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Abstract  Chinese researchers have long preferred substantive research (i.e., 
examination of relationships among variables) to construct validation research, 
while failing to realize that construct validation research is the foundation of 
substantive research. This paper endeavors to answer a question: Do Rumelt’s 
(1974) categorical and Standard Industrial Classification (SIC) and skill-based 
continuous measures capture the same construct of diversity in the context of 
China? We take two steps to investigate the question. First, are continuous 
measures (SIC & skill-based entropy and Montgomery product count) 
appropriately differentiated among Rumelt’s categories? Second, are the 
categories converted from SIC & Skill-based measures convergent to Rumelt’s 
categorical measures? Results show that the two measures are consistent with 
each other. 
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1  Introduction 

In empirical studies on diversification strategy, no matter we regard diversifica- 
tion as a dependent, independent or intermediate variable, we would inevitably 
encounter the measurement problem of diversification. Then, which indicator or 
measurement reflects the extent and type of enterprise diversification? At present, 
there are two types of diversification measurement: continuous or categorical. In 
diversification research, especially in empirical study on the relationship between 
diversification and corporate performance, both methods have been widely 
applied (e.g., Christensen and Montgomery, 1981; Rumelt, 1974, 1982; 
Montogomery, 1982; Markides, 1995; Mayer and Whittington, 2003; Gort, 1962; 
Markham, 1973; Palepu, 1985; Amit and Livnat, 1988; Baysinger and Hoskisson, 
1989; Markides, 1995; Boyd, Gove and Hitt, 2005). However, findings about the 
relationship between diversification and corporate performance are not consistent 
(Ramanujam and Varadarajan, 1989). Similarly, different diversification 
measurement methods have also been employed in the Chinese empirical 
research. For example, Li and Zhao (1998), and Li (2002) adopted specialization 
ratio and strategy categories; Yin (1998), Jiang, Liu and Lu (2006), Zhu (1999), 
Zhang, Yuan and Chen (2002), Yao, Lü and Lan (2004), Ni and Zhang (2005), 
Shao and Liu (2006), Hong and Xiong (2006), Qiu and Hou (2006) and Huang 
(2007) used continuous measurements such as business count method, 
Herfindahl index, and entropy index. In addition, these studies arrived at 
different conclusions of the relationship between diversification and performance. 
Why are the findings inconsistent? 

Between the 1980s and 1990s, a group of scholars examined the reliability and 
validity of different measurement methods of diversification. For example, the 
SIC-based measurement method was considered suitable for study of 
industry-level differences between diversified and non-diversified enterprises, 
while the categorical measurement is appropriate for the study of strategy-level 
differences between related and unrelated diversified companies (Pitts and 
Hopkins, 1982). Palepu (1985) proposed that different findings from two schools 
in the research of the relationship between diversification and corporate 
performance mostly came from the different measurement methods, as the 
industrial organization school preferred continuous measurement while the 
strategic management school preferred categorical measurement. A survey of 128 
large listed companies in the U.S. demonstrated the consistency between 
Rumelt’s categorical measurement and product count measurement (Montgomery, 
1982). Another large scale survey showed that Rumelt’s categorical measurement 
was highly consistent with entropy index approach, while business-count 
approach was lowly convergent with the two methods above (Hoskisson, Hitt, 
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Johnson and Moesel, 1993). However, inconsistency was reported among the 
three measurement methods, i.e., Rumelt’s categorical measurement, entropy 
index approach and business-count approach (Hall and John, 1994). Obviously, 
the findings of the latter two studies did not support Montgomery’s (1982) view. 
Later, Farjoun (1998) developed the skill-based continuous measurement (similar 
to the SIC-based entropy measurement), and he confirmed the discriminant 
validity between them, but did not provide evidence to support the convergent 
validity between the two. 

At present, with more access to data of Chinese listed companies, many 
scholars can use different methods to measure the type and degree of corporate 
diversification and to study the relationships between diversification and other 
variables. As Hoskisson et al. (1993) pointed out that, the above research can be 
divided into two groups: substantive research that examines the relationship 
research among variables versus construct validation research that focuses on 
measurement properties of the construct, such as content validity, reliability, 
convergent validity, discriminant validity, and criterion validity. Most scholars 
placed more emphasis on substantive research than construct validation research, 
regardless of the fact that the latter is the foundation of the former. However, if 
the constructs have measurement problems, the relationships among these 
constructs make no sense (Schwab, 1980; Venkatraman and Grant, 1986). 
Likewise, scholars in China in the area of corporate diversification preferred 
substantive research to construct measurement research. Under such a 
circumstance, a basic question remains unanswered: Do different methods that 
measure corporate diversification capture the same construct? Or are different 
measurement methods consistent with each other or convergent to the same 
construct? This article attempts to answer the basic question in the Chinese 
context by two steps. In step one, we tested whether the SIC-based and 
skill-based continuous measures were appropriately differentiated among 
Rumelt’s categorical measure. In step two, we transform the SIC-based and 
skill-based continuous measurements into categories by cluster analysis method, 
and then test whether the transformed categorical measures are convergent to 
Rumelt’s categorical measure. 

2  Theoretical Background 

2.1  Categorical Measures 
 
The categorical measurement of corporate diversification derives from the basic 
theory of strategic management. The theory of strategic management conceives 
of two main features of diversification. One is the extent to which enterprises 
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participate in each business; the other is the degree to which a new business 
relates with the original one. Therefore, the categorical measurement method 
focuses on two dimensions: specialization ratio and relatedness ratio. An 
enterprise is categorized into different types of diversification by the two 
dimensions. Specialization ratio reflects the degree to which an enterprise is 
engaged in each business, while relatedness ratio captures the degree to which 
the businesses that an enterprise enters relate with each other. Categorical 
measurement was firstly proposed by Wrigley (1970), and he divided 
diversification into four types according to the two dimensions of specialization 
ratio (SR) and relatedness ratio (RR). The four types include single, dominant, 
related and unrelated business. Later, Rumelt (1974) improved this method by 
involving two new dimensions. One is constrained diversification, which is 
different from linked diversification. The former refers to each business unit in 
an enterprise is related with its core business, while the latter means that each 
business is correlated with at least one of the other businesses rather than all. The 
other is vertical dominant diversification, which refers to vertical corporations. In 
this way, Wrigley’s four types of diversification are further split into eight 
subtypes, namely single, vertical-dominant, constrained-dominant, related- 
dominant, unrelated-dominant, constrained-linked, related-linked and unrelated 
business.  

The remarkable feature of categorical measurement is its embodiment of a 
variety of sharing between businesses in an enterprise, such as production, 
marketing, channeling and technical sharing. The measurement was widely 
adopted by researchers (Bettis, 1981; Christensen and Montgomery, 1981; 
Montgomery, 1982, 1985; Chartterjee and Blocher, 1992; Hoskisson et al., 1993). 
Montgomery (1982) found that categorical measurement was relevant to 
continuous measurement. Chartterjee and Blocher (1992) and Hoskisson et al. 
(1993) also found that Rumelt’s categorical measurement has high content 
validity in certain areas. However, shortcomings of the measurement were also 
revealed. For example, it may have low reliability due to its high subjectivity 
because it relies heavily on the researcher’s personal understanding and 
judgments to identify the relationship among businesses an enterprise enters. It is 
also much time-consuming even impossible to collect sufficient relevant 
information to identify the relationship among businesses. Therefore, some 
scholars are skeptical of this measurement. Pitts and Hopkins (1982) argued that 
the subjective judgment process leads to different outcomes even when studying 
the same enterprise due to low research reliability.  
 
2.2  Continuous Measures 
 
Continuous measurement of corporate diversification is theoretically based on 
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the industrial organization theory, which defines corporate diversification from 
the angle of industry in which the business activities locate. Therefore, 
continuous measurement measures diversification according to the industrial 
distribution of an enterprise. The measurement employs the SIC code to define 
various indices to reflect the degree of diversification. SIC code was created by 
the U.S. National Bureau of Statistics in accordance with the “product 
categories.” SIC code uses a 7-digit figure to distinguish goods and services, 
each figure representing different levels of classification. The 4-digit SIC code 
has been widely used in academic research. The first two digits represent an 
industry sector; the latter two specific business category. The continuous 
measurement consists of several approaches, which are listed below. 
 
2.2.1  Business-Count Approach 
 
Gort (1962) defined diversification as an increased number of heterogeneous 
markets an enterprise enters. He is the first scholar to measure corporate 
diversification using SIC code. Later, several similar business count 
measurements emerged. Wood (1971) identified broad spectrum diversity (BSD) 
and narrow spectrum diversity (NSD), with BSD referring to the number of 
businesses that an enterprise is engaged in 2-digit SIC industries, and NSD 
referring to the number of businesses in 4-digit SIC industries. Based on the two 
concepts, Varadarajan and Ramanujam (1987) invented mean narrow spectrum 
diversity (MNSD), namely the ratio of NSD divided by BSD. 
 
2.2.2  Entropy Index Approach 
 
In order to overcome the subjectivity of categorical measurement and the 
shortcomings of business-count approach (i.e., cannot distinguish between 
related and unrelated diversification) (Montgomery, 1982), some scholars 
attempted to create a new continuous measurement to integrate the merits of both 
categorical and continuous measurements. The new measurement can reflect the 
diversification degree as well as can be transformed into categorical measure to 
describe the diversification type as Rumelt’s measurement does. Entropy index is 
created as one of the integrated approaches. Entropy index approach 
distinguishes the relatedness among businesses in different 2-digit SIC industries 
from the relatedness among businesses within the same 2-digit SIC industry. 
Jacquemin and Berry (1979) constructed the equation of entropy index approach 
as follows: 

 1
ln(1/ ),

n

i i
i

EDI p p
=

= ∑
 

(1) 
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where pi refers to the sales proportion of the businesses in 2-digit or 4-digit SIC 
industries in the total sales of an enterprise; n refers to the number of 2-digit or 
4-digit SIC industries in which an enterprise is engaged in. Total diversification 
(DT) and unrelated diversification (DU) can be calculated through the entropy 
index approach according to different meanings pi and n represent. When pi is the 
sales proportion of the businesses in 4-digit SIC industries in the total sales, and 
n is the number of 4-digit SIC industries, entropy index refers to DT; when pi is 
the sales proportion of the businesses in 2-digit SIC industries in the total sales, 
and n is the number of 2-digit SIC industries, the entropy index refers to DU. 
Related diversification (DR) is the difference between DU and DT. 
 
2.2.3  Product Count Measures (Herfindahl Index) 
 
Berry (1971) and Mcvey (1972) independently used Herfindahl index to measure 
corporate diversification. The formula is as follows: 
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where pi refers to the sales or asset proportion of the businesses in 2-digit, 3-digit 
or 4-digit SIC industries in the total sales of an enterprise, and n refers to the 
number of 2-digit, 3-digit or 4-digit SIC industries in which an enterprise is 
engaged in. The product count measures were firstly proposed by Montgomery 
(1982). The measurement is similar to Herfindahl index. Its formula is as 
follows: 

 

2

2,3,4 21 ,
( )

ijj

ijj

m
Diversification

m
= −

∑
∑  

(3) 

where mij refers to the percentage of firm i’s total sales in market j. 
 

2.3  Skill-Based Measurement 
 

Although the relatedness among businesses cannot be directly captured, it can be 
measured indirectly through inputs (such as skilled employees and specialized 
facilitates). If the inter-industry skill relatedness can be measured, so can 
corporate diversification using the skill relatedness between industries in which 
an enterprise is engaged in. Farjoun (1998) focused on two important kinds of 
relatedness: physical and skill relatedness. Physical relatedness concerns with 
relations among the physical characteristics of products, whereas skill relatedness 
highlights the resources such as research and development teams, experienced 
salespersons, and managerial and other skills common to two or more products. 
Similarity or complementarity of the physical attributes of products is the 
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overarching criterion for relatedness used by the SIC code. Therefore, SIC-based 
measures of corporate diversification such as entropy and Herfindahl indices 
reflect the physical relatedness between businesses within an enterprise rather 
than the skill relatedness. Therefore, SIC-based measurement and inter-industry 
skill relatedness measurement can be integrated to reflect both physical and skill 
relatedness of an enterprise. Using the skill-based approach, each industry is 
characterized by its underlying profile of specialties defined as the different types 
and extent of human skills required in the industry, as indicated by occupational 
distributions. Using cluster analysis with the Occupational Employment Survey 
data from United States Department of Labor and Statistics, Farjoun (1998) 
regrouped the 90 3-digit SIC industries within 20 2-digit SIC sectors with similar 
skill profiles into 8 skill-related industry groups. After the classification, we can 
calculate the skill-based Herfindahl and entropy indices to measure corporate 
diversification. 

3  Sample and Measurements 

3.1  Sample Selection 
 

We focused on the companies in manufacturing sector listed in Shanghai Stock 
Exchange and Shenzhen Stock Exchange to control industrial effects. The 
Industrial Classification of National Economy (GB/T4754-2002) issued by the 
National Council of China in 2002 was followed in coding different industries. 
Data of the sampled companies in 2006 were collected from the Wind database. 
After deleting the missing data, the final sample consisted of 222 listed 
manufacturing companies. 

 
3.2  Diversification Measurement 

 
3.2.1  Rumelt’s Categorical Measurement 

 
In step 1, we calculated each company’s specialized ratio (SR), vertical ratio (VR) 
and related ratio (RR) according to the methods suggested by Rumelt (1974), 
Palepu (1985) and Hall and John (1994). To guarantee the reliability of our 
calculation, we took the following steps. Firstly, three coders coded the sample 
double-blindly and classified Rumelt’s categories independently. Then, the 
research team leader combined the encoding results and discussed them with the 
three coders. The three-coder-agreement rate for the coding of companies was 
more than 70% and the two-coder-agreement rate exceeded 90%. For those 
inconsistent results, we gathered more information about the companies from 
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their official website, related websites, and other materials. After discussion, the 
three coders agreed on the final results.  

In step 2, three of the authors classified all sampled companies into eight 
Rumelt’s categories on the basis of the above VR, RR and SR in a double-blind 
fashion and using the criterion suggested by Rumelt’s (1974), Palepu (1985), and 
Hall and John (1994). Then the research team leader summarized the 
classification results. The three-researcher-agreement rate exceeded 90%. The 
disagreement mainly lied in the classification between constrained business and 
linked business. We continued to discuss the disagreed classification, using more 
company information and consulting relevant experts till a fully-agreed 
classification result was achieved. Following Rumelt’s (1974) suggestion, the 
final sample categories were reduced from the original eight to five.  

 
3.2.2  SIC-Based Continuous Measurement 

 
We used two types of SIC-based continuous measurements, including the 
Herfindahl index proposed by Montgomery (1982), and the entropy index 
suggested by Palepu (1985). The listed companies reported the data according to 
The Guidelines of Industrial Classification of Listed Companies issued by China 
Securities Regulatory Commission (CSRC). We employed 3-digit SIC industry 
data to calculate the total diversity (DT) because the 4-digit SIC codes in CSRC 
guidelines are correspondent with the 3-digit SIC codes in the guidelines of 
National Council of China. We took the same coding method and procedure as 
above. The three-researcher-agreement rate was more than 70% and the 
two-researcher-agreement rate exceeded 90%. We finally arrived at a consensus 
after long discussion between research team leader and the three coders. 

 
3.2.3  Skill-Based Continuous Measurement 

 
We used the data on “industry” and “profession” from The Fifth Nationwide 
Census in 2000. There are 64 types of professions in The Guidelines of 
Professions Classification of the People’s Republic of China. Some professions 
were deleted or merged due to the following reasons: First, there were two few 
people in the profession. For example, we deleted the professions of “sports 
worker” and “religion workers” for there were two and zero person in the 
category, respectively; second, we combined some similar profession types and 
the professions having a very small proportion in the manufacturing sector. For 
example, we combined three similar and peripheral types of professions, i.e., “the 
head of Central Committee of the Communist Party of China and of various 
Communist Party of China organizations,” “the head of various China’s state 
organs and their affiliations,” and “the head of the democratic parties and various 
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social groups, and their affiliations.” In so doing, we reduced the original 64 
types of professions into 50 types. Using the data on “industry” and “profession” 
from The Fifth Nationwide Census, we calculated the distribution of the 50 
professions across the 168 three-digit SIC manufacturing industries, which 
belonged to thirty-three two-digit SIC industries. Following Farjoun’s (1998) 
procedures, we used hierarchical and nonhierarchical clustering algorithms and 
Ward’s method to sort the 168 three-digit SIC manufacturing industries into 
thirty-three skill-based groups. 

The 3-digit SIC industries originally within the same 2-digit SIC industry 
might be classified into different skill-based groups. For example, in a skill-based 
group, there are fourteen 3-digit SIC industries (i.e., C368, C391, C392, C393, 
C395, C397, C409, C411, C412, C413, C414, C415, C419, C275), which are 
from five different two-digit SIC industries (i.e., C27, C36, C39, C40, C41). In 
this group, the largest proportion of profession is “mechanical and electrical 
product assembling,” amounting to about 23.24%. Although the 14 3-digit-SIC 
industries were classified into different 2-digit SIC industries in accordance with 
the SIC code system, they shared the highest proportion of professional workers. 
Therefore, we regarded them as skill-based related industries, i.e., skill 
relatedness. 

Three researchers of this paper calculated the skill-based entropy indices (i.e., 
DU_Skill and DR_Skill) and the skill-based Herfindahl index (i.e., H_Skill) 
according to the skill-based classification separately and independently. The 
three-researcher-agreement rate was more than 80% and the two-researcher- 
agreement rate exceeded 90%. The researchers discussed the inconsistent results 
until a consensus was reached. 

4  Data Analysis 

4.1  Comparison of Continuous Measures and Rumelt’s Categorical Measures 
 

The first objective of this study is to determine whether the continuous measures 
of diversification can be used to differentiate between Rumelt’s categorical 
measures. For each of eight and five Rumelt’s different categories, we estimated 
the mean scores of SIC-based entropy indices, mean scores of SIC-based 
Herfindahl indices, and mean scores of skill-based entropy and Herfindahl 
indices. Using ANOVA method and the post hoc Scheffe’s tests, we determined 
differences between a category mean and the overall mean for the other 
categories. The larger the differences are, the more possible that the continuous 
measures can be differentiated among Rumelt’s categorical measures. 

The results of this analysis are shown in Table 1. 



Ta
bl

e 
1 

 C
on

tin
uo

us
 D

iv
er

si
fic

at
io

n 
M

ea
su

re
s v

s. 
C

at
eg

or
ic

al
 D

iv
er

si
fic

at
io

n 
M

ea
su

re
sa   

 
M

ea
n 

sc
or

e 
of

 S
IC

-b
as

ed
  

en
tro

py
 in

di
ce

s b
 

M
ea

n 
sc

or
e 

of
 S

IC
-b

as
ed

 
H

er
fin

da
hl

 in
di

ce
s c

 
M

ea
n 

sc
or

e 
of

 sk
ill

-b
as

ed
 

en
tro

py
 in

di
ce

s d
 

M
ea

n 
sc

or
e 

of
 

sk
ill

-b
as

ed
 

H
er

fin
da

hl
 

in
di

ce
s d  

R
um

el
t’s

  
ca

te
go

ry
 

N
 

D
T_

SI
C

 
D

R
_S

IC
 

D
U

_S
IC

H
_S

IC
3 

H
_S

IC
2 

D
R

_S
ki

ll 
D

U
_S

ki
ll 

H
_S

ki
ll 

1.
 S

in
gl

e 
bu

si
ne

ss
 

45
0.

10
2 

1 
(–

)**
*

0.
02

4 
8 

(–
)**

*
0.

07
7 

3 
(–

)**
*

0.
05

4 
5 

(–
)**

*
0.

04
0 

3 
(–

)**
*

0.
02

3 
3 

(–
)**

*
0.

07
8 

7 
(–

)**
*

0.
04

0 
8 

(–
)**

*  

2.
 D

om
in

an
t-

ve
rti

ca
l 

70
0.

48
0 

3 
0.

17
9 

1 
(+

)**
0.

30
1 

2 
(–

)*
0.

27
1 

1 
0.

17
0 

4 
(–

)**
0.

17
6 

8 
0.

30
3 

4 
0.

17
2 

6 
(–

)*  

3.
 D

om
in

an
t-

co
ns

tra
in

ed
11

0.
21

2 
8 

(–
)**

0.
10

8 
1 

0.
10

4 
7 

(–
)**

0.
11

2 
9 

(–
)**

0.
04

9 
8 

(–
)**

0.
12

2 
0 

0.
09

0 
8 

(–
)**

0.
04

3 
6 

(–
)**

 

4.
 D

om
in

an
t-

lin
ke

d 
7 

0.
32

7 
5 

0.
10

5 
3 

0.
22

2 
2 

0.
18

6 
8 

0.
12

5 
5 

0.
11

3 
3 

0.
21

4 
1 

0.
12

4 
5 

5.
 D

om
in

an
t-

un
re

la
te

d 
21

0.
48

8 
6 

0.
04

9 
1 

0.
43

9 
6 

0.
27

9 
4 

0.
25

2 
9 

0.
04

4 
7 

(–
)*

0.
44

3 
9 

0.
25

5 
2 

6.
 R

el
at

ed
- 

co
ns

tra
in

ed
13

0.
55

2 
2 

0.
07

7 
7 

0.
47

4 
5 

0.
33

5 
0 

0.
29

1 
2 

0.
12

7 
0 

0.
42

5 
2 

0.
25

4 
3 

7 
R

el
at

ed
- 

lin
ke

d 
13

0.
72

5 
5 

(+
)**

0.
30

7 
6 

(+
)**

*
0.

41
7 

9 
0.

44
9 

6 
(+

)**
0.

25
9 

0 
0.

32
3 

6 
(+

)**
0.

40
1 

9 
0.

25
4 

2 

8.
 U

nr
el

at
ed

 
bu

si
ne

ss
 

42
0.

97
9 

2 
(+

)**
*

0.
15

1 
6 

0.
82

7 
6 

(+
)**

*
0.

56
7 

7 
(+

)**
*

0.
49

4 
2 

(+
)**

*
0.

22
0 

7 
(+

)**
0.

75
8 

5 
(+

)**
*

0.
45

4 
5 

(+
)**

*  

 
 

 
 

 
 

 
 

 
 

M
ea

n 
 

0.
49

9 
3 

0.
12

6 
1 

0.
37

3 
2 

0.
28

7 
8 

0.
21

7 
9 

0.
14

2 
5 

0.
35

6 
8 

0.
20

8 
7 

F-
St

at
is

tic
 e

 
26

.8
02

**
*  

3.
32

7**
*  

23
.8

70
**

*
30

.4
23

**
*  

25
.5

88
**

*  
3.

50
7**

*  
19

.3
15

**
*  

20
.8

18
**

*  
R2  

 
0.

36
4**

*  
0.

01
1 

0.
36

3**
*  

0.
39

9**
*  

0.
38

5**
*  

0.
03

5**
*  

0.
31

3**
*  

0.
33

5**
*  

 
 

 
 

 
 

 
 

 
 

1.
 S

in
gl

e 
 

bu
si

ne
ss

 
45

0.
10

2 
1 

(–
)**

*
0.

02
4 

8 
(–

)**
*

0.
07

7 
3 

(–
)**

*
0.

05
4 

5 
(–

)**
*

0.
04

0 
3 

(–
)**

*
0.

02
3 

3 
(–

)**
*

0.
07

8 
7 

(–
)**

*
0.

04
0 

8 
(–

)**
*  

2.
 D

om
in

an
t-

ve
rti

ca
l 

70
0.

48
0 

3 
0.

17
9 

1 
(+

)**
0.

30
1 

2 
(–

)*
0.

27
1 

1 
0.

17
0 

4 
(–

)**
0.

17
6 

8 
0.

30
3 

4 
0.

17
2 

6 
(–

)*  

(T
o 

be
 c

on
tin

ue
d)

 



(C
on

tin
ue

d)
 

 
M

ea
n 

sc
or

e 
of

 S
IC

-b
as

ed
  

en
tro

py
 in

di
ce

s b
 

M
ea

n 
sc

or
e 

of
 S

IC
-b

as
ed

 
H

er
fin

da
hl

 in
di

ce
s c

 
M

ea
n 

sc
or

e 
of

 sk
ill

-b
as

ed
 

en
tro

py
 in

di
ce

s d
 

M
ea

n 
sc

or
e 

of
 

sk
ill

-b
as

ed
 

H
er

fin
da

hl
 

in
de

x 
d  

R
um

el
t’s

  
ca

te
go

ry
 

N
 

D
T_

SI
C

 
D

R
_S

IC
 

D
U

_S
IC

H
_S

IC
3 

H
_S

IC
2 

D
R

_S
ki

ll 
D

U
_S

ki
ll 

H
_S

ki
ll 

3.
 D

om
in

an
t 

bu
si

ne
ss

 
39

0.
38

1 
9 

(–
)*

0.
07

5 
8 

0.
30

6 
1 

0.
21

5 
8 

(–
)**

0.
17

2 
8 

0.
07

8 
8 

0.
30

3 
1 

0.
17

2 
0 

4.
 R

el
at

ed
  

bu
si

ne
ss

 
26

0.
63

8 
9 

(+
)*

0.
19

2 
7 

0.
44

6 
2 

0.
39

2 
3 

(+
)**

0.
27

5 
1 

0.
22

5 
3 

(+
)*

0.
41

3 
5 

0.
25

4 
2 

5.
 U

nr
el

at
ed

 
bu

si
ne

ss
 

42
0.

97
9 

2 
(+

)**
*

0.
15

1 
6 

0.
82

7 
6 

(+
)**

*
0.

56
7 

7 
(+

)**
*

0.
49

4 
2 

(+
)**

*
0.

22
0 

7 
(+

)**
0.

75
8 

5 
(+

)**
*

0.
45

4 
5 

(+
)**

*  

 
 

 
 

 
 

 
 

 

M
ea

n 
22

2
0.

49
9 

3 
0.

12
6 

1 
0.

37
3 

2 
0.

28
7 

8 
0.

21
7 

9 
0.

14
2 

5 
0.

35
6 

8 
0.

20
8 

7 

F-
St

at
is

tic
 f  

 
43

.9
98

**
*  

4.
03

3**
*  

37
.8

43
**

*
49

.3
69

**
*  

40
.5

33
**

*  
4.

94
7**

*  
29

.8
37

**
*  

32
.2

99
**

*  

R2  
 

0.
38

1**
*  

0.
01

5*  
0.

36
8**

*  
0.

41
3**

*  
0.

38
7**

*  
0.

04
3**

*  
0.

31
5**

*  
0.

33
6**

*  
N

ot
e:

 a
. A

 p
lu

s 
or

 m
in

us
 s

ig
n 

in
 b

ra
ck

et
s 

in
di

ca
te

s 
ca

te
go

ry
 m

ea
ns

 th
at

 a
re

 s
ig

ni
fic

an
tly

 g
re

at
er

 th
an

 (+
) o

r l
es

s 
th

an
 (–

) t
he

 m
ea

n 
fo

r a
ll 

ot
he

r c
at

eg
or

ie
s 

(t-
te

st
s)

; 
 

b.
 M

ea
n 

sc
or

e 
of

 S
IC

-b
as

ed
 e

nt
ro

py
 in

di
ce

s w
er

e 
ca

lc
ul

at
ed

 a
cc

or
di

ng
 to

 th
e 

m
et

ho
ds

 p
ro

po
se

d 
by

 P
al

ep
u 

(1
98

5)
; 

 
c.

 M
ea

n 
sc

or
e 

of
 S

IC
-b

as
ed

 H
er

fin
da

hl
 in

di
ce

s w
er

e 
ca

lc
ul

at
ed

 a
cc

or
di

ng
 to

 th
e 

m
et

ho
ds

 p
ro

po
se

d 
by

 M
on

tg
om

er
y 

(1
98

2)
, H

_S
IC

3 
is 

th
e 

H
er

fin
da

hl
 

in
de

x 
fo

r 3
-d

ig
it 

SI
C

 in
du

st
rie

s, 
H

_S
IC

2 
th

e 
H

er
fin

da
hl

 in
de

x 
fo

r 2
-d

ig
it 

SI
C

 in
du

st
rie

s;
  

d.
 F

ol
lo

w
in

g 
th

e 
m

et
ho

d 
of

 F
ar

jo
un

 (
19

98
), 

w
e 

re
cl

us
te

re
d 

th
e 

16
8 

th
re

e-
di

gi
t S

IC
 in

du
st

rie
s 

in
to

 3
3 

sk
ill

-b
as

ed
 g

ro
up

s 
us

in
g 

th
e 

di
st

rib
ut

io
n 

of
 5

0 
pr

of
es

si
on

s 
ac

ro
ss

 th
e 

16
8 

th
re

e-
di

gi
t S

IC
 m

an
uf

ac
tu

rin
g 

in
du

st
rie

s. 
Th

en
 w

e 
co

m
pu

te
d 

sk
ill

-b
as

ed
 e

nt
ro

py
 in

di
ce

s 
ac

co
rd

in
g 

to
 th

e 
m

et
ho

d 
pr

op
os

ed
 

by
 P

al
ep

u 
(1

98
5)

 a
nd

 H
er

fin
da

hl
 in

de
x 

ac
co

rd
in

g 
to

 th
e 

m
et

ho
d 

su
gg

es
te

d 
by

 M
on

tg
om

er
y 

(1
98

2)
. H

_S
ki

ll 
is

 th
e 

H
er

fin
da

hl
 in

de
x 

fr
o 

2-
di

gi
t S

IC
 

in
du

st
rie

s;
 

e.
 T

he
 d

eg
re

e 
of

 fr
ee

do
m

 o
f F

 te
st

 is
 (7

, 2
14

); 
 

f. 
Th

e 
fr

ee
do

m
 d

eg
re

e 
of

 F
 te

st
 is

 (4
, 2

17
); 

g.
 T

he
 to

ta
l n

um
be

r o
f o

bs
er

va
tio

n 
is

 2
22

. *
 in

di
ca

te
s 

si
gn

ifi
ca

nt
 a

t l
ev

el
 0

.1
0,

 *
* 

in
di

ca
te

s 
si

gn
ifi

ca
nt

 a
t l

ev
el

 0
.0

5,
 *

**
 in

di
ca

te
s 

si
gn

ifi
ca

nt
 a

t l
ev

el
 

0.
01

. 
  



434 Liangding Jia, Guoguang Wan, Jieyu Zhou, Qian Lu 

Under the eight categories, the results show that: (1) Both DT and DU can 
distinguish single and unrelated business, and DR can distinguish single business, 
and all are significant at the 0.01 level. In addition, DT can distinguish 
dominant-constrained and related-linked significantly at the level of 0.05; DR 
can distinguish single business significantly (p < 0.01) and distinguish dominant- 
vertical business significantly (p  <  0.05). DU can distinguish dominant- onstrained 
significantly (p < 0.05) and distinguish dominant-vertical marginally (p < 0.1).  
(2) SIC-based Herfindahl indices (including H_SIC3 and H_SIC2) can 
distinguish single business and unrelated business significantly (p < 0.01). In 
addition, H_SIC3 can distinguish dominant-constrained and related-linked both 
significantly at the level of 0.05, and H_SIC2 can distinguish dominant-vertical 
and dominant- constrained business significantly (p  <  0.05). (3) The skill-based 
entropy indices (including DR_Skill and DU_Skill) can distinguish single business 
significantly (p  <  0.01). In addition, DR_Skill can not only distinguish related- 
linked and unrelated business significantly at the level of 0.05, but also distinguish 
dominant-unrelated marginally (p < 0.1); DU_Skill can distinguish unrelated 
business significantly (p < 0.01), and distinguish dominant-constrained business at 
the significant level of 0.05. (4) The skill-based Herfindahl index can separate 
single business and unrelated business significantly (p  <  0.01), and can distinguish 
dominant-constrained business at the significance level of 0.05 and distinguish 
the dominant-vertical business marginally (p < 0.1). The F test of ANOVA shows 
that the overall models of SIC-based entropy indices, SIC-based Herfindahl 
indices, skill-based entropy indices and skill-based Herfindahl index are 
significant. These results indicate that these four types of continuous 
measurement can be effectively distinguished between Rumelt’s 8 categories. 

Under the five categories, the results show that: (1) DT and DU can both 
distinguish single business and unrelated business significantly, and DR can 
distinguish single business significantly, and all are significant at the level of 
0.01. In addition, DT can distinguish dominant business and related-linked 
marginally (p < 0.1); DR can distinguish dominant-vertical business significantly 
(p < 0.05); DU can distinguish dominant-vertical business marginally (p < 0.1).  
(2) SIC-based Herfindahl indices (including H_SIC3 and H_SIC2) can 
distinguish single business and unrelated business significantly (p < 0.01). In 
addition, H_SIC3 can distinguish dominant business and related-linked business 
and H_SIC2 can distinguish dominant-vertical both at the significant level of 
0.05. (3) The skill-based entropy indices (DR_Skill and DU_Skill) can 
distinguish single business significantly (p < 0.01), and DR_Skill can distinguish 
related business marginally (p < 0.1); (4) Skill-based Herfindahl index can 
separate single business and unrelated business significantly (p < 0.01), and can 
distinguish dominant-vertical business marginally (p < 0.1). The F tests of 
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ANOVA show that the models of SIC-based entropy indices, SIC-based 
Herfindahl indices, skill-based entropy indices and skill-based Herfindahl index 
are all significant. These results demonstrate that these four types of continuous 
measurement can be effectively differentiated between Rumelt’s 5 categories. 

In order to analyze the ability of the continuous measures more directly to 
distinguish between related and unrelated diversification strategy types, we 
conducted Scheffe’s test to test for each pairwise difference in category means. 
The results are shown in Table 2. 

 
Table 2  Results of post hoc Analysis Using Scheffe’s Difference of Means Test for 
Continuous vs. Categorical Diversification Measuresa 

DT_SIC DR_SIC DU_SIC H_SIC3 Rumelt 
category 1 2 3 4 5 6 7 1 2 3 4 5 6 7 1 2 3 4 5 6 7 1 2 3 4 5 6 7 

1. Single  
business 

           

2. Dominant- 
vertical 

***      － ** ***      

3. Dominant-
constrained 

－ －     － － － － － －      

4. Dominant-
linked 

－ － －    － － － － － － － － －     

5. Dominant- 
unrelated 

*** － － －   － － － － *** － － － *** － － －    

6. Related- 
constrained 

*** － － － －  － － － － － ** － － － － *** － － － －   

7. Related- 
linked 

*** － ** － － － ** － － － － － * － － － － － *** － *** － － －  

8. Unrelated 
business 

*** *** *** *** *** *** － － － － － － － － *** *** *** *** *** ** *** *** *** *** *** *** ** － 

H_SIC2 DR_Skill DU_Skill H_Skill Rumelt 
category 1 2 3 4 5 6 7 1 2 3 4 5 6 7 1 2 3 4 5 6 7 1 2 3 4 5 6 7 

1. Single  
business 

           

2. Dominant- 
vertical 

**      － ** **      

3. Dominant- 
constrained 

－ －     － － － － － －      

4. Dominant- 
linked 

－ － －    － － － － － － － － －     

5. Dominant-
unrelated 

*** － － －   － － － － *** － － － *** － － －    

6. Related- 
constrained 

*** － － － －  － － － － － * － － － － ** － － － －   

7. Related- 
linked 

** － － － － － * － － － － － * － － － － － ** － － － － －  

8. Unrelated 
business 

*** *** *** *** *** * ** * － － － － － － *** *** *** *** ** * ** *** *** *** *** ** * * 

(To be continued) 



436 Liangding Jia, Guoguang Wan, Jieyu Zhou, Qian Lu 

 (Continued) 
DT_SIC  DR_SIC DU_SIC H_SIC3    Rumelt 

category 1 2 3 4  
 

 1 2 3 4   1 2 3 4   1 2 3 4    

1. Single 
business 

           

2. Dominant-
vertical 

***      ** *** ***      

3. Dominant 
business 

*** －     － － ** － *** －      

4. Related 
business 

*** － **    * － － *** － － *** * ***     

5. Unrelated 
business 

*** *** *** ***   － － － － *** *** *** *** *** *** *** ***    

H_SIC2  DR_Skill DU_Skill H_Skill    
Rumelt 

category 1 2 3 4  
 

 1 2 3 4   1 2 3 4   1 2 3 4    

1. Single 
business 

           

2. Dominant-
vertical 

***      ** *** ***      

3. Dominant 
business 

** －     － － ** － ** －      

4. Related 
business 

*** － －    ** － － *** － － *** － －     

5. Unrelated 
business 

*** *** *** ***   ** － － － *** *** *** *** *** *** *** ***    

Note: N = 222. * denotes p < 0.10, ** denotes p < 0.05, *** denotes p < 0.01. 
 

Under the eight categories, we found that the single business can be 
significantly distinguished from dominant-vertical, dominant-unrelated, related- 
constrained and related-linked business, and the unrelated business can be 
significantly differentiated from other six categories except related-linked 
business, by the measures of DT_SIC, DU_SIC, H_SIC3, H_SIC2, DU_Skill and 
H_Skill. However, few of the eight categories can effectively be distinguished 
from each other by the measures of DR_SIC and DR_Skill. The results are 
consistent with what Pitts and Hopkins (1982) proposed that SIC-based 
measurement might be appropriate for studying the industry differences between 
diversified and non-diversified companies. However, it can hardly distinguish 
related diversification from unrelated one. 

Under the five categories, results show that the single business can effectively 
be distinguished from dominant-vertical, dominant business, related business and 
unrelated business by the measures of DT_SIC, DU_SIC, H_SIC3, H_SIC2, 
DU_Skill, and H_Skill. Unlike the results from eight categories, the single 
business can be significantly distinguished from dominant-vertical and related 
business by the measures of DR_SIC and DR_Skill, and the result under 
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DR_Skill is better than others because single business can be significantly 
distinguished from unrelated business by the skill-based entropy indices. 

Further, we performed discriminant analysis using Rumelt’s five strategy 
categories as class variables and DR and DU as predictor variables to determine 
whether SIC-based entropy measures (DR_SIC and DU_SIC) and skill-based 
entropy measures (DR_skill and DU_skill) could be used to predict a company’s 
membership in one of the Rumelt’s strategy categories. We added the analysis of 
skill-based entropy measures into this research in addition to the SIC-based 
entropy measures, which were used in Hall and John (1994). To allow for 
cross-validation of the sample results, we divided the sample into two groups. 
Using the first group with 122 companies as calibration sample, we developed a 
discriminant function using DR and DU scores to assign companies to Rumelt’s 
strategy categories. The hit matrix is shown in Table 3. The second group with 
100 companies served as the holdout cross-validation sample. We used the 
discriminant function established by the first group to determine whether the 
SIC-based and skill-based entropy measures (DR and DU) of 100 companies in 
this group could effectively predict the companies into Rumelt’s strategy 
categories. 

The results of calibration sample and cross-validation sample are shown in 
the first two panels of Table 3. The overall percents correctly classified were 
45.90% (SIC-based entropy measures) and 43.44% (skill-based entropy 
measures), which was lower than the result (56%) obtained by Hall and John 
(1994), but still, they are significantly higher than the largest chance hit ratio 
of 37.91% at alpha = 0.01. The results of the validation group are different 
from the result of Hall and John (1994). The result of Hall and John (1994) 
showed no significant difference between the hit ratio and the largest hit ratio. 
However, the hit ratios of our validation groups are 48% (SIC-based) and 
43% (skill-based), significantly higher than the largest chance hit ratio of 
41.25% at alpha = 0.01 level. These results show that, in the Chinese context, 
we can classify a company into Rumelt’s strategy categories more effectively 
by using its SIC-based and Skill-based entropy measures. In Table 3, we also 
found that the hit ratios of both SIC-based and skill-based entropy indices 
predict single business, dominant- vertical and unrelated business much more 
effectively than they predict dominant and related business. It is also in 
consistent with the result of Hall and John (1994). In addition, the hit ratio of 
SIC-based entropy index is slightly higher than that of Skill-based entropy 
index (48% and 43%, respectively). This shows that the SIC-based entropy 
measures may have higher predictability for Rumelt’s strategy categories than 
the skill-based entropy measures do. 
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To guarantee the credibility of the above conclusion about the effects of the 
cross-validation sample on the interpretation of the original holdout sample, we 
conducted several replications (Frank, Massy and Morrison, 1965). In each 
replication, the sample was split into two groups randomly: one serving as a 
calibration sample for development of a discriminant function and another for 
cross-validation of the results. The results are shown in the final panel of Table 
3. In all six replications, the hit ratios are all significantly higher than the 
largest chance hit ratio. These results confirmed our conclusion: Under the 
Chinese context, the SIC-based entropy measures including DR_SIC and 
DU_SIC scores, and the skill-based entropy measures including DR_skill and 
DU_dkill scores, could be effectively used to predict Rumelt’s strategy 
category membership. 

 
4.2  Comparison of Continuous-to-Categorical Measures and Rumelt’s Categorical 
Measures 

 
The second objective of this study is to compare Rumelt’s categorical measures 
with the categorical measures, which are transformed from the four types of 
continuous measurement including SIC-based entropy measures, SIC-based 
Herfindahl measures, skill-based entropy measures, and skill-based Herfindahl 
measures by using cluster analysis, to see whether the two categories are 
consistent with each other. Following the method proposed by Ketchen and 
Shook (1996), both hierarchical and non-hierarchical clustering methods were 
adopted in turns. According to the recommendation of Hall and John (1994), we 
did not include the 70 dominant-vertical samples when using the 4-group 
Rumelt’s topology to cluster Herfindahl measures (Table 4). Firstly, we 
conducted hierarchical cluster analysis with the method of the least distance 
between groups to classify 222 samples into 8 categories and to classify 152 
samples into 4 categories. We used the mean of each variable in the eight and 
four categories as the initial center of the non-hierarchical cluster analysis to 
refine the results of the hierarchical cluster analysis. The results of cluster 
analysis are shown in Table 4. 

For both SIC-based and skill-based entropy measures, we clustered the 222 
samples into 8 categories and the 152 samples into 4 categories. Following the 
procedures suggested by Baysinger and Hoskisson (1989), Palepu (1989), and 
Hall and John (1994), we labeled the clustering results corresponding to Rumelt’s 
eight types and four types respectively. For the results of the eight categories, the 
procedures were as follows: first, we named the group with the lowest mean of 
both DR and DU as “single business,” and the one with the highest DU mean and 
the lowest DR mean as “unrelated business”; second, we named the group with  
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the highest DU mean and low DR mean as “related-constrained,” and the one 
with slightly higher DU mean and moderately high DR mean as “related-linked”; 
third, in the remaining groups, we named the group with the largest DU mean 
as “dominant-unrelated”; fourth, we named the group with higher DU mean in 
the remaining categories as “dominant-linked,” and the one with high DR and 
lower DU mean as “dominant-constrained”; finally, the remaining group with 
low DR and moderately low DU mean as “dominant-vertical.” For the results 
of four categories, the procedures were as follows: First, we named the group 
with the lowest DR and DU mean as “single business,” and the one with the 
highest DU mean and low DR mean as “unrelated business”; second, we named 
the group with the highest DR mean and low DU mean as “related business,” 
and the one with moderately low DU mean and low DR mean as “dominant 
business.” 

For the Herfindahl measures including H_SIC3, H_SIC2 and H_Skill, we only 
conducted cluster analysis on the 152 samples into eight categories following the 
suggestion of Hall and John (1994). The rule of naming the results corresponding 
to Rumelt’s eight types is as follows: the group with the largest mean was named 
as “unrelated business”; the one with second largest mean as “related business,” 
the one with the smallest mean as “single business,” and the remaining category 
as “dominant business.” 

The results of cross tabulation of continuous-to-categorical measures and 
Rumelt’s categorical measures are shown in Table 5, in which the chi-square 
values and Cramer’s V of all the models are significant at the level near 0.000. 
These results are quite different from the conclusions drawn by Hall and John 
(1994). Results show that the continuous measurement of corporate 
diversification can well reflect Rumelt’s categorical measures in the Chinese 
context. This is consistent with the conclusions obtained in the above 
discriminant analysis. In addition, for the 8 categories, SIC-based entropy 
measures were more convergent to Rumelt’s categorical measures than 
skill-based entropy measures (the chi-square value and Cramer’s V of the 
former are larger than those of the latter). This result is also consistent with 
the conclusion of the above discriminant analysis. For the 4 categories, 
three-digit SIC Herfindahl measure is the best indicator to predict Rumelt’s 
four categories among other measures because it has the highest chi-square 
value and the highest Cramer’s V. These results demonstrate that when 
converting the continuous measures into categorical measures using cluster 
analysis, both SIC-based entropy and Herfindahl measures could better reflect 
Rumelt’s categorical measures than skill-based entropy and Herfindahl 
measures. 
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5  Conclusion and Discussion 

The results of this research show that Rumelt’s categorical measures and 
continuous measures are capturing the same construct of diversification to a large 
extent. The results of ANOVA show that the SIC-based entropy and Herfindahl 
measures and skill-based entropy and Herfindahl measures can be effectively 
differentiated among Rumelt’s strategy categories. Entropy and Herfindahl 
measures can not only separate single business from unrelated business strategic 
types significantly, but also distinguish effectively related business from 
unrelated one. 

And the results of Scheffe’s test present that, for Rumelt’s eight categories, the 
single business and unrelated business can be significantly distinguished from 
other categories by DT_SIC, DU_SIC and DU_Skill. However, the majority of 
categories can not be effectively distinguished from each other by DR_SIC and 
DR_Skill. The latter result is surprisingly similar to the view of Pitts and 
Hopkins (1982). SIC-based measures may be indeed appropriate for studying the 
differences at industry level between diversified and non-diversified companies, 
rather than the distinction between related and unrelated types of diversification. 
Therefore, what indices can better measure related diversification? Answers may 
lie in the following analyses. 

For the five categories, the single business, dominant-vertical and related 
business can be effectively distinguished from each other by DR_SIC and 
DR_Skill. DR_Skill is better as it can also significantly distinguish single 
business from unrelated business. This, to some extent, indicates that skill-based 
diversification measurement may capture the relatedness between businesses 
better. Comparing with SIC-based measures, skill-based measures may capture 
more relatedness underlying intangible resources such as experiences, knowledge, 
and technology than physical resources. This might help to explain why 
skill-based measures are better in explaining related diversification. As pointed 
out by Nayyar (1992), researchers usually use potential and external relatedness 
to capture the relationships among businesses, while ignoring the actual and 
internal relatedness. In fact, potential relatedness usually deviates from the actual 
relatedness because of the obstacles from organization and the external 
environment in practice. Therefore, the actual and internal relatedness more 
accurately reflects the degree of corporate diversification than potential and 
external relatedness does. It is suggested that future research could use 
skill-based measures to capture the corporate diversification. 

The results of discriminant analysis further confirmed our above conclusions. 
Rumelt’s categorical measures can be effectively predicted by SIC-based and 
skill-based entropy measures respectively. 

To answer the second question of this paper, we classified the companies into 



Do Continuous and Categorical Measures Capture the Same Construct of Diversity? 447 

8 categories or 4 categories using cluster analysis with the four types of 
continuous measurements. The cross-tabulation analysis shows that the 
continuous measures are convergent to Rumelt’s strategy types very well. This 
result is inconsistent with Hall and John (1994), who pointed out that SIC-based 
entropy index and Herfindahl index can not reflect diversification types due to 
the failure of SIC code to capture the real relatedness among businesses. 
However, our conclusions show that the SIC code can reflect well the types of 
corporate diversification in the Chinese context. In addition, we added 
skill-based entropy and Herfindahl’s measures into the analysis. Results show 
that these measures are convergent to Rumelt’s strategy types quite well even 
though they are slight “inferior” to SIC-based measures. 

To check the robustness of the conclusions, we replicated our studies using the 
data of sample companies in 2004 and 2005 respectively. All the conclusions are 
in line with each other. Therefore, in general, the continuous measures and the 
categorical measures do capture the same construct of diversification in the 
Chinese context. 

However, it is worth noticing that: First, as the 4-digit SIC code in The 
Guidelines of Industrial Classification of Listed Companies refers actually to the 
3-digit SIC code in The Industrial Classification of National Economy 
(GB/T4754-2002), listed companies reported indeed the 3-digit SIC industry data. 
We calculated DT (total diversity) in this paper using the 3-digit SIC data rather 
than the 4-digit SIC data. It may lead to DT scores as a whole smaller than the 
would-be DT scores when using the 4-digit SIC data. This may bring problems to 
the analysis of DR. For example, the cluster analysis using SIC-based entropy 
measures (DR_SIC and DU_SIC) and skill-based entropy measures (DR_skill 
and DU_skill) may classify the companies that are truly related-constrained or 
related-linked into other types. 

Second, we referred Rumelt’s strategy types as the benchmark to explore the 
consistence between the continuous measures and Rumelt’s categorical measures. 
The results show they are quite consistent with each other. The logic underlying 
our assumption is that Rumelt’s categorical measures validly capture the 
construct of diversification. However, do Rumelt’s categorical measures really 
reflect the concept of diversification, rather than other concepts? This question 
worth analyzing further in future studies. Future studies can design a 
nomological network with some relevant constructs, such as size, financial 
leverage and corporate performance, to explore the convergent validity of   
these different measures of corporate diversification, and the discriminant 
validity between these measures of diversification and other relevant   
constructs, and the criterion validity of these measures of diversification with 
corporate performance. 
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