Length of relationship with the main
bank was also found to be a significant predictor of the percentage of accounts held
with the main bank. An odds ratio smaller than one indicates that the longer the
relationship with the bank, the higher the percentage of accounts held with them.
Thus, customers who have been with their main bank for a long time tend to assign
them more accounts, and arguably also more money. In addition, switching benefits
has a trend association with the dependent variable (p = 0.068); the more a customer
believes that he or she could improve their situation by switching banks, the more he
or she seems to hold accounts not only with the main bank, but also maintain
accounts with several banks.
Table 2: Predicting Percentage of Accounts From Main Bank:
Ordinal Logistic Regression

Predicting SOW debts and loans
While the previous two models attempt to predict SOW in terms of deposits, the
following three models deal with loans in retail banking. The first, and arguably most
important dimension, is SOW debts and loans. This was measured in terms of the
percentage of debts and loans (in monetary terms), (e.g. mortgage, personal loans and
credit cards), that a client has with her or his bank. A descriptive analysis of the data
revealed that 548 (41 percent) customers held 0 to 25 percent of their debts and loans
with their main bank, 96 (7 percent) customers held 26 to 50 percent, 129 (10

86

Journal of Business and Management – Vol. 13, No. 1, 2007

percent) held 51 to 75 percent and another 551 (42 percent) held 76 to 100 percent of
their debts and loans with their main bank. Table 3 shows the results of the ordinal
logistic regression, and the predictors of SOW debts and loans.
Table 3: Predicting SOW Debts and Loans:
Ordinal Logistic Regression

The above model was also tested without “current suppliers” since it would be
more convenient for a bank to profile customers with potential solely based on
demographics. While the model fit indices improved, this resulted in the substantially
reduced explanatory power of the model (down to 19 percent as opposed to 25
percent). Consequently, since the goodness-of-fit indicators of the original model
(presented in Table 3) exceeded acceptable levels, yet explained a substantially bigger
proportion of the variance of SOW debts and loans (25 percent), “current suppliers”
was kept in the model.
Table 3 gives estimated coefficients, the standard error of the coefficients, p values
and probability values (odds ratio) for each of the predictor variables, indicating that
there are three significant predictors of SOW debts and loans. Two independent
variables showed a trend towards a significant association with the dependent variable.
The single strongest predictor of SOW debts and loans was the number of current
suppliers (p < 0.001), where, similar to SOW deposits, a higher number of suppliers
were associated with a lower SOW. The second strongest predictor of SOW debts and
loans was age (p < 0.001), where the positive coefficient (β = 0.222) and an odds ratio
of greater than one (1.25) indicated that a higher age tended to be associated with
lower SOW debts and loans. Income, the third strongest predictor of SOW debts and
loans, had a negative association with the dependent variable, indicating that an
increase in income is associated with an increase in SOW debts and loans. A graphical
analysis provides further insight into the relationship between the two variables as can
be seen in Figure 2.
There was a trend towards a significant association between residential location,
the fourth strongest predictor, and the dependent variable, where urban customers
appear to have a lower SOW with their main bank in comparison to counterparts in
rural areas. Empathy also only had a trend towards a significant association with SOW
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debts and loans (p = 0.092) with a Beta of 0.089 and an odds ratio of 1.09. Despite this,
empathy, together with all the other predictors, results in strong goodness-of-fit
indices, while the model without empathy did not pass the goodness-of-fit criteria
(Pearson test: Chi-square = 911.338, df = 812, p = 0.008; Deviance test: Chi-square =
813.277, df = 812, p = 0.481).
Figure 2: Relationship Between Income and SOW Debts and Loans

Predicting percentage of credit cards from main bank
The number and percentage of credit cards held with the main bank is also an
indication of a customer’s loyalty. A descriptive analysis of the data revealed that 31 (2
percent) of customers held 0 to 25 percent and 348 (27 percent) of customers held 26
to 50 percent of their credit cards (in terms of cards used) with their main bank. 232
(18%) customers held 51 to 75 percent, and another 693 (53 percent) held 76 to 100
percent of their credit cards with their main bank. Furthermore, 46.3 percent of
customers were found to have only one credit card (and 50.1 percent of customers
have that card from their main bank), 22.8 percent have two and only 12.9 percent
have three or more credit cards. 16.1 percent of bank customers in this sample have
no credit card at all. Hence, similar to the findings with deposits, for a large majority
of customers, one or two credit cards with one bank can represent a significant
indicator of loyalty. Table 4 shows the results of the ordinal logistic regression
predicting the percentage of credit cards used from a customer’s main bank.
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Table 4: Predicting Percentage of Credit Cards From Main Bank:
Ordinal Logistic Regression

The two strongest predictors were number of current suppliers (p < 0.001; odds
ratio 3.09) and length of relationship (p = 0.003; odds ratio 0.92). In the first case, the
more suppliers that a customer uses, the lower the SOW in terms of credit cards held
with the main bank. In the case of the second strongest predictor, length of relationship,
the association between the two variables is the opposite: the longer a client has been
with their main bank, the higher the proportion of credit cards that they have from their
main bank. Number of suppliers in ten years (p = 0.008; odds ratio 0.82) shows that the
more banks a customer has banked with in the past, the lower their SOW in terms of
credit cards from their main bank. The analysis of the independent variable “income”
revealed that the higher a customer’s income, the lower their SOW in terms of credit
cards from their main bank (p = 0.008; odds ratio 1.10). Interestingly, culture was also
a significant predictor of SOW credit cards. Australians and New Zealanders had a
higher SOW than other nationalities (p = 0.024; odds ratio 1.36).
Overview of key predictors of actual behavior in retail banking
Table 5 provides an overview of the previously discussed actual behavior models. The
predictors are sorted in alphabetical order.

Discussion
The study’s results provide interesting insights into the relationships between
demographic characteristics of a retail banking client and their SOW in terms of
deposits and debts and loans with their main bank. Demographic variables such as age,
income and residential location are significantly associated with SOW deposits and
SOW debts and loans (Table 5). This is an important finding for two reasons. First,
these predictors of behavioral loyalty are available for a bank to analyze, and hence
profile and detect customers with low to medium SOW. They can then be targeted for
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marketing action in order to potentially increase customers’ SOW. Secondly, these
findings run contrary to the prevailing marketing wisdom which suggests that
attitudinal measures are better predictors of behavior than demographics. Perhaps
more interesting, however, are the results for affective attitudes and service quality.
While the literature generally suggests that satisfaction, attitude and service quality
can be linked with loyalty, the results of this study indicate that these classic marketing
constructs are not significantly associated with actual behavior such as SOW in terms
of deposits or debts and loans in retail banking. For example, it was revealed that
satisfaction did not have a significant relationship in a bivariate analysis with SOW
deposits, (p value of 0.816 and 0.216 respectively for SOW debts and loans). A similar
result was obtained for attitude, in the bivariate analysis, where the association with
SOW deposits was non-significant (p = 0.714) and also non-significant (p = 0.140) in
terms of SOW debts and loans. Out of the five SERVQUAL dimensions, only empathy
was found to be significantly associated with SOW debts and loans, but none of the
SERVQUAL variables was found to be significantly associated with actual behavior in
terms of deposits.
Table 5: Overview of Key Predictors of Actual Behavior in Retail Banking

1 Not significant, but contributes to power of overall model (i.e. explanatory
power and/or model fit).

The number of current suppliers was found to be the key predictor of behavior,
both for deposits and loans. While not surprising, this may still be helpful for
practitioners in the field. It is relatively easy for banks to estimate a client’s number of
suppliers (e.g. during conversations with the client about their investments or when
analyzing a client’s money stream when making electronic payments), but it is more
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difficult to estimate the actual SOW held with the bank. Hence, since the link between
these two dimensions was empirically supported by this study, bankers can estimate
the SOW based on the number of current suppliers. Beyond estimating SOW, banks
could also give consideration to implementing incentives such as differential fee
structures based around SOW. Another strong predictor of deposit and loan behavior
was the length of relationship. This independent variable was significantly associated
with percentage of accounts and percentage of credit cards used by the main bank.
Confidence in judgment was a significant predictor of percentage of accounts used
from the main bank (Table 5).
Demographic variables were found to be strong predictors of actual behavior. In
particular, there was a strong association between age and SOW deposits (Figure 1).
The results suggest that customers in their late-forties to mid-seventies spread their
banking business. However, in their retirement (age bracket 75 plus), customers seem
to increase their SOW. Gender, from Table 1, was also a significant predictor of SOW
deposits. According to this study’s results, females appear to be more loyal in terms of
SOW with their main bank. Jain et al. (1987) concluded from the findings of previous
studies that loyal bank customers are older and have a lower level of education and
lower income. This study’s findings support these conclusions (from Tables 1 and 3):
the relationship between age and SOW deposits is complex, as discussed, yet is more
clear-cut in terms of SOW debts and loans where SOW decreases for older customer
segments. Education was significantly associated with SOW deposits (Table 1), as
SOW was higher for customers without a university education. However, education
was not found to be significantly associated with SOW debts and loans or any other
dependent variable. In addition, income was found to be significantly associated with
SOW in that SOW of deposits declines with an increase in income (Table 1), as does
the percentage of credit cards held with the main bank (from Table 4). In contrast,
SOW for debts and loans rises with an increase of income (from Figure 2). Another
predictor of SOW is the number of banks a client has banked with in the last ten years
(Tables 2 & 4) as well as a customer’s residential location. Customers in rural areas
have a significantly lower percentage of their accounts with their main bank, but have
higher SOW in terms of debts and loans with their main bank. However, residential
location was not significantly associated with SOW deposits. In most cases, customers
in urban areas have a greater choice of banks available to them and hence seem to
spread their debts and loans among more banks. Nonetheless, it remains unclear why
customers in rural areas have a lower percentage of their accounts with their main
bank. Urban customers may be more affluent and hence have a different banking
behavior and different financial needs in comparison to their counterparts in rural
areas. In fact, based on the data of this study, the income situation is indeed
significantly different for customers in rural areas than the ones in the urban areas (p
= 0.001).
The prediction of SOW debts and loans (Table 3) revealed two additional predictors
that were not found to be significant for SOW deposits (from Table 1): residential
location and empathy. For empathy, although one would expect a positive correlation
(and the results showed a trend towards a significant association with the dependent
variable in the ordinal logistic regression analysis), a bivariate analysis of means revealed
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no significant differences (p = 0.472). Empathy is difficult to accurately measure over
time, however, and the demographic variables that predicted SOW are much easier to
collect and use in predicting SOW. The fact that empathy is important for loans, but not
for deposits, is, on reflection, perhaps not surprising. Customers depositing funds are not
usually in a dependent relationship with their banks and they are frequently free to move
their surplus funds around in pursuit of higher returns. In contrast, customers seeking
to borrow money are more likely to be in a dependent relationship with their banks and
bankers, and thus, empathy is more likely to be important.
Self-stated cultural background, regardless of a customer’s citizenship, is a
significant predictor of the percentage of credit cards used from the main bank and is
in many cases also relatively easy for a bank to determine. In order to be able to open
a bank account, a new customer has to present several pieces of identification, which
can sometimes reveal a client’s origin to the bank. Interestingly, Australians and New
Zealanders have a higher level of percentage of their credit cards from their main bank,
suggesting higher levels of loyalty in this respect. Survey respondents from other
countries, such as those from the more competitive Asian markets, had lower
percentages of their credit cards from their main bank. Perhaps their exposure to more
competitive banking environments where it may be more common to shop around in
order to get the best deal led them to check the credit card market with many
competing products and choose products from providers other than their main bank.
Jain et al. (1987) who measured and defined loyalty in terms of behavioral
intentions, found that the relationship between socio-demographic characteristics and
loyalty was statistically significant, but only explained 13 percent of the variation in
behavioral intentions. In this study, where actual behavior was measured and modeled,
approximately 25 percent of the variation in SOW and 27 to 65 percent in terms of
percentage of products used could be explained. Compared to Jain’s results, this level of
predictive power is very high, especially since behavioral models typically have lower
explanatory power than models of behavioral intentions. The unexplained 75 percent
for SOW in this study may be influenced by external structural factors that are outside
the current model, for example business connections, geographic availability or
convenience. The challenge for bankers is to identify the attitudinal and non-attitudinal
or structural factors and to better work with these known and measurable factors.
Implications for Bankers
The results from Table 1 indicate that, as expected, a higher number of suppliers
tend to be associated with lower SOW deposits. The average SOW for customers with
only one bank was 70 percent in terms of SOW deposits, compared with
approximately 45 percent for customers with six banks. Since banks are able to analyze
the flow of money to and from accounts held with them, they should be able to detect
clients that bank with another bank, and these clients could become a target for
promotional action. For example, these customers could be offered cost-neutral
switching of their banking businesses and possibly a monetary incentive to consolidate
accounts. It is then relatively simple for the bank to verify in the future whether the
client still banks with another bank (i.e. are there still money transfers in the same
name to another bank?
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Age was the second strongest predictor (β = 0.130, p < 0.001) of SOW deposits
(from Table 1) and has a non-linear relationship with the dependent variable (Figure
1). SOW rises from the youngest age group (below 18 years), then declines with age
after 24 years up until the 55 to 64 years category, then increases again. It appears that
customers between the ages of 55 to 64 years increasingly spread their banking
business as they become older and in most cases increase their income and/or wealth.
It is possible that, as customers accumulate banking experience, they begin to use
several banks in order to improve their financial situation, by comparing the results
(e.g. financial performance of investments) and/or using more than one bank to
decrease perceived risk. At the retirement stage, however, customers seem to increase
their SOW, possibly in order to simplify their financial dealings and to consolidate
their banking business. This finding suggests that banks should target customers in
the 25 to 54 years age bracket, especially those in their late twenties and early thirties.
It appears that this is the time period when customers start spreading their deposits
and decrease the SOW with their main bank, possibly because their income increases.
If banks can provide good service quality and attractive products to this segment, these
customers may be less inclined to spread their investments. A further possibility is that
customers may spread their deposit business around as they pursue more attractive
loans, especially in their formative adult years. As their loan needs decrease, they may
feel less pressure or need to spread their deposits and investments and may feel better
served by consolidating investments and minimizing bank charges.
The results presented in Table 1 showed that gender was significantly associated
with SOW deposits. SOW deposits were significantly higher for females than for
males. These findings have two implications for banks: 1) Banks might focus their
strategy for female clients to maintain these relatively high SOW levels with females
and 2) in contrast, they could aim to increase the SOW of their male clients. The
study’s findings also suggest that SOW deposits are significantly lower for clients with
higher incomes. This is an important finding for bankers, as this higher-income
bracket is an attractive target for cross selling such as stock trading and credit cards.
The results suggest that customers with a higher income will generally only have a
certain proportion of their business with their main bank, and there is thus potential
to increase their SOW if these customers are offered the right products and services.
While “high net worth” individuals are obviously attractive targets for banks, the
evidence of this study is that they may well resist such approaches and may prefer to
spread their business among several providers. Similarly, customers with no university
education had a significantly higher level of SOW deposits than customers with a
university degree (p < 0.001). There was also a trend towards a significant association
between education and SOW deposits (p = 0.063). Meeting a client’s expectations,
although not significantly associated with SOW deposits, appears to also play an
important role in this model as the variable was needed in order to achieve a good
model fit. Again, this is not surprising in that loans are typically much more flexible
and negotiable than deposits and investments which carry fixed terms and conditions.
The single strongest predictor of SOW debts and loans (from Table 3) was the
number of current suppliers (p < 0.001), where, as with SOW deposits, a higher
number of suppliers was associated with a lower SOW. The implications for bankers
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are similar to those for deposits: bankers have to make themselves more attractive as
the sole provider of banking services, for example through offering more attractive
conditions if a customer consolidates accounts with one bank. The second strongest
predictor of SOW debts and loans was age (p <0.001), with customers at a higher age
tending to have lower SOW debts and loans (Table 3), which echoes the celebrated
‘Life Cycle’ hypothesized by Modigliani (1986) for which he won the Nobel Prize in
1985. Perhaps retired clients fear that they are no longer credit-worthy and hence seek
debts and loans (in smaller amounts) from more than one institution. Income, the
third strongest predictor of SOW debts and loans (from Table 3), had a negative
association with the dependent variable, indicating that an increase in income is
associated with an increase in SOW debts and loans. Unlike the relationship between
income and SOW deposits, where banks should pay more attention to the midtwenties and thirties age bracket, the current situation is in favor of banks since
customers with a higher income already have a higher SOW in terms of their
borrowings. This may be because the more security they can provide as a guarantee for
their debts and loans, the more attractive the conditions (such as interest rates or fees)
that are offered by the bank and hence the higher the SOW. However it would still be
attractive for bankers to attempt to increase the SOW of these customers and
potentially receive all of the debts and loans (e.g. mortgage, personal loans and credit
cards) of the high-income earning customers. This is especially true since this segment
may be less prone to run into solvency problems and be unable to pay interest, fees or
amortization portions.
Implications for researchers
From a researcher’s perspective, the predictors of actual behavior are still an underresearched field. The results of this current study suggest that demographic variables
such as age, income, residential location, gender, culture and education have been
found to be significantly associated with actual behavior in retail banking (Table 5).
While the literature generally suggests that satisfaction, attitude and service quality are
associated with loyalty, the results of this current study suggest that these classic
marketing constructs are less strongly associated with actual behavior in retail banking
than demographics.
Satisfaction was not significantly associated with SOW deposits (p = 0.816); nor
with SOW debts and loans (p = 0.216) in a bivariate analysis. A similar result was
found with attitude that was not significantly associated with SOW deposits (p =
0.714) nor SOW debts and loans (p = 0.140) in a bivariate analysis. Out of five
SERVQUAL dimensions (i.e. tangibles, reliability, responsiveness, assurance and
empathy) only empathy was significantly associated with SOW debts and loans. None
of the SERVQUAL variables was found to be significantly associated with the other
behavioral dependent variables. Further research could investigate why these widely
used marketing constructs do not predict actual behavior in retail banking.
Researchers could also investigate more closely the relationship between income
and SOW. In this study, income was significantly associated with SOW deposits and
debts and loans, and also with the percentage of credit cards used from the main bank.
However the nature of the relationship varied; SOW for deposits and credit cards used
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from the main bank was lower for clients with higher income, but SOW debts and
loans was higher for clients with higher incomes. The reasons behind these varying
relationships between income and SOW could be further analyzed by researchers. As
a working hypothesis, it could be surmised that those on higher incomes develop
closer relationship with their banks and bankers by consolidating their borrowings to
maximize their negotiating power. More generally, the lack of symmetry in findings
between loans and deposits, while perhaps unsurprising, suggests more complex
behavioral explanations.

Conclusion
This current study finds that models predicting 25 to 65 percent of actual behavior
in banking can be developed. Prediction of actual behavior, as estimated by share of
wallet of dollar value and product usage, can be predicted by customer demographics.
Another important finding from this study is that satisfaction, attitude and service
quality do not seem to significantly predict actual behavior in retail banking.
The key conclusion of this study is that bankers may benefit from profiling customers
with potential for growth in SOW possibly by targeting them specifically with tailormade products and services. The results of this study provide valuable guidelines for
segmentation criteria. For example a typical client with potential to increase share of
wallet is male, aged 35 to 65 years, has a high income and a university degree.
In recent times Australian banks have been said to focus on improving their
customer service by re-opening previously closed branches due to losses to mortgage
brokers and training their staff in cross-selling (Anonymous, 2005a, 2005b; Hughes,
2004; Kohler, 2004). While these actions do not seem to be out of place, one could
argue that, based on this study’s findings, activities could be focused on targeting
customers with a profile that promises growth. For example, customers in rural areas
appear to already have a higher SOW for debts and loans than urban customers, but
SOW deposits and residential location were not found to be significantly associated
with each other. Therefore, re-opening branches in rural areas might not lead to a
success in increasing SOW deposits, but it may be more justifiable in urban areas
where competition is more intense and customers are more “footloose”.
The results of this study provide insight into the prediction of SOW in retail
banking. First, the results suggest that researchers should not only focus on
satisfaction, attitude and service quality when attempting to predict actual consumer
behavior, but should include socio-demographic characteristics in predictive models.
Socio-demographic characteristics were found to have higher explanatory power than
attitude measures, and are also measures typically known by the banks, and so
relatively easily included in predictive models. This study does not suggest that
satisfaction is not important in retail banking, but it does suggest that in order to
predict actual behavior, researchers need to go beyond attitude measures. Given that
attitude and satisfaction were not found to be significant predictors of actual behavior
in this study, bankers are encouraged to think beyond the attitude–behavior
explanation model and instead focus on explaining and predicting consumer behavior
based on a client’s life situation and environment.
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A key contribution of this study is its focus on actual behavior rather than
behavioral intentions. Prediction of intentions is only of relevance to practitioners if
intentions lead to actual behavior, a link that has been questioned in the literature.
Hence, focusing directly on actual behavior as the dependent variable should be a
timely addition to the consumer behavior literature. One could conclude that
customers are loyal as a result of their current life situations (e.g. age and income)
rather than resulting from a positive attitude towards their bank. If the latter were the
case, attitude would have been found to be significantly associated with SOW in this
study, which was clearly not the finding. Researchers are encouraged to explore the
unexplained proportions of variation in actual behavior, e.g. 35 percent in the
variation of percentage of accounts used from the main bank.
In summary, the study finds that a model predicting actual behavior in banking
with acceptable Goodman-Kruskal Gammas can be developed. Satisfaction and
attitude, strongly established in the marketing literature to be predictors of behavioral
intentions, were not significant predictors of actual behavior in this research. Based on
the results of this study, the key measure of interest for managers and researchers,
actual behavior, can be best predicted by using demographic variables.
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