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Abstract
The choice of performance measures is critical to formulating strategies. This paper investigates the relationship among corporate
strategies, environmental forces, and the Balanced Scorecard (BSC) performance measures. Corporate strategies are explored within the
framework of Miles and Snow’s taxonomy, where they are categorized into prospectors, defenders, analyzers, and reactors. The relative
weights for each performance measure are calculated by the use of the Analytic Hierarchy Process. A sample of 219 companies can
confirm the link between corporate strategies, environmental forces, and the weights of the BSC performance measures. These weights
shift depending on the nature of challenges companies face. In the light of this empirical evidence, a decision support system is
proposed to help retrieve the BSC weights of the companies with similar characteristics. In order to measure the proximity between
companies, a k-nearest neighbor technique is employed. This system can help find the weights of the performance measures for
particular strategies.
q 2003 Elsevier Ltd. All rights reserved.
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1. Introduction
Companies are shaped by their performance measure.
Performance measures play a critical role in formulating
corporate strategies, evaluating accomplishments, and
compensating organizational members. Traditional
performance measures are financial. They tend to be myopic
and short-term oriented. The financial aspect is only a part
of the whole system of a firm. Companies need to leverage
their hidden assets. In particular, knowledge is becoming
more important in the new economy. Knowledge is
non-financial and intangible. Therefore, non-financial
measures have been employed to measure such knowledge
assets (Dekker & de Hoog, 2000; Kitts, Edvinsson, &
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Beding, 2001; Lee, Kwak, & Han, 1995; Liebowitz &
Wright, 1999; Wilkins, van Wegen, & de Hoog, 1997).
The need for measuring knowledge components has
motivated the need for a variety of performance measurement methods. The Balanced Scorecard (BSC) is one of
them. The BSC attempts to integrate all the interests of the
key stakeholders—shareholders, customers, and employees,
on a scoreboard (Kaplan & Norton, 1996). The beauty of the
BSC is that it seeks for a balance between financial and
non-financial measures. These diverse interests are categorized into financial, customer, internal business process, and
innovation and learning measures.
Companies have to determine the relative importance
(i.e. weights) of BSC measures so that they can better
identify which measures to focus on and which to ignore.
These weights can shift depending on the nature of
challenges companies face. However, relatively little is
known about how to determine the weights. The weights
allotted to particular measures are likely to differ according
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to corporate strategies. For example, prospectors may differ
from defenders in determining the weights of performance
measures. Furthermore, because companies are thriving in
different environments, the weights need to accommodate
the potential of environmental variables, such as dynamism,
heterogeneity, and hostility (Miller & Friesen, 1983).
Recently, several articles admit that, to enhance
performance, the strategy pursued by the organization
needs to fit into the organizational structure and its
evaluation systems (Stathakopoulos, 1998). Olson and
Slater (2002), in particular, echo that corporate strategies
are linked to the relative importance of the BSC
performance measures.
This paper addresses the following research issues: (i)
What is the effect of corporate strategic choices on the
weighting of the BSC performance measures? (ii) What are
the important environmental variables in determining
these weights? (iii) What is the potential capability of the
k-nearest neighbor technique in measuring the weights of
performance measures? (iv) How does our proposed
weighting decision support system work?
The rest of this paper is organized as follows: The next
section reviews the BSC and the related corporate variables
such as strategy, dynamism, and heterogeneity. Section 3
describes measurements including the weighting method.
Section 4 analyzes empirical results to explore how the
weights of the BSC performance measures vary depending
on strategy, dynamism, and heterogeneity. Sections 5 and 6
explore a system for finding the weights among the BSC
measures. Section 7 concludes the paper and suggests areas
for further research.

2. Balanced scorecard, corporate strategies,
and environmental variables
2.1. Balanced scorecard
A great deal of research has investigated on how to
remedy weaknesses that underlies most traditional
financial performance measurement systems (Bontis,
1998; Edvinsson & Malone, 1997; Kaplan & Norton,
1992; Liebowitz & Suen, 2000; Sveiby, 1997). Examples
for new measurement systems include human resource
accounting (HRA), economic value added (EVA), BSC,
and intellectual capital (IC). Kaplan and Norton (1992)
originally proposed the BSC as an integrated performance measurement framework that helps firms articulate,
communicate, and translate strategy into action.
According to Kaplan and Norton, the BSC enables
managers to look at the business from the four
perspectives in a balanced fashion: (i) The financial
perspective addresses the question, “To succeed financially, how should we appear to our shareholders?” (ii)
The customer perspective addresses the question, “To
achieve our vision, how should we appear to our

customers?” (iii) The internal process perspective
addresses the question, “To satisfy our shareholders and
customers, at what business processes must we excel?”
(iv) Finally, the learning/growth perspective addresses the
question, “To achieve our vision, how will we sustain our
ability to change and improve?” The scorecard takes into
account key performance measures that go beyond
financial matters to consider employees, customers, and
internal operations.
2.2. Balanced scorecard and corporate strategies
The usefulness of the BSC can be enhanced by
aligning its scorecard with corporate strategies. The
taxonomy by Miles and Snow (1978) is widely used for
categorizing corporate strategies. This category includes
four strategies: defenders, prospectors, analyzers, and
reactors.
Defenders tend to maintain a secured niche position in
a relatively stable product or service sector. They are
likely to provide a relatively more limited product mix
than their competitors, while they are seldom pioneers in
development and thus less likely to make ambitious
efforts at market penetration. They thus emphasize
operational efficiency and seldom attempt to make key
changes in technology, organizational structure, or operational method. Instead, they invest in a few pivotal
technologies.
In contrast, prospectors tend to work in a variety of
product and market sectors; they continue to look for market
opportunities and carry out regular searches for any new
trends. They react quickly to the suggested opportunities
and lead to new fields of exploitation. However, they may
not be able to maintain their competitive domination in all
the fields that they have penetrated; prospectors put their
emphasis on flexibility and innovation, but this tendency
may cause a lack of control or low efficiency in operation
(Mavondo, 2000).
Defenders are likely to put more emphasis on the
perspectives of financial and internal process than
prospectors (Lukas, 1999; Chan, Burns, & Yung, 2000).
Because their businesses are relatively narrow and stable,
they are inactive in the exploring of a new market, i.e.
their emphasis on the customer and learning/growth
perspectives is lower (Ko, Kincade, & Brown, 2000). In
contrast, prospectors tend to put more emphasis on the
customer and learning/growth perspectives (Woodside,
Sullivan, & Trappey, 1999; Conant, Mokwa, & Varadarajan, 1990).
Analyzers are positioned between the two extremes
(defenders and prospectors); they tend to employ both
strategies, seeking to maximize opportunities for profit and
minimize risk. Analyzers observe the first mover cautiously
in order to penetrate into the market with high cost
efficiency as the second movers. They neither avoid changes
as defenders nor lead these changes as prospectors, but they
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attempt to keep both strategies in balance (Miles & Snow,
1978; Mavondo, 2000; Sabherwal & Chan, 2001; Slater &
Olson, 2001). Analyzers are likely to place higher weights
on the perspectives of financial and internal process than
prospectors. However, they place lower weights on the
perspectives of financial and internal process than defenders
(Sabherwal & Chan, 2001).
Reactors fail to show a consistent posture (Ko et al.,
2000); they are neither aggressive even in a stable market
nor positive in taking risks. They are not capable of
responding, either passively or effectively, to market sectors
experiencing environmental strains (Miles & Snow, 1978;
Mavondo, 2000). Unlike other strategic types, reactors do
not appear to have a consistent product-market orientation.
They do not stress the perspectives of customer and
learning/growth and are unable to carry out a
successful activity (Verhallen, Frambach, & Prabhu,
1998). Reactors have no alternative but to highlight the
financial perspective in order to sustain their survival. For a
summary of these four strategies, refer to Appendix 1.
2.3. Balanced scorecard and environmental variables
Miller and Friesen (1983) investigate the relationship
between a firm’s strategy-making and environmental
variables. Parnell, Lester, and Menefee (2000) note that
strategy is formulated as a response to management
uncertainties about competitors, customers, and the
environment; they suggest that a company’s strategy should
fit with the business environment. Companies need to design
performance measurement systems adequate to cope with
environmental changes.
Environmental variables may have a moderating effect
on a firm’s performance; we attempt to check if the BSC
performance weights are influenced by environmental
characteristics. Three environmental variables are
considered. Dynamism (often called uncertainty) means
the rate of change and innovation in the industry as well as
the uncertainty or unpredictability of the actions of
competitors and customers (Lawrence & Lorsch, 1967).
Heterogeneity (or complexity) encompasses variations
among the firm’s markets that require diversity in
production and marketing orientations (Khandwalla, 1972;
Porter, 1980). Hostility represents the degree of threat to the
firm posed by the multifacetedness, vigor and intensity of the
competition, and the fluctuations of the firm’s principal
industry (Miller & Friesen, 1978).
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and Norton’s original measures. Table 1 summarizes the
BSC performance measures employed for our study.
These BSC measures consist of four major measures and
twenty sub-measures, five by each major measure.
For example, the financial measures include revenue growth,
investment, profitability, asset utilization, and unit cost. In
particular, a measure called “knowledge sharing” is included
for the learning/growth perspective (Liebowitz & Suen, 2000;
Sohn, Park, & Lee, 2001; Sohn Park, Yoon, & Lee, 2001).
3.2. Calculation of weights for BSC measures
The relative weights for each performance measure can
be calculated using the Analytic Hierarchy Process (AHP)
(Saaty, 1980, 1982, 1990). The AHP can compute the
weights of performance measures on the basis of two
stepwise questions. First, six questions are asked for
comparing (pairwise) the major BSC measures (financial,
customer, internal process, and learning/growth).
Subsequently, ten questions are asked to compare (pairwise)
the five sub-performance measures under each major
measure (Saaty & Vargas, 1994).
The AHP converts the pairwise comparisons into the
weights. The computational procedure can be supported by
a tool like Expert Choice 2000 (Expert Choice, Inc., 2000).
The AHP constructs a set of pairwise comparisons as a
square matrix A as follows:
3
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where aij is a relative value with respect to factor j of
i; aij ¼ 1=aji and aii ¼ 1:
To verify the level of logical inconsistency of matrix A;
the consistency index (CI) is calculated. lmax is the largest
eigenvalue of matrix A: Saaty (1980) defines the consistent
index as CI ¼ ðlmax 2 nÞ=ðn 2 1Þ and uses the consistency
ratio (CR), which is the CI divided by the average random
index from the empirical data. If the value of CR is less than
0.1, it is typically considered acceptable; larger values
require the decision-maker to reduce the inconsistencies by
revising judgments.

4. Empirical exploration
3. Measurements

4.1. Variables

3.1. BSC performance measures

Our study investigates two types of variables: One is the
corporate strategy which includes prospectors, defenders,
analyzers, and reactors, and the other is the environmental
variable which includes dynamism, heterogeneity,
and hostility. Corporate strategic types are determined by

The BSC measures were selected through a complete
survey of relevant literature. As a result, the measures
adopted can be considered as a revision of Kaplan
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Table 1
Proposed BSC Measures
Perspective

Measure

Reference

Financial

Revenue growth

Chow, Haddad, & Williamson, 1997; Lipe & Salterio, 2000; Mendoza &
Zrihen, 2001; Najmi & Kehoe, 2001; Norreklit, 2000; Stewart, 2001
Bach, Calais, & Calais, 2001; Denton & White, 2000; Edvinsson & Malone,
1997
Drew, 1997; Edvinsson & Malone, 1997; Hoffecker & Goldenberg, 1994;
Johnson, 1998; Norreklit, 2000
Alan, Letza, & Neale, 1997; Denton & White, 2000; Edvinsson & Malone,
1997
Epstein & Manzoni, 1998; Johnson, 1998; Norreklit, 2000; Tsang, 1999;
Ziegenfuss, 2000

Investment
Profitability
Asset utilization
Unit cost
Customer

Customer profitability
Customer Acquisition
Customer retention
Customer satisfaction
Market share

Internal process

Product/service development
Market identification
Customer management
Operation process
Environment

Learning and growth

Skill
Knowledge sharing
IT infrastructure
IT applications
Organizational culture

the use of the paragraph method (Snow & Hambrick, 1980).
This method has been widely used for strategy related
research (Snow & Hambrick, 1980; Harrigan, 1983; Huber
& Power, 1985).
We employ the methods of Miller (1987) and Teo and
King (1997) to measure the three environmental variables.
A multiple-item method is adopted to construct
the questionnaires for corporate performance and
environmental variables. Each item is based on a five
point Likert scale from ‘very low’ to ‘very high’.
Likert scales as generally used tend to underestimate the
extreme positions (Albaum, 1997).
4.2. Sample
In order to find the effects of the above variables on the
weighting of performance measures, data was collected in

Johnson, 1998; Saint-onge, 1996; Wachtel, Hartford, & Hughes, 1999;
Ziegenfuss, 2000
Deshpande, Farley, & Webster, 1993; Guthrie, 2001; Mendoza & Zrihen,
2001; Norreklit, 2000; Saint-onge, 1996; Tsang, 1999
Edvinsson & Malone, 1997; Guthrie, 2001; Petty & Guthrie, 2000; Roos &
Roos, 1997
Mendoza & Zrihen, 2001; Payne, Holt, & Frow, 2000; Saint-Onge, 1996;
Stewart, 2001; Sveiby, 1997; Tsang, 1999; Ziegenfuss, 2000
Najmi & Kehoe, 2001; Norreklit, 2000; Stewart, 2001; Sveiby, 1997
Guthrie, 2001; Hall, 1992; Harvey & Lusch, 1999; Liebowitz & Suen,
2000; Martinsons et al., 1999; Tsang, 1999; Ziegenfuss, 2000
Denton & White, 2000; Kaplan & Norton, 1996
Edvinsson & Malone, 1997; Guthrie, 2001; Lipe & Salterio, 2000;
Norreklit, 2000
Hall, 1992; Johnson, 1998; Norreklit, 2000; Roos & Roos, 1997; Tsang,
1999; Walker, 1996; Ziegenfuss, 2000
Johnson, 1998; Kaplan & Norton, 2001; Stewart, 2001; Walker, 1996
Harvey & Lusch, 1999; Johnson, 1998; Kaplan & Norton, 1996; Lipe &
Salterio, 2000; Martinsons et al., 1999; Rahman, 2001
Liebowitz & Suen, 2000; Martinsons et al., 1999; Mayo, 2000; Norreklit,
2000; Payne et al., 2000; Petty & Guthrie, 2000
Edvinsson & Malone, 1997; Kaplan & Norton, 1996; Roos & Roos, 1997;
Sveiby, 1997
Alan et al, 1997; Kaplan & Norton, 1996; Lipe & Salterio, 2000;
Martinsons et al., 1999; Norreklit, 2000
Deshpande et al., 1993; Lipe & Salterio, 2000; Rubenstein-Montano,
Buchwalter, & Liebowitz, 2001; Saint-onge, 1996; Stewart, 2001; Tsang,
1999

the form of a field survey. A survey was made for
a sample of randomly selected Korean companies (with
30 regular employees or more, as of May, 2001) listed in
the Annual Corporation Reports (Jang, 2001). The
company is a unit of analysis because a single company
can provide a set of questionnaires (for the details of the
questionnaires, see Appendix 2). The survey was conducted during the period of Sep. 1 through Dec. 31, 2001.
Assistant researchers distributed questionnaires with postage-paid and self-addressed envelopes to high-level
managers (including directors and CEOs) of six hundred
firms. These managers in charge of corporate strategy
have a good understanding of the internal/external
environment of the business. Prior notice by phone or email was made before survey form was delivered. In cases
of delayed responses, respondents were asked to participate in the survey via repeated or prearranged contacts
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(Total Design Method; Frankfort-Nachmias & Nachmias,
2000). Questionnaires were collected directly by our
researchers or mailed to us at the respondents’ own
option.
Of the 600 companies contacted, 278 responded; the
response rate is 46.3%. Of these 278 respondents, 266 of
the respondents completed questionnaires. The CR was
computed to verify respondents’ degree of consistency.
Two hundred and nineteen companies, the CR of which
was lower than 0.1, were finally chosen for further
analysis (Saaty, 1982; 1990). Consequently, 36.5% of the
total sample was used in our analysis. In order to
check whether the sample is homogeneous between
non-respondents and respondents, we compared firm
sizes between the two groups. The number of employees
was used as a proxy of firm size. Using the t-test, we
verified that there is no significant difference between the
two groups at a conventional level. The sample
characteristics are summarized with respect to industry,
number of employees, and respondents’ title as shown in
Table 2.

283

4.3. Analysis result
The Cronbach Alpha was used to assess the reliability of
the measures. As shown in Appendix 3, reliability
coefficients are found to be acceptable for all measures,
ranging from 0.707 to 0.906. The multivariate analysis
(MANOVA) and the Fisher’s LSD (least significant
difference) procedure are employed for testing the
differences between a pair of corporate strategic types
(Hair et al., 1998; Slater and Olson, 2001). The MANOVA
procedure is recommended when dependent variables are
correlated. The Bartlett’s test of sphericity is employed to
determine whether dependent variables covary or not.
The Bartlett’s test procedure checks if the correlation
matrix is an identity matrix (Cooley & Lohnes, 1971).
We note the sufficient evidence of correlation among
dependent variables; i.e. the use of MANOVA procedure
is justified.
Table 3 presents a summary of test results on the question
of whether or not the mean vectors of the BSC weights are
equal among the categories for particular variables.

Table 2
Sample Characteristics
Industry type

Number of firms

Strategy
Defender

,Panel A . Industry type
Mining/construction/petroleum/agriculture
Manufacturer
Public utilities/non-profit organization
Wholesale/retail/distribution
Financial and business services
Computer/communication
Others
Total
, Panel B . Number of employees

22
63
14
22
29
68
1
219

Range
Less than 100
100–500
500–5000
5000 and above
Total
, Panel C . Years employed

Number of firms
89
62
43
25
219

Years employed
Less than 5
5–10
10 and above
Total
, Panel D . Title

Number
74
76
69
219

Title
Manager
Director
CEO
Total

Number
101
64
54
219

10
9
13
4
7
9
1
53
Percent (%)
40.6
28.4
19.6
11.4
100.0

Prospector

Analyzer

Reactor

2
19
1
6
10
31
0
69

5
24
0
8
7
21
0
65

5
11
0
4
5
7
0
32
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Table 3
Overall MANOVA test results
Variable

Value
(Wilks’ Lambda)

F

Hypothesis degree
of freedom

Error degree
of freedom

Significance

Strategy
Dynamic
Heterogeneity
Hostility

0.840
0.931
0.858
0.977

4.291
2.577
5.660
0.827

9
6
6
6

518.537
428.000
428.000
428.000

0.000***
0.018**
0.000***
0.687

* * * : p , 0:01; * * : p , 0:05:

The variable ‘strategy’ is classified into four categories,
while environmental variables are classified into three.
The MANOVA procedure is adopted for the four variables:
strategy, dynamism, heterogeneity, and hostility.
These variables are analyzed based on the four major
measures. The MANOVA statistic, Wilks’ Lambda, states
that the mean vectors of the BSC weights are equal with
respect to strategy, dynamism, and heterogeneity, but not
for hostility. Our study measures hostility through the extent
of key competitors’ unpredictable and hostile activities.
Our result implies that the companies tend not to adjust

the BSC weights in view of key competitors’ hostile
activities. Therefore, we decided to ignore hostility variable
in the further analysis.
A further detailed analysis is performed on the
significant variables: strategy, dynamism, and heterogeneity. Panel A of Table 4 shows the results from the test on
the null hypothesis that each perspective has the same
mean weight across the corporate strategies. This test
checks if different strategy types lead to different weights.
The pairwise test results can be summarized as follows:
First, defenders place higher weights on the perspectives

Table 4
Test on Differences in Mean Weights across Variables
Weight of the BSC
measures

Mean of the weight
by corporate strategy

F

Significance

Result of LSD test
ðp , 0:05Þ

6.877
3.546
3.331
5.233

0.000***
0.015**
0.020**
0.002***

D . P; D . A; A . P; R . P
P . D; P . A; P . R
D . P; D . A
P . D; P . R; A . D; A . R

Defender (D) Prospector (P) Analyzer (A) Reactor (R)
,Panel A . Strategy
Financial
0.398
Customer
0.233
Internal process
0.128
Learning and growth 0.242

0.279
0.307
0.086
0.327

0.337
0.241
0.092
0.330

0.403
0.235
0.118
0.245

, Panel B . Dynamism
Weight of the BSC
measures

Mean of the weight
by environmental dynamism

Financial
Customer
Internal process
Learning and growth

Low (LD)
0.387
0.264
0.128
0.221

Middle (MD)
0.321
0.255
0.103
0.320

F

High (HD)
0.352
0.262
0.088
0.298

2.229
0.073
2.966
5.607

Significance Result of LSD test
ðp , 0:05Þ

0.110
0.930
0.054*
0.004***

LD . MD
–
LD . HD
LD , MD; LD , HD

, Panel C . Heterogeneity
Weight of the BSC
measures

Mean of the weight
by environmental heterogeneity

Financial
Customer
Internal process
Learning and growth

Low (LH)
0.406
0.220
0.153
0.221

Middle (MH)
0.347
0.247
0.119
0.287

* : p , 0:1; * * : p , 0:05; * * * : p , 0:01:

High (HH)
0.324
0.278
0.078
0.320

F

Significance Result of LSD test
ðp , 0:05Þ

2.586
2.014
12.643
4.443

0.078*
0.136
0.001***
0.013**

LH . HH
HH . LH*
LH . MH; LH . HH
HH . LH; MH . LH*
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of financial and internal process than prospectors. Second,
prospectors place higher weights on the perspectives of
customer and learning/growth than defenders. Third,
reactors place a higher weight on the financial perspective
than prospectors and place lower weights on the
perspectives of customer and learning/growth than prospectors. Fourth, analyzers do not exhibit any clear
pattern.
Environmental variables are measured based on three
different levels of strength: low, middle, and high.
Appendix 4 reports statistics for environmental variables
clustered in three levels. Firms, which are classified into the
‘high’ level of dynamism, are likely to be exposed to
the most dynamic environment. Similarly, firms in the ‘low’
level of heterogeneity are operating under the most
homogeneous environment. Panel B of Table 4
demonstrates that the BSC weights differ in the level of
environmental dynamism. For example, the weight for the
internal process is significantly greater in the low level of
dynamic environment than the high level. By contrast,
the weight for learning/growth is lowest in the low level of
dynamic environment. According to Panel C of Table 4,
the less heterogeneous the environment is, the higher the
weights for financial and internal process perspectives are.
By contrast, companies tend to emphasize customer
and learning/growth perspectives in the case of more
heterogeneous environments.
In sum, the above results turn out to be generally
consistent with the core arguments that underlie the
relevant theories aforementioned. This consistency implies
that companies need to reflect the moderating environmental forces for mobilizing their performance weighting
systems. Dynamic and heterogeneous environments have a
significant effect on the weighting of the BSC measures.
Such a finding is consistent with the prior literature. Li
and Ye (1999) note that IT investment has a stronger
positive impact on financial performance under greater
environmental dynamism. Zahar (1996) reports that the
strategy-performance link is related to environmental
forces such as dynamism and heterogeneity. Miller and
Friesen (1983) also find that there is a relationship
between strategy-making and the environment; they report
that heterogeneous and dynamic forces are particularly
related to innovation. Our study also documents the
similar result.

5. Weighting decision support mechanisms
In this paper, we develop the weighting decision support
system (hereafter, WDSS) in order to retrieve the weights of
a given number of neighbors nearest to a certain company
(so called proximate companies). This retrieval can help
determine the weights of the BSC performance measures for
a particular corporate strategy; i.e. the weights of proximate
companies can be useful as a reference. For this
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Fig. 1. WDSS Architecture.

determination, WDSS employs 3-dimensional axes:
strategy, dynamism, and heterogeneity. The WDSS enables
us to identify which companies are the most similar to a
particular one in terms of strategy, dynamism, and
heterogeneity.
The WDSS can allow users to distinguish between
successful and unsuccessful firms not only by providing the
weights of the BSC measures, but also by generating
the perceived performance. Fig. 1 depicts the architecture
of the WDSS. The system provides multiple screens such
as the search I/O (Input/Output) and the user interface.
The search I/O screens allow users to enter a search
condition and get the result. The user interface screens
enable users to register their own application onto the
database as a new case.
In order to measure the proximity between companies,
we employ the k-nearest neighbor (k-NN) technique (Buta,
1994; Kolodner, 1991, 1993; Park & Han, 2002). A company
can be represented by a point with respect to given attributes
in a multidimensional data space, where each dimension
corresponds to an attribute. In the WDSS, the data space
consists of three-dimensional axes: strategy, dynamism,
and heterogeneity. The dynamism and heterogeneity
dimensions of the space are normalized to have the range
[0,1], and the strategy dimension has the value of 0 or 1.
The proximity between companies can be described as a
function of the distance between the corresponding points in
the space. Thus, the problem of searching companies similar
to a given company with respect to certain attributes is
transformed to that of finding the points (companies) that are
near to a given point in the space. To find the k-nearest
points from a given point is known as the k-nearest neighbor
technique.
The value range of proximity between two companies is
usually [0,1] while the range of the distance is [0, ¥].
The distance is close to zero when two companies are
similar, and becomes large if they are quite different.
The similarity, however, is the opposite. It is close to one
when two companies are similar, while it is close to zero
when they are very dissimilar. The distance between
companies can be transformed easily into the similarity
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measure by an appropriate mapping function. We will
propose the WDSS k-NN for corporate performance
measures as follows:
Now, let us consider the distance, distðCi ; Cj Þ; between
two companies, Ci ðci;1 ; ci;2 ; …; ci;n Þ and Cj ðcj;1 ; cj;2 ; …; cj;n Þ
in an n-dimensional space, where ci;d is a dth attribute, say,
dimension d of company Ci : Attributes are numeric or
categorical. For a numeric attribute, the Euclidean distance
measure is commonly used while, for a categorical attribute,
a binary dissimilarity measure is used; this measure is zero
when two attributes fall in the same category and 1 when
they fall in different categories. Let a set of numeric
and categorical attributes be NA and CA, respectively.
Then the distance is given as:
distðCi ; Cj Þ ¼

X

!1=2
lxd l

2

;

1#d#n

8
xd ¼ ci;d 2 cj;d
>
>
<
where xd ¼ 0
>
>
:
xd ¼ 1

if ci;d ; cj;d [ NA
if ci;d ; cj;d [ CA and ci;d ¼ cj;d
if ci;d ; cj;d [ CA and ci;d – cj;d

In the WDSS, dynamism and heterogeneity are
numeric attributes while strategy is a categorical
attribute. Using the above equations, we can compute
the distance, distðCi ; Cj Þ; between two companies in a
three-dimensional space: strategy, dynamism, and
heterogeneity.
Suppose we have a set z of companies in a database.
For a nearest neighbor query, we are given a query
company q and the number k of target companies to be
retrieved. The goal is to determine the nearest neighbor
set NNðqÞ that has k elements. The set NNðqÞ is

defined as:
NNðqÞ ¼ {o [ zl;c [ z : distðq; oÞ # distðq; cÞ}

6. An application
Using the real-life data from D corporation, we
illustrate how the WDSS can help determine the weights
of performance measures. D corporation started as a
trading company in 1967. As of the end of year 2001, it
had about 30 branches around the world, 2300 employees,
and 3.8 billion dollars in sales. The success of a peer firm,
which has enjoyed a huge benefit from the implementation of the knowledge management system focusing on
non-financial measures, motivated the company to consider the BSC performance measurement system. First,
the company decided to implement the system in the
Media and Electronic Division as a pilot test. In order to
ensure a strategic and environmental fit, D corporation
attempted to use our WDSS.
D corporation’s corporate strategy can be determined
by the paragraph method. D corporation identified itself as
a prospector in terms of corporate strategy. As shown in
Fig. 2, by giving a particular strategy of a company and
the number of proximate companies, we can obtain the
BSC weights of the proximate companies. The user can
select “2. Prospector” in the menu.
Fig. 3 illustrates the user screens for determining the
scores of environmental dynamism and heterogeneity.
When users give answers to each question regarding
dynamism, the system calculates the score of dynamism
and employs it for similarity search. The same
procedure is also applied to environmental heterogeneity.
At this stage, environmental variables’ scores are

Fig. 2. Strategy Analysis and Selection.
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Fig. 3. Measuring the Environmental Dynamism and Heterogeneity.

determined, and the system responds with the weights of
companies proximate to D corporation in the given
dimensions.
Fig. 4 displays a final output by applying the k-nearest
neighbor technique. The output can provide a useful
reference to the weighting scheme of the neighbor
companies. The kth nearest company is displayed on the
kth column under the ‘Range of the Weights.’ More
detailed results are obtained by choosing a specific
submenu in the upper left corner of the screen. For
instance, if you choose ‘20 performance measures’ from
the submenus, you can obtain the detailed results based on
the 20 sub-measures.

Fig. 5 shows a sample of detailed results based on the
20 sub-measures. The information displayed in the menu
contains both the BSC performance weights and
performance scores in the proximate companies. D
corporation can refer to these weights in deciding the
weights of the performance measures. The system also
allows users to obtain the graphs of the BSC weights of a
specific perspective as well as those of any sub-measures.
Fig. 5 contains a graph corresponding to ‘customer
perspective.’ In addition, the system provides the
perceived performance scores according to each perspective. Accordingly, D corporation was able to obtain
information on the weights of proximate companies

Fig. 4. Result for the Weights of Proximate Companies.
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Fig. 5. Detailed Result for the Weights of Proximate Companies.

similar to it in terms of strategies and environments. The
information will serve as a good benchmark for its own
optimal weights.
The WDSS can have three major advantages over
traditional systems. First, the WDSS can ensure a strategic
and environmental fit. The system provides good
references. Second, the WDSS can ensure a consensus
among corporate members. One of the disadvantages of
traditional performance systems originates from a lack of
understanding among members due to a top – down
approach in designing the performance system. However,
the WDSS is consensus-oriented because its weighting
mechanism is convincingly communicative. Thus, the
system can minimize the risk of organizational resistance
in implementation. Third, the WDSS strikes a balance
between financial and non-financial assets. Therefore, it
can contribute to publicizing the importance of intangible
assets. As a consequence, all corporate members can be
driven to maximize the value of firm.

7. Conclusion
The major objective of this paper is to explore the
relationship between corporate strategies, environmental
forces, and the weighting of the BSC performance
measures. Furthermore, a system is proposed to mobilize
this relationship for sharpening the corporate strategies.
Corporate strategies are examined under the Miles
and Snow’s framework, where strategic types are categorized into prospectors, defenders, analyzers, and reactors.
We found the substantial evidence for the relationship.
This finding suggests that firms should incorporate this
relationship into a viable performance measurement system.

The paper attempted to implement the resulting regularity
into a practical system named the WDSS.
The potential contribution of this paper can be
summarized as follows: First, we propose a set of corporate
performance measures. These measures are developed
through an extensive survey of the related literature.
They may be useful for any performance measurement
system. Second, our study empirically proves that corporate
strategies and environmental forces are linked with the
performance measures. Thus, we lay grounds on the model
of performance measurement systems that can be more
suitable under divergent strategies and environments.
Third, the proposed weights are useful for pursuing a
particular strategy under different degrees of environmental
dynamism and heterogeneity. Fourth, the system can help
companies establish their own rational measurement
systems by benchmarking competitors that operate under
similar conditions.
By adding analytic dimensions, our current research can
be extended as follows: First, the role of corporate life cycle
in determining the weights of the BSC performance measures
can be studied more closely. Miller and Friesen (1984) hint
on the significance of corporate life cycle. The weight
decision mechanism may vary depending on the life cycle
stages. The second avenue can be to check if the structure of
corporate governance plays a part in the weighting of the
BSC performance measures. Emerging financial literature
suggests that corporate governance affect its market value
significantly. Thus, the governance structure is likely to
influence the structure of corporate performance. The third
promising avenue would be to see whether organizational
characteristics play a role in determining the BSC weights or
not. The choice of the BSC weights may rely on the extent of
centralization and formalization.
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Appendix 1. Definition of corporate strategy
Strategy

Definition

Prospector

Businesses continuously search for market opportunities and regularly experiment with potential
responses to emerging environmental trends. Therefore, these businesses often are the creators of
change and uncertainty to which their competitors must respond.
Businesses attempt to maintain a stable, limited line of products or services, operating routinely and
efficiently through the use of formalized structures and processes. At the same time, these businesses
monitor a carefully selected set of promising new product and market developments in different
industries.
Businesses have narrow product-market domains. Top managers in this type of organization are
experts in their business-limited area of operation but do not tend to search outside of their domains for
new opportunities. As a result of this narrow focus, these businesses seldom need to make major
adjustments in their technology, structure, or methods of operation. Instead, they devote primary
attention to improving the efficiency of their operations.
Businesses frequently perceive change and uncertainty occurring in their organizational environments
but are unable or unwilling to respond effectively. Because this type of organization lacks a consistent
strategy-structure relationship, it seldom makes adjustments of any sort until it is forced to do so by
environmental pressures.

Analyzer

Defender

Reactor

Appendix 2. Questionnaire for corporate performance and environmental variables

Construct

Item

Corporate
performance
(CP; 20 items)

Compared with key competitors, our company’s achievement level is

Financial

Customer

Internal process

Learning and growth

FCP1: Revenue growth
FCP2: Investment
FCP3: Profitability
FCP4: Asset utilization
FCP5: Unit cost
CCP1: Customer profitability
CCP2: Customer acquisition
CCP3: Customer retention
CCP4: Customer satisfaction
CCP5: Market share
ICP1: Product/service development
ICP2: Market identification
ICP3: Customer management
ICP4: Operation process
ICP5: Environment
LCP1: Skill
LCP2: Knowledge sharing
LCP3: IT infrastructure
LCP4: IT applications
LCP5: Organizational culture

very low
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

2 3 4
2 3 4
2 3 4
2 3 4
2 3 4
2 3 4
2 3 4
2 3 4
2 3 4
2 3 4
2 3 4
2 3 4
2 3 4
2 3 4
2 3 4
2 3 4
2 3 4
2 3 4
2 3 4
2 3 4
(continued on

very high
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
next page)
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Construct

Item

Environmental
dynamism
(DYN: 4 items)

DYN1: Products/services in our industry become obsolete very quickly.

DYN2: The product/service technologies in our industry change very quickly.
DYN3: We can predict what our competitors are going to do next (Ra).
DYN4: We can predict when our product/service demand changes (Ra).
Environmental
heterogeneity
(HET: 3 items)

In our industry, there is considerable diversity in:

HET1: Customers’ buying habits.
HET2: Nature of competition.
HET3: Product lines.
Environmental
hostility (HOS: 3 items)

Market activities of your key competitors:
HOS1: Have become far more predictable.
HOS2: Have become far less hostile.
HOS3: Now affect the firm in far fewer areas.

a

R: indicates that the item is actually measured in a reverse fashion.

Appendix 3. Statistics for reliability test
Measure

Acronym

Number of items

Mean

S.D.

Reliability (Cronbach Alpha)

Corporate performance
Financial
Customer
Internal process
Learning and growth

CP
FCP
CCP
ICP
LCP

4
5
5
5
5

16.069
17.630
16.890
17.762

3.947
3.605
3.665
3.773

0.906
0.783
0.758
0.805
0.799

DYN
HET
HOSTa
HOS
(HOS1
HOS2
HOS3)

4
3
2
3

13.537
10.854
5.781

3.554
2.857
1.839

2.822
2.959
2.397

1.101
0.988
1.114

Environmental variables
Dynamism
Heterogeneity
Hostility

a

0.795
0.830
0.707
0.565
0.417 (alpha if item deleted)
0.211 (alpha if item deleted)
0.707 (alpha if item deleted)

Hostility is measured by excluding HOS3 because the Cronbach Alpha is increased to 0.707 in that case.

Appendix 4. Statistics for clustering environmental variables
Environmental variable

Dynamism
Heterogeneity
Hostility

Number of companies
Low
Middle

High

Total

27
28
57

96
104
37

219
219
219

96
87
125
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