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Measures developed for the analysis of corporate diversification have become fundamental to a
broad range of strategy research. This paper examines the content validity of the two most widely
used continuous measures of related diversification—the related component of the entropy index
and the concentric index—and raises fundamental questions about their validity as indicators of
portfolio relatedness. These questions are not driven by the use of SIC data for estimation of the
indexes; they involve validity problems intrinsic to the construction of the measures. The related
component of entropy and the concentric index are sensitive to features of corporate portfolio
composition that may not be directly linked to portfolio relatedness. These sensitivities can create
important ambiguities in strategy research. Copyright © 2002 John Wiley & Sons, Litd.

Some of the most important measures of related
diversification may involve serious ambiguities not
previously discussed by researchers. This paper
examines the content validity (Nunnally, 1978)
of the two types of continuous measures most
widely used in strategy research—the related com-
ponent of the entropy index and the concentric
index—and argues that important questions exist
about the validity of these measures as indicators
of portfolio ‘relatedness.” We find that the mea-
sures are strongly influenced by dimensions of
corporate strategy other than relatedness such as
focus on a dominant business or the number of
businesses in the corporate portfolio. The sensitiv-
ity of the related diversification measures to these
more basic elements of portfolio composition sug-
gests caution in the interpretation of research and
the selection of measures.

The validity problems examined in the paper are
independent of questions about the SIC system.
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Although the related component of the entropy
index and the concentric index typically are calcu-
lated using SIC data, the problems identified here
would exist even if those measures were computed
using a different type of data. There are impor-
tant ambiguities associated with the measures that
are due to basic features of their construction. This
issue is particularly important because most efforts
to improve the measurement of related diversifi-
cation have focused on problems associated with
the SIC system (e.g., Brush, 1996; Farjoun, 1994,
1998; Robins and Wiersema, 1995).
The paper examines four major questions:

e What do the related diversification indicators
actually appear to measure; i.e., how do the mea-
sures characterize different types of corporate
portfolios and changes in corporate portfolios?

¢ Why do the measures operate in these ways?

e Are these sensitivities likely to be significant
when measures are used in empirical research
on diversified corporations?

e What are the implications of these sensitivi-
ties for existing and future research on corpo-
rate strategy?
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40 J. A Robins and M. F Wiersema

The first three of these questions focus on the prob-
lem of understanding the content of related diver-
sification measures; the fourth examines issues of
content validity in research that has used these
measures. It is necessary to address the first three
questions before the fourth can be adequately
explored. The empirical content of the related
entropy and concentric indexes has not been sys-
tematically examined in prior research, and it is
not possible to assess the validity of the measures
without first having a better understanding of what
they actually measure.

The paper begins by looking at the sensitivi-
ties of the related diversification indexes to some
fundamental features of portfolio composition. The
first two parts of the paper use simple simulations
and basic mathematics to develop a general picture
of how and why the measures respond to certain
types of changes in stylized corporate portfolios
and why they may exhibit these sensitivities. The
analysis in this part of the paper suggests impor-
tant concerns about the related diversification mea-
sures, but it is based on stylized conditions and
may not reflect the sensitivities of the measures
in practice.

The paper then looks at these issues in an empir-
ical context using data on the corporate portfolios
of a sample of large diversified firms. This empiri-
cal analysis underscores the concerns raised by the
exploratory simulations. It suggests that measures
of related diversification may be driven by features
of portfolio composition that are not tightly linked
to the concepts that the measures are intended
to capture.

The final part of the paper reviews a few of
the seminal studies that have used the related
entropy and concentric measures and asks basic
questions about the appropriate interpretation of
research findings. The studies examined in this
section include some of the most influential empir-
ical research on corporate strategy—studies that
helped to establish the methodological and concep-
tual directions taken by empirical work on diver-
sification during the last two decades.

CONCERNS ABOUT THE VALIDITY OF
RELATED DIVERSIFICATION
MEASURES

The measurement of related diversification is
important to a broad range of strategy research.

Copyright © 2002 John Wiley & Sons, Ltd.

Measures developed for the analysis of corpo-
rate portfolio strategy are used in many areas
of research on strategy, economics, and financial
economics. Studies of strategic management have
used diversification measures as independent vari-
ables, dependent variables, and control variables in
work on topics such as restructuring, refocusing,
governance, merger, divestiture, top management
team turnover, and strategic change (Barker and
Duhaime, 1997; Bergh and Holbein, 1997; Bergh,
1997; Bethel and Liebeskind, 1998; Markides,
1992; Wiersema and Bantel, 1992). Diversifica-
tion measures have been particularly significant
in work linking portfolio strategy and financial
performance, and they have figured prominently
in recent studies of corporate focus and share-
holder wealth. They played an important part in
earlier studies of diversification complementarity
(Bettis, 1981; Palepu, 1985; Rumelt, 1974, 1982;
Varadarajan, 1986; Wernerfelt and Montgomery,
1988) and they have been vital to analysis of the
‘diversification discount’ implied by the finding
that focused firms outperform highly diversified
corporations (Berger and Ofek, 1995; Comment
and Jarrell, 1995; Davis and Thomas, 1993; Fan
and Lang, 2000; Lang and Stulz, 1994; Rajan, Ser-
vaes, and Zingales, 2000; Scharfstein and Stein,
2000; Servaes, 1996; Shin and Stulz, 1998).

In the course of these various studies, certain
specific types of measures have become part of
the standard tool kit used in empirical research.
Continuous or ‘product count’ measures of related
diversification such as the entropy and concentric
indexes are used particularly widely in contem-
porary research (e.g., Barker and Duhaime, 1997;
Bergh, 1997). These indicators are popular for a
number of reasons, including the fact that they are
readily derived from secondary data and can be
measured at an interval level.

Widespread use of these measures also has
created concern about their validity, and a number
of studies have examined the validity of related
diversification indexes with mixed results (e.g.,
Acar and Sankaran, 1999; Chatterjee and Bloucher,
1992; Davis and Duhaime, 1992; Hall and St John,
1994; Hoskisson et al., 1993; Lubatkin, Merchant,
and Srinivasan, 1993; Robins and Wiersema,
1995). Hoskisson eral. (1993), for example,
argued that the related component of the entropy
index shows a high level of validity on several
dimensions including convergence and prediction.
Lubatkin et al. (1993) also found evidence of
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Measurement of Corporate Portfolio Strategy 41

convergent validity when comparing continuous
and categorical measures. However, Hall and St
John (1994) raised questions about the convergent
validity of continuous and categorical measures,
arguing that choice of a diversification measure
may influence research results.

Researchers’ concerns about the related diversi-
fication measures are well founded. Measures that
are used to indicate similar concepts may respond
to empirical data in different or contradictory ways.
Two major problems arise with these measures:
indicators may not represent a single construct or
dimension, and measures may be driven by differ-
ent underlying dimensions of portfolio strategy.

An illustrative example

A simple example based on stylized conditions
helps to illustrate the point. Consider the case of a
hypothetical firm such as the Consolidated Electric
(CE), with the business portfolio in the year 1988
that is illustrated by Figure 1.

Consolidated Electric is involved in four distinct
businesses in 1988: power transformers (3612);
switchgear apparatus (3613); household cooking
equipment (3631); and household refrigerators and
freezers (3632). Each represents 25 percent of the

corporation’s total sales. Two of these businesses
fall within one 3-digit SIC, electric transmission
equipment (361), and the other two are in a differ-
ent 3-digit SIC group, household appliances (363).
All are part of a single 2-digit SIC major area
of business, electronic and electrical equipment
(36). Figure 1 illustrates this hypothetical corpo-
rate portfolio.

The related component of the entropy index and
the concentric index can readily be computed for
the Consolidated Electric. The related component
of the entropy index can be derived by a partition
of total entropy into its related and unrelated parts
(Jacquemin and Berry, 1979). Total entropy (DT)
is given by:

N
DT =) P In(1/P))
i=1

where P; = Proportion of business activity (sales)
in SIC code i, for a corporation with N different
4-digit SIC businesses.

Unrelated entropy (DU) is computed in a similar
fashion using 2-digit SIC data:

N
DU =) P In(1/P))

i=1

2-digit
50%
3-digit
25% 25% 25% 25%
3631 3632
. 3612 ) ?’6? ) Household Household
A-digit ) Power ) Swite 1scar Cooking Refrigerators
Transformers Apparatus Equipment & Freezers
1988
Concentric Index of Related Diversification 0.25
Related Component of the Entropy Index 1.38
Figure 1. Consolidated Electric 1988

Copyright © 2002 John Wiley & Sons, Ltd.
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42 J. A Robins and M. F Wiersema

where P; = Proportion of business activity (sales)
in SIC code i, for a corporation with N different
2-digit SIC businesses.

Related entropy (DR) therefore can be estimated
as DT — DU = DR. For Consolidated Electric in
Figure 1, this value would be DR = 1.38.

The concentric index can be calculated as (Mont-
gomery and Hariharan, 1991: 80):

N N
FDIVERS, = > > Py; Pudy

i=1 k=1

where P, = percentage of sales for firm & in
industry i, P,; = percentage of sales for firm k in
industry /, d;; = variable weighting factor such that
d;; = 0 where i and / belong to the same 3-digit
SIC category, d; = 1 where i and / belong to the
same 2-digit SIC group but different 3-digit SIC
groups, and d; = 2 where i and / are in different
2-digit SIC categories.!

! The formula in the text has been edited from the original pro-
vided by Montgomery and Hariharan (1991) in order to provide
more precise algebraic notation. The formula provided in the
text corresponds to the description of the operational derivation
of the measure provide by Montgomery and Hariharan.

As indicated in Figure 1, the concentric index
of related diversification has a value of 0.25 for
Consolidated Electric in 1988.

Five years later, Consolidated Electric has under-
taken a significant change in its portfolio. By
1993, the corporation has expanded from four
businesses to seven businesses. Two of Consoli-
dated Electric’s original businesses remain essen-
tially unchanged; power transformers (3612) and
switchgear apparatus (3613) each still represents
25 percent of corporate activity. However, other
aspects of the portfolio have changed significantly.
Household cooking equipment (3631) and house-
hold refrigerators and freezers (3632) now repre-
sent only 10 percent of corporate activity each,
and three new areas of business have been added:
electric light bulbs (3641), audio records, tapes,
and disks (3652), and radio and TV broadcasting
equipment (3663). Each of these new businesses
also represents 10 percent of the firm’s activity.
The three new businesses are in distinct 3-digit
SICs, but all businesses of the corporation still lie
within the same major 2-digit SIC area of business.
This portfolio is illustrated in Figure 2.

The measures of related diversification for Con-
solidated Electric also have changed between 1988

2-digit
50 % 20% 10% 10%
3-digit
25% 25% 10% 10% 10% 10% 10%
3652 3663
3612 3613 o B Eccd I Y el I e
4-dicit Power Switchgear Hs Hs Elec Recds TV
=l Transformers Apparatus Cookg Refr/ Lamp Tapes bdestg
Eqpt Frzrs Bulbs Discs eqpt
1988 1993 Change
Concentric Index of Related Diversification 0.25 0.34 decrease in related div.
Related Component of the Entropy Index 1.38 1.84 increase in related div.

Figure 2. Consolidated Electric 1993
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Measurement of Corporate Portfolio Strategy 43

and 1993. The concentric index is 0.34 in 1993,
and related entropy is 1.84. Since a larger value of
the concentric index designates less related diver-
sification, the change in the concentric index from
0.25 in 1988 to 0.34 in 1993 shows a decrease in
related diversification. The entropy measure, on the
other hand, increases with greater related diversifi-
cation. The change in the related component of the
entropy index from 1.38 in 1988 to 1.84 in 1993
indicates that related diversification has increased
during that period. The shift in Consolidated Elec-
tric’s business portfolio between 1988 and 1993
produced opposing results in the concentric and
related entropy measures. One measure indicates
that the firm increased its related diversification;
the other indicates a decrease.

Now consider additional changes in the CE port-
folio after 1993. Imagine that Consolidated Elec-
tric’s increased diversification in 1993 was fol-
lowed by a focusing strategy in the later 1990s.
During the 5 years from 1993 to 1998, the firm
exited from the three new businesses that had been
added between 1988 and 1993. The four original
businesses from 1988 remained in the corporate
portfolio in 1998, but power transformers (3612)
grew to account for 70 percent of all corporate

activity, while switchgear apparatus (3613), house-
hold cooking equipment (3631), and household
refrigerators and freezers (3632) each represented
only 10 percent of activity. This new 1998 portfo-
lio is illustrated in Figure 3.

The concentric and entropy indexes for Consoli-
dated Electric have changed again. The concentric
index is 0.16 in 1998 and the related component of
the entropy index is 0.94. Compared to the original
1988 portfolio, the value of the concentric index
indicates an increase in related diversification; it
has changed from 0.25 in 1988 to 0.16 in 1998.
The value of the related entropy index, on the other
hand, now indicates a decrease in related diversi-
fication, from 1.38 in 1988 to 0.94 in 1998.

The measures again produce contradictory re-
sults. These results pose an important dilemma for
research. Which measure is believable and why are
the measures contradictory?

The answers lie in the fact that the measures do
not capture exactly the same dimensions of portfo-
lio strategy. Although they often have been viewed
as alternative approaches to the common problem
of measuring related diversification, the measures
can produce contradictory results because they dif-
fer in their sensitivity to underlying dimensions
of portfolio strategy. Neither the concentric nor

2-digit
3-digit
70 % 10% 10% 10%
3613 3631 3632
4-digit 3612 Switch| Hshld Hshld
Power Transformers -gear Cookg Refi/
App Eqpt Frzrs
1988 1993 1998
Concentric Index of Related Diversification 0.25 0.34 0.16
Related Component of the Entropy Index 1.38 1.84 0.94

Figure 3.

Copyright © 2002 John Wiley & Sons, Ltd.

Consolidated Electric 1998
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44 J. A Robins and M. F Wiersema

the related entropy index necessarily is incorrect
or invalid for analysis of the changes in Consoli-
dated Electric’s corporate strategy between 1988
and 1998. The validity of these measures ulti-
mately depends on the theoretical concerns that
drive researchers to examine Consolidated Elec-
tric and the substantive interpretation placed on
the change in strategy undertaken by Consoli-
dated Electric.

Content validity

It is important to recognize that the ambiguities
associated with analysis of Consolidated Electric
are not a result of the fact that SIC data were
used to calculate the related diversification mea-
sures. Although popular diversification measures
may suffer from weaknesses associated with use
of the SIC system (Robins and Wiersema, 1995),
the validity of these measures would remain ques-
tionable even if an alternative data source or data
coding scheme were employed. The way in which
the measures are constructed they are not unidi-
mensional since they reflect two or more different
constructs in a single measure.

The Consolidated Electric example highlights
questions about a form of validity that psycho-
metricians such as Nunnally (1978) or Zeller and
Carmines (1980) have termed content validity.
Zeller and Carmines (1980: 78) describe content
validity in this way:

Fundamentally, content validity concerns the extent
to which a set of items taps the content of some
domain of interest. To the degree that the items
reflect the full domain of content, they are said to
be content-valid.

Content validity—also sometimes called the
‘face validity’ of an indicator—relies on the logic
that connects indicator to underlying concept. The
evaluation of content validity therefore must be
addressed primarily through theory rather than
empirical analysis (e.g., Hoskisson ef al., 1993;
Nunnally, 1978; Venkatraman and Grant, 1986;
Zeller and Carmines, 1980). The fact that there
is no standard methodology for evaluating con-
tent validity makes content validity one of the
most problematic areas of inquiry; however, con-
tent validity also is one of the most fundamental
determinants of whether empirical work speaks
to the theoretical concerns of research (Blalock,
1982; Russell, 1948; Zeller and Carmines, 1980).

Copyright © 2002 John Wiley & Sons, Ltd.

The fact that there is no rote method for ana-
lyzing content validity also may help to explain
why little attention has been given to the subject in
recent validation studies. As Lubatkin et al. (1993)
have observed, the few studies that have dealt with
content validity of diversification measures gener-
ally have approached the issue by looking at con-
vergence between current continuous measures and
earlier categorical approaches. The earlier mea-
sures used for this purpose have been based on
the categorical analysis of diversification patterns
developed by Rumelt (1974) nearly 30 years ago
for investigation of questions raised by Chandler
(1962) and Wrigley (1970). Although Rumelt’s
(1974) measures may have content validity for
important questions about strategy and structure,
the measures have a more ambiguous relation-
ship to the concerns that drive current research
on corporate strategy. Convergence with Rumelt’s
typology may provide little information about the
content validity of a measure that is used in
research based on theories such as the resource-
based or knowledge-based views of the firm.

One other stream of research on content valid-
ity has appeared in the last few years, but it has
looked primarily at problems associated with the
SIC classifications. Robins and Wiersema (1995)
raised questions of this type about the validity of
the entropy and concentric indexes for research
on ‘relatedness’ within corporate portfolios. They
argued that the SIC classification used to assess
relationships among businesses has a weak connec-
tion to the forms of relatedness that are important
in contemporary strategy theory, and they pro-
posed an alternative measure based on interindus-
try technology flows. Similar efforts to move away
from SIC-based approaches to measurement of
relatedness also have been presented by Farjoun
(1994, 1998) and Brush (1996). However, all of
these studies have examined content validity in
terms of inherent weaknesses of the coding of data
in the SIC system. Important questions that go
beyond the quality and coding of data have been
left unexplored, and those questions are the focus
of the analysis here.

The limitations of prior assessments of content
validity also may reflect the fact that researchers
rarely articulate a rationale for their approaches
to measuring related diversification. As Acar and
Sankaran (1999) have pointed out, certain mea-
sures tend to be routinely adopted without system-
atic consideration of their validity for the problems

Strat. Mgmt. J., 24: 39-59 (2003)
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under analysis. The logic that links measures to
constructs often is left implicit, with the result that
researchers may not recognize problems of content
validity that arise as older measures are applied to
newer research problems.

The concept of related diversification

Advances in the theory of corporate strategy during
the last two decades have given increasing impor-
tance to these types of concerns about content
validity. Research on corporate portfolio strategy
has shifted from emphasis on the link between
strategy and organizational structure to questions
that grow out of theories such as the resource-
based and knowledge-based views of the firm.
These recent research approaches to the corpo-
ration emphasize relationships within corporate
portfolios rather than diversification as a basis
for corporate advantage (Collis and Montgomery,
1998; Grant, 1996; Kogut and Zander, 1996).
Problems of understanding portfolio relatedness,
and the impact of relatedness on firm performance,
have emerged as central concerns of corporate
strategy (Hoskisson and Hitt, 1990; Mahoney and
Pandian, 1992; Nayyar, 1992; Palich, Cardinal, and
Miller, 2000).

The contemporary concept of related diversi-
fication is the result of almost three decades of
evolution. Although Rumelt’s (1974) pathbreak-
ing work Strategy, Structure and Performance did
not introduce the concept of related diversification,
it first focused attention on the idea that portfo-
lio interrelationships might be analytically distin-
guished from questions about costs and benefits
of diversification. In the 1980s, introduction of the
idea that the corporation serves as a repository for
nonmarketable assets created a broader foundation
for the concept of relatedness among businesses
(Panzar and Willig, 1981; Teece, 1982). Building
on this foundation, the resource-based view of the
firm focused the analysis of diversification directly
on the issue of relatedness. In the resource-based
view, relatedness among businesses is more than
just a necessary condition for successful diversifi-
cation; it is the motive force behind diversification
(Barmney, 1988; Penrose, 1959). Profitable growth
relies on achieving scope in the exploitation of
scarce resources, and ‘relatedness’ thus defines the
potential for corporate growth. More recent devel-
opments in the knowledge-based view of the firm
have carried this concept further while retaining

Copyright © 2002 John Wiley & Sons, Ltd.

the key idea that strategic interrelationships among
the businesses of a corporate portfolio may be
more important to performance than the number
or size of those businesses.

This contemporary view of related diversifica-
tion might be summarized by the idea that ‘...
the rationale for multi-business organizations ulti-
mately lies in sharing strategic capabilities among
businesses. In the absence of shared firm-specific
strategic assets, a corporation can be expected to
perform less well than the sum of its separate busi-
nesses’ (Robins and Wiersema, 1995). This idea
captures the common foundation for the contem-
porary concept—the idea that a portfolio of busi-
nesses is bound together by some shared strategic
resources or capabilities. A measure that is to be
valid for this type of research must capture this
common element ‘relatedness.’

Operationalization and measurement of related-
ness and diversification have lagged behind the
theory in important ways. Diversification measures
that were developed in prior decades for different
research purposes are routinely used to analyze
relatedness in contemporary studies. This grow-
ing disjunction between theory and method has
opened the door to problems of content validity
that are only beginning to attract the attention of
researchers.

Methods for analysis of content validity

As indicated above, analysis of content validity
involves issues of research design and interpreta-
tion that are essentially theoretical, and there is no
single established approach to the problem. This
difficulty is compounded by the fact that most dis-
cussions of content validity by statisticians have
been strictly in the context of experimental work
(Zeller and Carmines, 1980).

Blalock’s (1985) classic work on measurement
presents one of the most extensive examinations
of validity in nonexperimental social research.
Blalock draws a key distinction between the pri-
mary theory that defines the model tested in a
research study and the ‘auxiliary theories’ that
link concepts to measures. Those auxiliary theo-
ries determine the content validity of measures,
and they must pass logical scrutiny before find-
ings from analysis of the primary causal model can
be interpreted (Blalock, 1985). Any ambiguities
with regard to the connections between indicators

Strat. Mgmt. J., 24: 39-59 (2003)
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and concepts inescapably translate into uncertain-
ties about the meaning of research results. Meaning
becomes uncertain if a measure may be a function
of some phenomenon other than the concept under
analysis—regardless of whether that measure can
be used to consistently reproduce results (Blalock,
1985; Zeller and Carmines, 1980).

Two broad questions must be answered in order
to assess the strength of the auxiliary theories that
connect measures to concepts (Stinchcombe, 1968;
Wunsch, 1988):

e Are these auxiliary theories preferable to alter-
native theories that might connect the measures
to different concepts?

e Which auxiliary theories are supported by evi-
dence?

The simplest standard for answering the first
question probably lies in the logic of ‘Occam’s
razor’ —the most parsimonious explanation that
covers the facts is best (Stinchcombe, 1968). If the
empirical phenomenon captured by these measures
can be grounded in simpler concepts than ‘related
diversification,” then the prevailing interpretation
of the measures becomes questionable.

Empirical evidence also can aid in the evaluation
of auxiliary theories. Empirical analysis of the sen-
sitivity of related diversification measures to more
basic dimensions of portfolio composition is used
for that purpose in this study. It provides a basis
for evaluating the claim that a simpler dimension
of portfolio strategy—and thus a more parsimo-
nious auxiliary theory—might be substituted for
the complex construct and complex auxiliary the-
ories required for interpretation of these measures
as indexes of relatedness.

Two specific underlying dimensions of portfo-
lio structure are examined here: the number of
businesses in the portfolio, and the relative size
of the dominant business. These dimensions are
termed ‘pure diversification’ and ‘dominant busi-
ness focus’ for the purposes of this analysis.
Although they are not the only dimensions of port-
folio structure that may influence the related diver-
sification indices, they are particularly important
because they are among the most basic features of
corporate portfolios. Virtually any change in cor-
porate portfolio strategy is likely to have an impact
on pure diversification, dominant business focus,
or both. If these basic factors can explain findings
derived from related diversification measures, then

Copyright © 2002 John Wiley & Sons, Ltd.

the validity of research that uses the related diver-
sification measures is questionable. The effects of
dominant business focus and pure diversification
may offer explanations for research findings that
are more parsimonious than the concept of related
diversification.

DIVERSIFICATION MEASURES: A
STYLIZED ANALYSIS

The example of the Consolidated Electric above
offers a good starting point for examining the
content of corporate diversification measures. The
basic change that occurred in Consolidated Elec-
tric’s business portfolio between 1988 and 1993
was an expansion of the portfolio into a larger
number of loosely related businesses. In 1988,
Consolidated Electric was involved in four busi-
nesses of equal size. By 1993, the firm had
moved into three new businesses within the same
major area, and two of the firm’s existing busi-
nesses had come to represent smaller propor-
tions of the total portfolio. The principal change
in the corporate strategy was pure diversifica-
tion into a larger number of businesses, each of
which accounted for smaller proportions of total
activity.

The related component of the entropy index
increased by 33 percent in response to this change,
signifying an increase in related diversification.
The value of the concentric index went up by
about 36 percent, signifying a decrease in related
diversification. The two indicators of related
diversification exhibited substantial changes in the
opposite directions in response to greater pure
diversification.

This suggests that the related component of the
entropy index might have a significant positive
sensitivity to pure diversification; it appears to
measure higher levels of related diversification
with increase in the number of businesses in a
corporate portfolio. However, pure diversification
does not appear to affect the concentric index in
the same way. When the Consolidated Electric
portfolio is analyzed using the concentric index,
pure diversification is negatively associated with
related diversification.

Pure diversification

Closer examination of the measures suggests that
the construction of each of the indexes creates

Strat. Mgmt. J., 24: 39-59 (2003)
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potential sensitivities to pure diversification. As
indicated below, these are only ‘potential’ sen-
sitivities because they rely upon a number of
assumptions about corporate portfolios that may
not be met in the real world. Although the assump-
tions generally are reasonable, it is also pos-
sible that a specific group of real corporations
might deviate substantially from these stylized
models.

Sensitivity of the related component of the entropy
index to pure diversification

The derivation of the related component of the
entropy index has been briefly described earlier
in the article. Pure diversification—the number of
businesses in the corporate portfolio—can influ-
ence all of the entropy measures: total, unrelated,
and related. The related component of the entropy
index is sensitive to three different aspects of the
distribution of activity within a corporate portfolio:
the number of 4-digit SIC businesses in a corpo-
rate portfolio, the number of 2-digit SIC businesses
in the portfolio, and the distribution of 4-digit
SIC categories within 2-digit SIC categories. The
manner in which these different factors interact to
determine the value of the related entropy measure
may be quite complex.

Total entropy will have a positive relationship to
pure diversification, holding everything else con-
stant. This can be seen most readily by considering
the case where all businesses in a portfolio are the
same size. In that case,

P =1/N

where N = number of businesses in the portfolio.

N
DT =) P, In(1/P)) )

i=l

Substituting for P;, DT = N(1/N) In(N) = In(N).

Total entropy thus is an increasing logarithmic
function of the number of businesses in the port-
folio, in the case where all businesses are equal
in size.

For simplicity, we can also assume that each
2-digit SIC contains an equal number of 4-digit
SICs, = Z. Therefore, the corporation will have
N/Z 2-digit SIC divisions, each of which contains
a proportion of activity = Z/N. Unrelated entropy

Copyright © 2002 John Wiley & Sons, Ltd.

(DU) therefore will be

N/Z

DU =) PIn(1/Py)

k=1

Substituting for P, DU = (N/Z)(Z/N) In(N/
Z)=In(N/Z)
The related component therefore will be

DT — DU = In(N) —In(N/Z)
=In(N) — In(N) + In(Z) = In(2Z)

In this case, the related component of the entropy
index would be a direct logarithmic function
of the number of 4-digit SIC businesses within
each 2-digit SIC division. If a corporation sim-
ply increased the number of 4-digit businesses in
its portfolio with no reallocation of activity at the
2-digit level, the related component of entropy
would increase. By the same token, a firm with a
greater number of smaller 4-digit businesses would
register greater relatedness than one with fewer
businesses, holding structure at the 2-digit level
constant. This type of result also can be expected
in many cases where 2-digit SICs are not equal in
size and number.?

Sensitivity of the concentric index to pure
diversification

As indicated by the example of Consolidated Elec-
tric above (Figures 1 and 2), pure diversification
also may affect the concentric index. A closer
look at the derivation of the index can shed some
light on that issue as well. As indicated earlier

2 Since unrelated entropy is calculated in the same fashion as
total entropy, it will be an increasing logarithmic function of
the number of 2-digit SIC businesses. In the case where all 2-
digit SIC businesses are the same size, related entropy is equal
to the difference between total and unrelated entropy, and it is
therefore affected by both the number of 4-digit SICs and the
number of 2-digit SICs in a portfolio. The effect of increase in
the number of 4-digit businesses is potentially quite complex, but
a few broad observations can be made about its likely direction.
Firms often diversify by entering new 4-digit SICs that lie within
their existing 2-digit SICs. When that takes place, the number
of 4-digit SICs increases more than the number of 2-digit SICs.
If the number of 4-digit SICs in a portfolio grows faster than
the number of 2-digit SICs in the portfolio, then total entropy
also will increase faster than unrelated entropy. This implies
that the related entropy index also is likely to grow, since the
related component of the entropy index is the difference between
total and unrelated entropy. Pure diversification therefore may
increase the related component of the entropy index in a broader
range of cases, ceteris paribus.
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in this article, the construction of the concentric
index is fundamentally different from the entropy
measures. Although the concentric index also was
originally derived from measures of industrial con-
centration, it relies upon pairwise evaluation of
relationships between the businesses of a portfolio
in order to assess relatedness.

The sensitivity of the concentric index to pure
diversification is a function of the distribution of
business activity at the 3-digit and 2-digit SIC lev-
els. The number of 4-digit SICs in a corporate
portfolio affects the concentric index only inas-
much as the number of 4-digit SICs is correlated
with the number of 3-digit or 2-digit SICs. An
expansion or contraction of the number of 4-digit
SIC businesses within a single 3-digit SIC would
have no effect on the concentric index for a firm.
However, the number of 3-digit SICs in a corporate
portfolio can be expected to have some positive
correlation with the number of 4-digit SIC busi-
nesses. Under those circumstances, greater pure
diversification would affect the concentric index
indirectly, through influence on the number of 3-
digit SICs.

Increase in the number of 3-digit SICs in a
corporate portfolio will raise the value of the
concentric index and thus reduce the estimate of
related diversification, ceteris paribus. This can
be seen most easily by again looking at the case
where all businesses in a corporate portfolio are
the same size. For the sake of simplicity, we can
assume that all businesses are identical in size
and that there is a perfect correlation between
3-digit and 4-digit SIC activity; i.e., every 4-
digit business is in a unique 3-digit SIC. To sim-
plify the case, we can also assume that the firm
has only one 2-digit SIC. Variability in the con-
centric index will be entirely due to the num-
ber of businesses in the corporate portfolio under
those circumstances. Thus, d;; = 1 for all pairs of
businesses.

As indicated above, the concentric index is
based on the set of all pairs of businesses that
can be formed from a portfolio. A product term
is created by multiplying the proportion of activ-
ity in each of the two businesses of a pair
together. The products of pairs are weighted (as
described earlier in this article), and the summa-
tion of the weighted products is the concentric
index.

Copyright © 2002 John Wiley & Sons, Ltd.

In the case where all businesses are the same
size,

Py =Py=1/N

where N = number of businesses in portfolio.

N N
FDIVERS = Z Z Py; Pydy )

i=1 k=1
However, d; = 1; therefore

N

N
FDIVERS = ) "> P, Py
k=1

i=1

The number of possible pairs of businesses in a
portfolio will be
N! _N(N-1)
2(N —2)! 2

Substituting in P,; = P, = 1/N for all k and /, the
concentric index is

NN—-1) 1| N—-1 1

FDIVERS; = —— A=t

As the number of businesses in a firm becomes
very large:

(N—1)/N —> 1
and
FDIVERS = X 1,1, !
= * — — —
2 2
As N shrinks toward unity:
(N—1)/N =0
and
FDIVERS = — % 50

The concentric index therefore will be zero for
a single business firm and have an upper bound
of 1/2 as the number of businesses in a corporate
portfolio becomes very large—in the stylized case
where all businesses are the same size and all
are in different 3-digit SICs. In this case, d =1
for all pairs of businesses due to the assumption
that all businesses are in different 3-digit SICs
and the same 2-digit SIC. The concentric index
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therefore would approach a limit of 0.5 as pure
diversification increases in this special case.

The same logic holds for increase in the num-
ber of 2-digit SICs, although d =2 for all pairs
of businesses in that case, and the concentric
index therefore would approach 1.0 with increas-
ing N. The value of concentric index thus may
be an increasing function of pure diversification,
if the number of 4-digit SIC businesses in the
portfolio is correlated with the number of 3-digit
or 2-digit SICs. Higher values of the concentric
index signify lower levels of related diversifica-
tion, so the concentric index is likely to mea-
sure less related diversification for portfolios with
higher levels of pure diversification, under those
assumptions.

Sensitivity to dominant business focus

The potential sensitivities of these measures to
dominant business focus can be seen in the changes
that took place in the Consolidated Electric portfo-
lio between 1993 and 1998. Consolidated Electric
undertook a focusing strategy during this period,
and the major change in the CE portfolio was an
increase in the size of the dominant business. The
number of businesses in the portfolio remained
unchanged between 1993 and 1998. As indicated
above, these changes again produced contradic-
tory results in the concentric index and related
component of the entropy index. The concentric
index indicated an increase in related diversifica-
tion, while the related component of entropy indi-
cated a decrease.

The changes in the two measures suggest a
basic difference in their sensitivities to dominant
business focus. The concentric index appears to
be sensitive to focus, with the existence of a large,
dominant business raising estimates of relatedness.
On the other hand, estimates based on the related
entropy index appear to decline with the relative
size of the dominant business. A decrease in the
entropy estimate of relatedness was associated with
an increase in the size of the dominant business
rather than a reduction in pure diversification.

A more detailed examination of the construction
of the indexes can provide some insight into the
possible bases of these sensitivities as well. Again,
this analysis must be treated as only hypothetical
because it relies upon key assumptions about cor-
porate portfolios that may or may not be relevant
to real firms.

Copyright © 2002 John Wiley & Sons, Ltd.

Sensitivity of the related component of the entropy
index to dominant business focus

A rough analysis of the special case of a firm
with a two-business portfolio can provide some
insight into the effects of dominant business size
on the related component of the entropy index. The
two-business case is simple from a mathematical
standpoint, and it can be generalized to portfolios
that include a larger number of businesses. The
two businesses are designated ‘1’ and ‘2’ and their
shares in total firm activity P; and P,. Assume that
P, is the dominant business, i.e., P, > P;.

Pl“I—Pz:l

Therefore

P, =(1-P)

The index of total entropy for this firm will be

N

DT =) P, In(1/P;) = PyIn(1/P\) + P,In(1/P,)

i=1
3)
Substituting for P, in Equation 3, we get

DT = PiIn(1/P;) + (1-P)In[1/(1-F)] (4)

We can examine the effects of dominant business
size on each of the two terms that compose the total
entropy index (Equation 4) for this hypothetical
two business firm:

As P, — 1, the expression 1/P; — 1

Therefore

In(1/P;) — 0,

and

P1 ln(l/Pl) — 0
The expression P; In(1/P;) is therefore a decreas-
ing function of P;.

The second term of the entropy measure also
will be a decreasing function of P;, as follows:

As P, — 1, the expression (1 — P;) — 0

and 1/(1 — P;) becomes very large. Therefore
In[1/(1 — P;)] also becomes large.
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However, as P, — 1, the expression (1-P;)
decreases as a linear function of P;. The rate of
increase of the logarithmic function In[1/(1-Py)]
is smaller than the rate of decrease in the lin-
ear function (1-P;). The product of the two,
(1 — P *In[1/(1 — P;)], therefore will also be a
decreasing function of P;.

If both terms of the entropy measure are decreas-
ing functions of P, their sum—total entropy—
also will be a decreasing function of P;. Entropy
therefore will be greatest for the smallest value
of P,. The minimum value that P, can assume
for a firm with two businesses is P, = 0.50,
and entropy therefore will be greatest when the
business units of a two-business firm are the
same size. This result generalizes to portfolios
with multiple businesses; entropy can be expected
to be greatest where there is the least varia-
tion in the size of businesses within a portfolio,
ie., where P, = 1/N for all businesses, ceteris
paribus.

Related entropy is the difference between total
and unrelated entropy, so it is again necessary to
consider the likely relationship between changes
in the portfolio at the 4-digit and 2-digit SIC lev-
els. In theory, the proportions of activity within
specific 4-digit and 2-digit SICs can vary indepen-
dently—within the limit that no 4-digit SIC can
be larger than the largest 2-digit SIC. However, it
is common for firms to have several 4-digit SICs
that fall within the same 2-digit SIC and relatively
rare for a corporation to be entirely composed of
unrelated businesses. This leads to the following
observations.

Define the set of n 4-digit SICs subsumed within
a single 2-digit SIC, D,, as

Dm:{PlsPZ---Pn}

where the 2-digit SIC actually contains more
than one business (i.e., n > 1), then D,, > P;
by definition.

If P increases by some amount g, then the
proportional increases in D,, and P; will be

D, P,

Increase in the proportion of activity in any one
4-digit SIC business therefore will produce a
smaller proportional increase at the 2-digit level,

Copyright © 2002 John Wiley & Sons, Ltd.

if the 2-digit SIC contains more than one 4-digit
SIC.

This suggests that increase in the size of a
dominant business is likely to alter the propor-
tions of activity across 4-digit categories more
than it alters the proportions of activity in 2-
digit categories. In that case, total entropy would
decrease more than unrelated entropy as a result
of the change. If DT decreases more than DU,
then DR = DT — DU also will decrease. Related
entropy therefore would tend to decrease as the
size of the dominant business in a portfolio grows,
assuming that the 2-digit SICs of a corporate
portfolio typically subsume multiple 4-digit SIC
businesses.

Sensitivity of the concentric index to dominant
business focus

The concentric index also may be sensitive to dom-
inant business focus. The index is affected only
by 3-digit and 2-digit SIC distribution of busi-
ness activity, so dominant business focus again
will have an effect only inasmuch as 4-digit
SIC business size is correlated with 3-digit or
2-digit SIC size. As indicated in the discus-
sion of the entropy index above, it is reasonable
to assume some correlation between the relative
magnitudes of corresponding 4-digit and 3-digit
SICs. A weaker relationship probably would be
found between 4-digit and 2-digit activity in many
cases.

Another stylized analysis can help to illustrate
the possible effects of dominant business size
on the concentric index. Imagine a firm such
as Consolidated Electric in 1988, in which all
4-digit SIC businesses fall within two separate
3-digit SICs and one 2-digit SIC. We can desig-
nate the two 3-digit SICs 7} and 7, and define
the sets of 4-digit businesses within those SICs
as T1 ={P1, Pan} and T2={Q1, Qsz}
The full set of businesses in the corporation
would be

WL ={P,P...Pi01,0:...04}

As indicated above, the product terms for all pairs
of businesses from within any 3-digit SIC are
given the weight d = 0 in the concentric index.
The effects on the concentric index of pairs of
businesses from within 3-digit SICs can thus be
ignored. For pairs that cross 3-digit SIC categories,
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d = 1. In this example, therefore

FDIVERS = [(P, + P, ...+ P,)
*(Q1+ Q...+ Qn)l*d

N
=) P*TQx1 (5)

i=1

However
Therefore

and substituting in Equation 5

N

N
FDIVERS = ) " P, (1— > P,~) (6)
i=1

i=1

Since T) = Y 1, P, the concentric index depends
entirely on the relative size of the 3-digit SICs in
this case. The distribution of activity within the
sets of 4-digit SIC businesses {P,, P, ... P,} and
{Q1,Q,...0,} has no effect on the index; only
the aggregate size of each set (7;) matters.

The effect of the size of a 3-digit SIC, T,
on the concentric index can be evaluated in a
relatively simple fashion. The concentric index
can be expressed as a function of Y, P = T,
as follows:

N N
FDIVERS = Y P, (1— > Pi)
i=1

i=1

=T(-T) =T — (1)’ ()
Differentiating for the effect of change in 7}

3 FDIVERS

= 1 — 2T1
ST,

‘We can solve for the value of 7} that will maximize
FDIVERS by setting the first derivative equal to
zero, i.e., 1 — 27, =0.

Therefore, 7; = 0.50 will maximize the concen-
tric index, FDIVERS.

The concentric index thus will be largest when
the two 3-digit SIC businesses are the same size.

Copyright © 2002 John Wiley & Sons, Ltd.

This result generalizes by multivariate analysis to
cases where the firm has more than two 3-digit
areas of business; the concentric index will assume
its largest value where 3-digit SICs are identical
in size. The same logic applies to distribution of
activity across 2-digit SICs for firms with multi-
ple 2-digit areas of business; the concentric index
will be largest where SICs are the same size. Con-
versely, the concentric index will decrease in mag-
nitude with disproportion among 3-digit or 2-digit
areas of business, ceteris paribus. Since smaller
values of the concentric index denote higher lev-
els of related diversification, we can expect domi-
nant business size to be positively associated with
related diversification as measured by the concen-
tric index—assuming some correlation between 4-
digit business focus and 3-digit or 2-digit SIC size.

We can see this effect in the comparison between
Consolidated Electric’s portfolio in 1988 and 1998.
The increase in dominant business focus at the 4-
digit level increased the relative size of one of
the 3-digit SICs from 50 percent to 80 percent of
corporate activity. This created an increase in the
level of related diversification, as measured by the
concentric index.

Uncertainties about the behavior of measures

The arguments above are essentially speculative.
They can be shown to apply to the measures under
a limited set of stylized conditions; however, it
is uncertain whether those conditions approximate
the real characteristics of corporations. This uncer-
tainty is compounded by the fact that different
factors—such as dominant business focus and pure
diversification—are likely to be interrelated in the
portfolios of real firms. Since some of these fea-
tures of portfolio composition can have opposed
effects on the measures, the sensitivities of mea-
sures to pure diversification and dominant business
focus are uncertain in practice.

The uncertainties associated with these assump-
tions can be readily illustrated. Two additional
stylized examples indicate the ways that the gen-
eralizations above may break down if assumptions
about portfolio composition are not met. Instead
of the portfolio in Figure 3, imagine that by 1998
Consolidated Electric had exited the businesses
it entered—electric light bulbs (3641), audio
records, tapes, and disks (3652), and radio and TV
broadcasting equipment (3663)—and diversified
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into two new related businesses: household laun-
dry equipment (3633) and electric housewares and
fans (3634). The relative sizes of businesses in this
example have also changed: power transformers
(3612) has grown to be the dominant business with
70 percent of activity, switchgear apparatus (3613)
continues to account for 10 percent, while the
other four businesses—household cooking equip-
ment (3631); household refrigerators and freez-
ers (3632); household laundry equipment (3633);
and electric housewares and fans (3634)—each
represent 5 percent of corporate activity in 1998.
This alternative scenario for 1998 is illustrated in
Figure 4.

The value of the concentric index would be
0.16 for this portfolio, indicating a high level of
related diversification. The related component of
the entropy index would be 1.07.

If we compare this portfolio to the original
firm in 1988 (Figure 1), we see that Consoli-
dated Electric has undergone an increase in the
number of businesses from four to seven; how-
ever, the entropy estimate of related diversifica-
tion has decreased from 1.38 to 1.07. Increase
in the size of the dominant business appears to
have had a negative effect on related entropy

that outweighs the positive effects of increase in
number of businesses.

The concentric index, on the other hand, has
been consistent in signaling a higher level of
related diversification with increase in the relative
magnitude of the dominant business. The concen-
tric index for Consolidated Electric in 1988 was
0.25, and it is 0.16 for this portfolio. However, like
the related entropy index, the concentric index also
cannot be relied upon to be consistent in all cases.

Another possible scenario for Consolidated Elec-
tric illustrates the type of uncertainties that may
be associated with the concentric index. Instead
of shifting toward the very strong dominant busi-
ness focus between 1993 and 1998 illustrated
in Figure 3, Consolidated Electric might have
undertaken a more moderate focusing strategy.
Power transformers (3612) might have grown to
40 percent of activity, and switchgear apparatus
(3613) diminished to 10 percent of corporate activ-
ity, while the rest of the firm remained essen-
tially the same as the 1993 portfolio. In that
case, Consolidated Electric would have become
seven businesses grouped within two 3-digit SICs
in 1998. Six of the businesses would have been
equal in size, while the seventh would have
been a dominant business with 40 percent of all

2-digit
80%
3-digit
70% 10% 5% 5% 5% 5%
3613 3631 31312 3633 %6123
3612 Switch| Hsh Refe| [Hsh
R Ckg efr Ldr Hsw
A-diit Power Transformers gear s & = &
S-digit
App qap Frzs AP lRans
1988 1998
Concentric Index of Related Diversification 0.25 0.16
Related Component of the Entropy Index 1.38 1.07

Figure 4. Consolidated Electric 1998
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2-digit
3-digit
40% 10% 10% 10% 10% 10% 10%
3613 3631 a5 3633 Jo 3635
4-digit 3612 Switch Hshld N Hshld - Hshld
181 ) Refrgs ) Hswrs
Power Transformers -gear Cookg % Lndry & Vacum|
App Eqpt Frars Eqpt Fans Clnrs
1988 1998
Concentric Index of Related Diversification 0.25 0.25
Related Component of the Entropy Index 1.38 1.75

Figure 5. Consolidated Electric 1998

corporate activity. This portfolio is illustrated in
Figure 5.

The concentric index for this portfolio is
0.25—identical to the original 1988 portfolio.
Despite the fact that the firm has shifted from
a portfolio with four equal-sized businesses to
one that has a 40 percent dominant business, the
concentric index estimate of related diversification
is the same as the original 1988 level—increased
focus has had no effect on the concentric index in
this case.

On the other hand, this shift has affected the
related component of the entropy index. The
related entropy index is 1.75 in this new sce-
nario—which represents a substantial increase
from the 1988 level of 1.38. An increase in the
number of businesses in the portfolio appears to
have had a greater effect on related entropy than
the shift toward a dominant business in this case,
and the entropy index measures an increase in
relatedness.

As these examples suggest, it is not possible to
determine ex anfe what sensitivities the measures
will exhibit for a given population of firms. The
examples and mathematical observations about the
construction of measures are suggestive, but they
cannot prove that the hypothesized sensitivities

Copyright © 2002 John Wiley & Sons, Ltd.

actually will be found in practice. Real firms might
be similar to Figures 1-3, or they might have
a greater resemblance to Figures 4 and 5. The
analysis above suggests reasonable grounds for
expecting specific types of sensitivities, but the
mathematical explorations cannot actually estab-
lish whether those sensitivities exist in practice.
It is necessary to carry out empirical analysis of
sensitivities using data on the types of firms that
researchers in corporate strategy actually study
in order to determine whether to anticipate these
types of responses from measures in practice.

SENSITIVITY OF MEASURES:
EMPIRICAL EVIDENCE

The analysis above leads to a set of straightfor-
ward expectations for the related diversification
measures. The concentric index can be expected
to be positively associated with the size of the
dominant business in a corporate portfolio and it
may be negatively associated with the number of
businesses in the portfolio. Conversely, the related
component of the entropy index can be expected to
increase with the number of businesses in a firm’s
portfolio and shrink with dominant business size.
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The simplest and most straightforward approach
to analyzing whether these expectations are likely
to hold up for the types of firms that are typi-
cally studied in strategy research is to examine
the empirical association between the measures of
related diversification and underlying dimensions
of portfolio strategy—dominant business focus
and pure diversification. If the portfolios of real
firms are structured in ways that result in sensi-
tivity to these underlying factors, then the related
diversification measures should show significant
correlations with dominant business size and num-
ber of businesses in a portfolio. These correlations
also would provide some indication of the poten-
tial power of these underlying factors to explain
apparent changes in related diversification.

Data and sample

An analysis of this type was carried out using
COMPUSTAT line of business data for the year
1995. A total of 8307 firms were listed with line
of business data in COMPUSTAT in 1995. Because
diversification measures are not relevant to single
business firms, corporations with only one business
segment were dropped from the sample, reducing
the total to 1707 firms. The majority of studies that
use diversification measures to examine corporate
strategy focus on very large firms; the sample was
refined further to reflect that fact. Firms with sales
less than $400 million were removed from the
sample, leaving a final sample of 840 firms.

Data on revenues and the distribution of sales
within the portfolios of firms were gathered from
the COMPUSTAT database. The proportions of
firm revenues within 4-digit SICs provided the
basis for the weights (P;) that were used in con-
structing both the related diversification measures
and the measures of pure diversification and dom-
inant business focus.

Variables

As indicated above, pure diversification is defined
in terms of the number of businesses or indus-
tries in which a firm is active (Jacquemin and
Berry, 1979; Pitts and Hopkins, 1982). Pure diver-
sification was operationalized here as the num-
ber of 4-digit SIC activities in which a firm was
listed as participating by the COMPUSTAT LOB
database in 1995. The mean number of 4-digit SIC

Copyright © 2002 John Wiley & Sons, Ltd.

industries for the firms in this sample was 3, with
a range of 2-10.

Dominant business focus was operationalized as
the relative size of the largest business within each
corporation’s portfolio. Information from COM-
PUSTAT was used to identify the 4-digit SIC
industry that accounted for the greatest propor-
tion of sales for each firm, and dominant business
focus was represented as the percentage of total
firm sales in the largest 4-digit SIC. The mean size
of the largest 4-digit SIC business for the firms in
the sample was 64 percent of firm sales, with a
range from 20 percent to 95 percent.

Results

Bivariate correlations for the related diversifica-
tion measures, dominant business size, and num-
ber of businesses are presented in Table 1. For
clarity in presentation, the concentric index was
recoded to reverse its sign. Higher values of con-
centric index signify greater related diversifica-
tion in this table, and a positive correlation with
the concentric index implies a positive associa-
tion with related diversification as measured by the
index.

As indicated in Table 1, the underlying dimen-
sions of portfolio strategy proved to be signifi-
cantly associated with both the related component
of the entropy index and the concentric index. The
sensitivity of the two diversification measures to
these features of portfolio strategy differed sub-
stantially. Dominant business size was positively
linked to related diversification as measured by the
concentric index (r = 0.73), and it had a negative
effect on the entropy measure of related diversifi-
cation (r = —0.42). The associations are reversed
for pure diversification; the number of businesses

Table 1. Correlation of related diversification mea-
sures with dominant business size and number of
businesses

Related Concentric
component index
of entropy

index
Size of dominant —0.42 0.73
business
Number of 0.35* —0.49*
businesses

n = 840; p < 0.001
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in a portfolio is positively linked to the entropy
measure of related diversification (r = 0.35), and
has a negative effect on the concentric index
(r = —0.49).

These empirical results suggest that the related
diversification measures are likely to exhibit sensi-
tivities similar to the hypothetical examples above
when they are used for research on large diversified
corporations. As indicated, these sensitivities may
differ among different populations of firms. How-
ever, they appear to be important for the types
of firms most commonly examined in empirical
research on corporate strategy.

IMPLICATIONS FOR RESEARCH

These features of the diversification measures
have important implications for interpretation and

design of research on corporate strategy. The anal-
ysis above suggests that a researcher can expect
significant differences in the content of the related
entropy and concentric indexes. The measures
appear to be driven in differing degrees by pure
diversification and dominant business focus—and
neither index necessarily measures portfolio relat-
edness. This raises important questions about the
meaning of research that employs these measures.
The ambiguity that these measures introduce into
the interpretation of research can be most readily
seen by examining some of the classic studies in
corporate strategy that have relied upon the con-
centric index or related entropy measure.

Table 2 summarizes a group of seminal stud-
ies that used either the concentric index or the
related component of the entropy index to ana-
lyze corporate strategy. The interpretations of find-
ings offered by the original authors were based

Table 2. Empirical studies utilizing the concentric index and related component of the entropy index

Study Research issue

Construct and
measure

Findings

Diversification and
performance

Firms’ diversity in response
to excess capacity of
factors.

Firms that elect to diversify
most widely should
expect the lowest average
rents

Montgomery and
Wernerfelt (1988)

Wernerfelt and
Montgomery
(1988)

Are widely diversified
(less-focused) firms less
able to transfer their
competencies to
different markets?

Does a firm’s return
decrease as they diversify
further afield?

Examines diversification-
performance relationships
distinguishing between
related and unrelated
diversification.

Hypothesizes that related
will outperform unrelated

Palepu (1985)

Jacquemin and Berry
(1979)

Relative comparison of
entropy and concentric
measures of
diversification

Analyzes growth rates by
related vs. unrelated
diversification

Construct: diversification

Construct: firm focus

Measure: concentric index

Construct: related vs.

Measure: related component

Construct:

Measure: related component

As firms diversify widely
described as wide (less their returns decline
similar) vs. narrow (more

similar)

Measure: concentric index

More focused (narrow
diversified) firms
outperform less focused
firms

Described as wide vs.
narrow diversification

Firms with related
diversification (related
entropy) outperform firms
with unrelated
diversification (unrelated
entropy)

unrelated diversification

of the entropy index

Firms pursuing related
diversification have
higher growth rates than
firms pursuing unrelated
diversification

diversification—related
vs. unrelated

of the entropy index

Copyright © 2002 John Wiley & Sons, Ltd.
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on the assumption that the concentric and related
entropy measures provided valid indicators of
related diversification. However, the influence of
dominant business focus or pure diversification
offer a variety of alternative explanations for the
research findings. The empirical evidence pre-
sented in the original studies does not provide a
basis for discriminating among these competing
interpretations.

Interpretation of research with the concentric
index

The studies by Montgomery and Wernerfelt
(Table 2) broke new ground in linking corporate
portfolio strategy to success in financial markets,
and they are among the most influential works on
diversification and firm performance. These studies
represented an important response to the debate
over ‘defensive diversification’ among researchers
in strategic management. They continue to
influence research in the fields of strategy, financial
economics, and industrial-organization economics
(Berger and Ofek, 1995; Comment and Jarrell,
1995; Davis and Thomas, 1993; Lang and Stulz,
1994).

The most important finding reported in these
papers was that firms with wider (less related)
diversification perform less well than firms with
more related portfolios. This finding raised seri-
ous questions about the idea that diversification
commonly represents a move from less attractive
to more attractive industries, and it was hailed as
empirical evidence that portfolio ‘relatedness’ has
a key role in diversification. It has been widely
cited in subsequent strategy research dealing with
diversification, and questions raised by these stud-
ies about portfolio composition and market perfor-
mance have been influential in the field of finance
as well.

However, a variety of alternative explanations
are plausible when we consider the fact that
the concentric index can be driven by dominant
business focus rather than related diversification.
For example, the differences in firm performance
observed by Montgomery and Wernerfelt might be
based on market power. Firms with large dom-
inant businesses may, on average, have greater
market power in their core industries and enjoy
higher performance as a consequence. Signaling
effects offer another plausible explanation. Corpo-
rations with large dominant businesses may have

Copyright © 2002 John Wiley & Sons, Ltd.

greater visibility within the investment community,
and the superior market performance observed by
Montgomery and Wernerfelt might be driven by
information or signaling effects.

An explanation that reverses causality also is
possible. Firms with a strong history of perfor-
mance in dominant businesses may have had less
incentive to invest resources in new businesses.
This could be true regardless of whether the
foregone diversification opportunities might have
resulted in wide diversification into a number of
new areas or narrower investment in related areas.

Montgomery and Wernerfelt’s empirical find-
ings do not provide a basis for choosing among
these competing explanations. Different research
designs employing different variables and differ-
ent data would have been required in order to
address many of these issues. These ambiguities
raise important questions about content validity
in the substantial body of subsequent research
that has relied upon Montgomery and Werner-
felt’s findings.

Interpretation of research with the related
component of the entropy index

Similar problems can be seen in interpretation
of research that has used the related compo-
nent of the entropy index. The two studies that
played the greatest role in introducing the mea-
sure into strategy research are Jacquemin and
Berry’s (1979) seminal work on diversification and
Palepu’s (1985) study of diversification and perfor-
mance. Jacquemin and Berry (1979) pioneered the
decomposition of the index into components rep-
resenting related and unrelated diversification and
provided an important early empirical statement
about the implications of related diversification for
firm growth. Palepu’s (1985) work served to pop-
ularize the related component of the entropy index
in strategy research, and it is one of the most
widely cited studies of the link between related
diversification and performance.

Jacquemin and Berry (1979) found a broad asso-
ciation between related diversification—measured
as the related component of the entropy index—
and firm growth. This was interpreted as evidence
for the impact of related diversification on firm
performance. However, the interpretation of the
related component of the entropy index as a mea-
sure of relatedness raises important questions about
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the findings. The sensitivity of the related compo-
nent to pure diversification opens the possibility
that a firm may have a higher level of related
entropy solely because it has a greater number
of businesses within the corporate portfolio. We
would expect to see an association between related
entropy and growth if the firms in Jacquemin and
Berry’s (1979) sample typically grew by entering
new businesses. The observed link between related
entropy and firm growth may simply indicate a pat-
tern of growth through new business formation or
acquisition.

The link found by Palepu (1985) between
the related component of the entropy index and
firm performance also may indicate the effects
of pure diversification rather than relatedness.
Higher levels of related entropy may be driven
by larger portfolios. In that case, the association
between related entropy and performance might
simply indicate that higher performing firms are
expanding more rapidly.

One of the most striking problems introduced
by the ambiguity of these indexes is the fact
that findings which previously appeared to sup-
port the same position may actually contradict
each other. These studies of related diversifica-
tion and performance are a case in point. The
findings by Montgomery and Wermerfelt (1988)
or Wernerfelt and Montgomery (1988) might actu-
ally stand in direct opposition to Palepu’s (1985)
work. Palepu’s (1985) study may have documented
a positive relationship between pure diversifica-
tion and performance, while the Montgomery and
Wernerfelt (1988) study may indicate that firms
with activity concentrated in a dominant business
outperform firms with more diversified portfolios.
We cannot determine whether or not this contra-
diction exists because problems of content validity
make it difficult to support a definite interpretation.
Uncertainties about the measures give rise to these
ambiguities in interpretation of the research.

This is the type of validity problem that Blalock
(1985) signals in his discussions of the ‘auxil-
iary theories’ that link measures to concepts. The
auxiliary theories that define the concentric and
related entropy indexes as measures of related
diversification exhibit basic weaknesses. The logic
linking measure and concept is tenuous, and we
can find empirical evidence that supports plausi-
ble alternative theories about the content of the
measures.

Copyright © 2002 John Wiley & Sons, Ltd.

Implications for research design

The validity problems associated with these mea-
sures pose important challenges to students of
strategic management. As noted above, measures
of relatedness have come to play a vital part in
research on a wide variety of topics in strategic
management, financial economics, and industrial-
organization economics. The fact that the most
widely used indicators of related diversification
cannot be treated as reliable measures of ‘relat-
edness’ within corporate portfolios creates a real
dilemma for researchers.

It may be important for researchers to test the
sensitivity of findings to underlying dimensions of
portfolio strategy such as dominant business focus
and pure diversification in studies where ambigu-
ities in the meaning of measures have significant
implications for the interpretation of results. And it
also is important for researchers to recognize that
the selection of a measure of related diversifica-
tion may play a role in research design. Measures
vary in their suitability for specific research prob-
lems, and both the related entropy and concentric
indexes must be used with caution.

Sensitivity testing

Researchers sometimes face situations in which
theory is equivocal about elements of portfo-
lio strategy such as focus and diversification.
For example, firms may respond to certain types
of economic pressures by either expanding their
portfolios or focusing, and researchers may be
interested in the conditions that differentiate the
two types of responses (Kochhar and Hitt, 1998;
Lane, Cannella, and Lubatkin, 1998). A prudent
approach to research design under those circum-
stances might involve testing whether findings
based on the use of either the related entropy or
concentric measures are also significantly affected
by dominant business focus or pure portfolio diver-
sification. Sensitivity testing may help researchers
evaluate the validity of findings, and it may inform
decisions about model specification.

Selection of measures

The selection of measures is another area in which
strategy research can benefit from greater attention
to the content validity of diversification indexes.
The importance of pure diversification and domi-
nant business focus may vary for different research
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topics, and the choice of a related diversification
measure has the potential to influence the outcome
of research.

The observations above suggest that the related
component of the entropy index may be prefer-
able in situations where sensitivity to dominant
business focus could affect the substantive inter-
pretation of research. Conversely, the concentric
index may be more suitable if pure diversification
has the potential to produce confounding results.
Measure selection cannot serve as a substitute for
sensitivity testing and caution in the interpretation
of findings, but it may contribute to the validity
of individual studies and improve consistency of
results across studies.

CONCLUSION

The content validity of the related entropy and con-
centric measures has serious implications for strat-
egy research. Although questions about content
validity have been largely neglected by researchers,
content validity reaches to the core of empirical
work in strategy. The measures of related diver-
sification analyzed in this paper are mainstays
of strategy research, but their empirical content
remains little understood and even less discussed.
The analysis presented here indicates that the mea-
sures can be expected to behave in different ways,
and that links between the measures and the con-
cept of portfolio ‘relatedness’ are uncertain. Those
ambiguities may have important consequences for
the interpretation of prior research and the design
of future studies. Explicit consideration of these
issues may help researchers understand why past
research has been equivocal on many key issues of
corporate strategy, and it may provide a means of
achieving stronger and more valid empirical find-
ings in the future. It may also guide the continuing
efforts of researchers to develop new approaches
to measurement of corporate portfolio composi-
tion that can improve the validity of research
on strategy.
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