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Abstract: Literature on supply chain management focuses increasingly on the topic of 
supply chain integration. Morash and Bowersox (1989) show that integration links 
relationships, activities, functions, processes and locations. Integration links a firm with its 
customers, suppliers and other channel members. The empirical research brings 
supporting evidence on the theory that organizations achieve the desired competitive 
advantage only by focusing on one strategy – either collaborative closeness or operational 
excellence. Wang, Tai and Wei (2006) have developed a virtual integration theory in 
supply chains. According to them supply chain integration makes the chain agile, allowing 
a flexible and timely response to disturbances in the environment. Integration, show the 
above mentioned authors, involves (a) collaborative operation execution, (b) collaborative 
process planning & control and (c) supplier responsiveness. Collaborative operation 
execution and planning & control are operationalized through modern IT solutions linking 
partners throughout the supply chain. Supplier responsiveness reflects the extent to which 
a supplier meets customer requirements. Evidence shows that the greater the 
environmental volatility, the greater will be the extent of virtual integration in a supply 
chain. In the process of creating new value for consumers, the overall output in the supply 
chain is maximized through collaboration among supply chain members and integration 
of the key business processes. 
After reviewing the literature on supply chain integration, present paper proposes an 
exploratory analysis of the measurement model corresponding to logistics integration. A 
Romanian dataset of 21 firms from various industries, covering all levels of a supply chain, 
from production to commerce is used to conduct a principal factor analysis to test for (a) 
content validity, (b) substantive validity, (c) uni-dimensionality and (d) reliability of scales 
used to measure integration in supply chains. Also the principal component analysis is 
used to forecast both dependent and independent variables subsequently used in an OLS 
estimation of the relationship between supply chain integration and performances in 
Romanian supply chains. Results support the conclusion that Romanian supply chains 
focus on a strategy of operational excellence.  
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1. Integration of business processes in supply chains 
Supply Chain Management (SCM) concerns coordinating the flows of materials, 
information, services, capital and information throughout the supply chain (Florian, 2013). 
Literature in the field agrees that SCM revolves around three key elements: (i) value 
creation, (ii) collaboration and (iii) integration of key business processes (Ho, Au and 
Newton, 2002, Florian, 2013). We see that the first defining element of SCM focuses on 
value creation. The overall aim of SCM is to better serve the ultimate consumers (Chopra 
and Meindl, 2004). Stank, Keller and Closs (2001) analyse the benefits of supply chain 
integration on the organizational performances. They identify five core business areas 
within supply chain which require integration: (i) customers, (ii) operations, (iii) suppliers, 
(iv) planning and (v) measurement system (table 1). 
 
Table 1. Major business processes of supply chains 

Integration area Content/Rationale 

Customers Best practices are needed to build long-term relations with key 
customers 

Operations Standards and best practices are needed to ensure integration of 
operations 

Suppliers Standards and best practices are needed to link externally and 
internally performed work  

Technology and 
planning 

Standards and best practices are needed to maintain information 
systems capable of supporting a wide variety of operational 
configurations  

Measurement 
integration 

Best practices are needed to build and maintain a measurement 
system that facilitate segmental strategies and processes 

Source: Adapted from Stank, Keller and Closs (2002) 
 
For each business area they define several latent constructs representing different 
aspects of integration within each business area. Table 2 shows a detailed picture of the 
different aspects of customer integration. Table 3 covers the rest of functional areas 
(operations, suppliers, technology & planning and measurement). 
 
Table 2. Customer integration 

Factors Indicators 

Relevancy 

Specific logistical operations focused on facilitating key customers’ 
success 

Formal logistics visioning to identify customers’ requirements 

Business relationships and programs designed to achieve 
customers’ involvement over sales 

Regularly reviews of customer service offerings 

Segmental 
focus 

Unique logistics service strategies for different customers 

Programs to accommodate individual customer requirements 

Initiatives to identify end-customer value-added  

Responsiveness 

Programs to authorize and perform special requests 

Logistical operations can be synchronized with customers’ 
operations 

Preplanned solution for accommodating a wide range of unique 
customer requests 

Factors Indicators 

Flexibility Increased operational flexibility through supply chain cooperation 
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Significantly more responsive logistical capability in comparison to 
three years ago 

Information linkages with customers 

Source: Adapted from Stank, Keller and Closs (2002) 
 
The effectiveness of the best practices presented in table 2 as well as the creditability of 
adherence to them is enhanced by the existence of a supply chain strategy targeting 
cooperation among supply chain members. Such strategy relies on supply chain practices 
that covering integration of operations, suppliers, technology & planning and 
measurement (table3). 
 
Table 3. Best practices promoting closer cooperation in a supply chain 

Internal integration 

Factors Indicators 

Standardization 

Common policies and procedures to standardize logistics 
operations 

Initiatives to standardize supply chain practices and operations 

Compliance Active programs to enforce standardized logistical performance 

Material/Service Supplier Integration 

Factors Indicators 

Strategic alignment 

Programs to integrate operations with customers/suppliers 

Belief that strategic direction, role and performance of supply 
chain partners are critical to organization’s success 

Operational fusion 

Improved performance by integrating operations with supply 
chain partners 

Placing employees at business facilities of suppliers to facilitate 
operation 

Sharing technical resources with suppliers to facilitate operations 

Financial linkage 

Sharing research and development costs with key suppliers 

Willingness to help suppliers to finance capital  equipment 

Willingness to enter into long-term agreements with suppliers 

Technology and planning integration 

Factors Indicators 

Connectivity 

Technology to accommodate cross-organizational data-
exchange 

Information system able to accommodate sharing both 
standardized and customized information externally 

Information system utilizes industry standards for data exchange 

Measurement integration 

Factors Indicators 

Comprehensive 
metrics 

Performance measures to extend across supply chain 
relationships 

Source: Adapted from Stank, Keller and Closs (2002) 
 
Tables 3 focuses only on practices supporting cooperation among supply chain members. 
The majority of the practices depicted in table 3 are specific to supplier integration, 
promoting closer cooperation through strategic alignment, operational fusion and financial 
linkage. Practices related to technology and planning integration facilitate cooperation 
through greater connectivity among supply chain members. Finally, we have identified 
one practice pertaining to the area of measurement. 
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2. Integration in Romanian supply chains 
In autumn 2012 we have conducted a research targeting an initial sample of 150 
Romanian companies. Data was collected using a survey-based questionnaire returning 
21 usable responses. The analysis of frequencies of companies in the working dataset 
reveals that the proposed analysis uses a sample of firms from various industries, 
covering all levels of a supply chain, from production to commerce. We see that most 
firms in the working dataset are from constructions (6), followed by commerce and other 
services (5 each). Initial random sampling has provided the desired national significance 
of the dataset used in the analysis. 
 
2.1 Methodology 
This paper follows the literature on supply chain management. In particular we have 
chosen to use the same questionnaire proposed initially by Stank, Keller and Closs 
(2001). As required by supply chain literature, the survey was pre-tested and validated 
using the feedback of local supply chain managers. Pre-testing ensured the content 
validity of scales used to measure different constructs employed in the analysis. Also a 
throughout review of existing literature has ensured the substantive validity of the scales, 
all the items being conceptually and theoretically linked to the construct (Dunn, Seaker 
and Waller, 1994). Afterwards, the measurement model was tested for the remaining 
dimensions necessary to ensure the adequate content validity. Specifically we have 
chosen to conduct an exploratory analysis by means of a Principal Component Analysis. 
Scale refinement has used item-to-scale correlations to eliminate those items with low 
(<0.4) item-to-scale correlations. Thus we have eliminated from our measurement model 
those items with low subjective loadings. As a result of the scale refinement process we 
have obtained uni-dimensional scales. Of course, the refinement process considered a 
content validity analysis, as recommended by similar empirical studies (Dunn, Seaker and 
Waller, 1994). Once we have ensured the uni-dimensionality of the scales, we have tested 
for reliability by means of a correlation procedure. Following recommendations in supply 
chain literature, scales are deemed reliable if Cranach’s Alpha coefficient is above 0.7.  
Following testing the measurement model we have investigated the relationship between 
organizational performance and integration in supply chain. As recommended by Richard 
et al (2009 we have used the principal component analysis to construct both dependent 
and independent variables in an OLS estimation of performances in Romanian supply 
chains.  
 
2.2. Results 
As shown previously, pre-testing and analysis of existing literature has ensured the 
content and substantive validity of the constructs used in the analysis. In what follows we 
present the results of the exploratory analysis used to test for validity of the constructs 
measuring supply chain integration.  
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Table 4. Customer Integration 

Business practice 
Factor Loadings Final 

Communality 
Estimates 

Cronbach 
Alpha Focus Flexibility 

Specific logistics 
operations focused on 
facilitating key 
customers success 
(V111) 

78* 19 0.66 

0.88 

Business relationships 
and programs 
designed to achieve 
customers’ 
involvement over sales 
(V113) 

79* 24 0.68 

Unique logistics 
service strategies for 
different customers 
(V121) 

88* 25 0.84 

Initiatives to identify 
end-customer value-
added (V123) 

90* 13 0.83 

Preplanned solution 
for accommodating a 
wide range of unique 
customer requests 
(V133) 

31 84* 0.80 

0.78 
Significantly more 
responsive logistical 
capability in 
comparison to three 
years ago (V142) 

15 91* 0.84 

Total variance 
explained 

2.93 1.72 4.65  

 
Initial analysis of customer integration considers four factors: relevancy, responsiveness, 
flexibility and segmental focus. The principal component analysis reveal that our data 
supports the existence of only two factors named Focus and Flexibility. We see that factor 
loadings are very high (above 70%) and statistically significant. Cronbach’s alpha is above 
the threshold level (0.7) in both cases. 
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Figure 1. Rotated factors defining the customer integration 
 
Figure 1 is a visual representation of the orthogonal rotated solution of the factor analysis 
of customer integration. We clearly see the clusters formed by the indicators of the two 
factors.  
 
Table 5. Internal Integration 

Business practice 

Factor 
Loadings 

Final 
Communality 

Estimates 

Cronbach 
Alpha Internal 

integration 

Common policies and procedures to 
standardize logistics operations (V211) 89 0.79 

0.88 

Initiatives to standardize supply chain 
practices and operations (V212) 

40 0.16 

Active programs to enforce 
standardized logistical performance 
(V221) 

96 0.93 

Total variance explained 1.87 1.87  

 
Table 5 shows that in the case of internal integration the two initial factors have been 
collapsed to one named simply Internal Integration. The factor loadings are above 0.4 and 
Cronbach’s alpha is very high (0.88).  
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Table 6. Material/Service Supplier Integration 

Business practice 

Factor Loadings Final 
Communality 

Estimates 

Cronbach 
Alpha Functional alignment 

Financial 
Linkage 

Programs to 
integrate operations 
with 
customers/suppliers 
(V311) 

87* 34 0.87 

0.86 

Placing employees 
at business facilities 
of suppliers to 
facilitate operation 
(V322) 

76* 34 0.78 

Sharing technical 
resources with 
suppliers to facilitate 
operations (V323) 

91* --8 0.83 

Sharing research 
and development 
costs with key 
suppliers (V331) 

39 62* 0.63 

0.71 

Willingness to help 
suppliers to finance 
capital equipment 
(V332) 

6 84* 0.67 

Willingness to enter 
into long-term 
agreements with 
suppliers (V333) 

18 76* 0.60 

Total variance 
explained 

2.44 1.90 4.35  

 
The analysis of material/service supplier integration confirms the existence of two factors 
named Functional alignment and financial linkage. We see that in both cases the item-to-
scale correlations are high and statistically significant and Cronbach’s alpha is above the 
threshold level for both factors.  
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Figure 2. Rotated factors defining Material/Service Integration 
 
Figure 2 is a visual representation of the orthogonal rotated solution of the factor analysis 
used for analyzing the Material/Service Supplier Integration. We clearly see the clusters 
formed by the indicators of the two factors.  
 
Table 7. Technology and planning integration 

Business practice 
Factor Loadings Final 

Communality 
Estimates 

Cronbach 
Alpha Internal integration 

Technology to accommodate 
cross-organizational data-

exchange (V411) 
95* 0.91 

0.90 
Information system utilizes 
industry standards for data 

exchange (V413) 
95* 091 

Total variance explained 1.82 1.82  

 
In the case of technology and planning integration, our principal component analysis has 
identified also just one factor named internal integration. The factor loadings are above 
0.9 and Cronbach’s alpha is very high (0.90).  
 

V3111V322

V323

V331

V332

V333

0

10

20

30

40

50

60

70

80

90

0 20 40 60 80 100

F
in

a
n

c
ia

l 
L

in
k
a
g

e

Strategic/Operational Alignment



 

1133 

 

Table 8. Supply Chain Performance 

Business practice 
Factor Loadings Final 

Communality 
Estimates 

Cronbach Alpha 
Internal integration 

Flexibility of offer 61* 0.37 

0.80 

Predictability 90* 081 

Satisfaction 83* 0.69 

Speed 83* 0.68 

Total variance explained 2.55 2.55 

 
Finally our analysis of the measurement model of the performances in the supply chain 
confirms that the four indicators are indeed measuring the same construct named supply 
chain performance. This analysis allow us to forecast a factor score for supply chain 
performance which we have used in subsequent performance analysis. 
 
Table 9. Analysis of Maximum Likelihood Estimates 
 

Parameter DF Estimate Standard 
Error 

Wald Chi-
Square 

Pr>ChiSq 

relevancy 1 0.63 0.92 0.47 0.49 

flexibility 1 0.23 0.65 0.12 0.73 

Internal integration 1 -1.30 0.79 2.75 0.0969* 

alignment 1 -1.48 1.08 1.88 0.1702 

linkage 1 0.78 0.49 2.46 0.1163 

Technology/planning 
integration 

1 1.46 0.64 5.18 0.0228* 

Measurement Integration 1 0.49 0.74 0.43 0.5112 

 
Our OLS estimation reveals that form the 7 factors used in the analysis only 2 are 
statistically significant: internal integration and technology / planning integration.  
 
3. Conclusions 
The proposed empirical analysis proposes first a throughout analysis of the measurement 
model. The principal component analysis retained two out of four factors used initially to 
measure a latent variable corresponding to customer integration. Basically two of the 
initial factors collapsed to form a new factor named Focus (segmental focus and 
relevancy) whereas the other two formed a factor named Flexibility (responsiveness and 
flexibility). In the case of (a) internal integration and (b) technology and planning the two 
initial factors have been collapsed to only one for each business area. The analysis of 
material/service supplier integration confirms the existence of two factors named 
Functional alignment and financial linkage. 
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Factor scores have been used to identify both dependent and independent variables in 
an OLS estimation of performances in supply chains. Results shows that only coefficients 
corresponding to internal integration and material/planning integration are statistically 
significant suggesting that in Romanian supply chains integration focuses on operational 
excellence. 
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