
International Association for Management of Technology  

IAMOT 2010 Proceedings 

 

STRUCTURE AND DYNAMICS OF KNOWLEDGE  

IN SUPPLY CHAIN RESEARCH 

 

 

HIROKO NAKAMURA, SHINJI SUZUKI 

 
Center for Aviation Innovation Research, The University of Tokyo, 7-3-1 Hongo, Bunkyo-ku, Tokyo, 113-8654, Japan, 

techhn@mail.ecc.u-tokyo.ac.jp 

 

TOMOBE HIRONORI, YUYA KAJIKAWA, ICHIRO SAKATA 
 

Innovation Policy Research Center, School of Engineering, 

 The University of Tokyo, 7-3-1 Hongo, Bunkyo-ku, Tokyo, 113-8654, Japan 

 

While great attention has been paid to services innovation, “the lifeblood of our developed economies”, the mechanism and even the!

definition are still unclear. We analyzed the structure of knowledge on supply chain, one of the main stages for services innovation, using a 

network analysis on academic papers; create citation network in taking a paper as a node and citations as links, categorize them into clusters, 

visualize it, extract the topics of each cluster, and discuss the results with experts. 3 main clusters and 9 sub-clusters are found; Theory & 

Strategy – integration with suppliers and customers, green supply chain, the importance of IT, lean thinking & agile manufacturing, 

Modeling – multi-agent approach, mixed integer programming, stochastic programming, and Coordination – bullwhip effect, and contracting. 

This paper also discussed on the dynamics of supply chain research. We found that multi-disciplinary researches are increasing while the 

supply chain is getting more complex. But we also found that these researches seem to have difficulty to follow the latest fruit of different 

clusters so that they still lean on their original domains. 

 

Keywords: Supply Chain, Research on research, Citation network, Overview map, Network analysis 

 

Introduction 

 

Service innovation is, as the ”lifeblood of our developed economies”, gathering the attention 

from policy makers who take innovation policy serious for the economics and industry (Paton 

et al., 2008). While policy makers and industries are interested in academic results for their 

strategy, explosion of the knowledge make it very difficult to grasp the direction and the issue 

(Hashimoto et al., 2009). 

 Supply chain is one of the main stages for services innovation. One of the simple 

explications for supply chain can be 2 interrelated forms of integration that manufacturers 

regularly employ with their suppliers and customers; one is coordinating and integrating the 

forward physical flow of deliveries, and 

the other is the backward coordination of 

information technologies and the glow of 

data (Figure 1, Frohilich et al. (2001), 

Thomas et al. (1996)). Consultants 

introduced the term supply chain 

management in the early 1980s (Oliver et 

al., 1982) and it has subsequently gained 

tremendous attention (LaLonde, 1998).  

Managing supply chains is getting more 

complex due to the current business trends 

of expanding product variety, short product life cycle, increasing outsourcing, globalization of 

businesses, and continuous advances in information technology (Lee (2002), Beamon (1998)). 

Recent movement of sustainable world issue is another factor for the complexities because, in 

their global and agile production systems such as “just in time”, supply chain has required 

Figure 1 Two interrelated forms of integration in the supply 

chain(Frohlich et al. 2001) 



rapid transport which is producing significant amount of greenhouse gas (Gillingwater et al, 

2003).  

 More than 1,200 academic journals on this topic were published in 2008 and the speed 

seems increasing in 2009. This paper analyses the structure from exploding knowledge on 

supply chain. To meet this challenge a computer-based approach can be used to complement 

the expert-based aooroach because it is compatible with the scale of information (Börner et al. 

(2003), Boyack et al. (2005)). We then use a network analysis on academic papers; create 

citation network in taking a paper as a node and citations as links, categorize them into 

clusters, visualize it, extract the topics of each cluster, and discuss the results with experts. In 

previous works, a citation-based approach has been applied to water resource management 

(Telwall et al., 2006) and sustainability science (Kajikawa et al. 2007). 

 The objective of this paper is to provide an academic landscape of supply chain research 

and movement of multi-disciplinary studies on this topic by using citation network analysis as 

a computational support tool. 

 

 

Research method 

 

Data 

 

We collected a set of academic 

publications including “supply chain” 

in their titles, abstracts, and keywords. 

We collected citation data for those 

publications from the Science Citation 

Index (SCI) and the Social Sciences 

Citation index (SSCI) compiled by the 

Institute for Scientific Information 

(ISI), because SCI and SSCI are two 

of the best sources of citation data. We 

used Web of Science, which is a 

Web-based user interface for ISI 

citation databases, and searched the 

papers using “supply chain*” as a query, where * represents a wildcard. A total of 7,313 

papers were retrieved. The annual publishing number are increasing exponentially and more 

than 1,200 papers were published in 2008 (Figure 2) We, then, regarded papers not citing 

other papers in the maximum connected component, which currently consists of 5,071 papers, 

as digressional from the main stream of supply chain and eliminate them from this research.  

 

Method 

 

Our analyzing procedure is illustrated schematically in Figure 3. The retrieved data includes 

both connected components and isolated nodes. The links in Figure 3a are directional, i.e. 

citing and cited papers are distinguished. The data are then converted into a non-weighted, 

non-directed network, and the maximum connected component of the network is extracted as 

in Figure 3b. The resulting maximum connected component has 5,071 nodes as described 

above. Finally the network is divided into clusters using the topological clustering method 

Figure 2 Number of annual academic publications on supply chain 

research (Web of Science)   



(Newman (2004), Newman et al. (2004)). For further information including the modularity of 

the clustering algorithm, please refer Kajikawa et al. (2007). 

 For the visualization of the clustered network, we use a large graph layout (LGL) (Adai 

et al., 2004). LGL is based on a spring layout algorithm where links play the role of spring 

connecting nodes (Figure 4). As a result of this layout a group of papers citing each other is 

located in closer positions. In our visualization we hide inter-cluster links and only show the 

intra-cluster links for each cluster with the same color to clarify the position of each cluster. 

 After clustering the network, we analyzed the characteristics of each cluster by titles 

and abstracts of papers that are frequently cited by the other papers in the cluster and also 

journals, in which the papers in the cluster were published. Papers in the maximum connected 

component were published in 601 journals. We define the journal weight factor (JWF) of 

journal i in cluster s, JWFsi, as; 

                 (1) 

 

 

where ni, ns and nsi are the number of journal i in the maximum connected component, the 

number of papers in cluster s, and the number of papers of journal i in cluster s, respectively. 

JWFsi becomes higher when we have more papers of the journal in the entire network and also 

in the cluster. 

 

 

 

Results and discussion 

 

Structure 

 

The citation network of supply chain research can be divided into 64 clusters, where the 

number of nodes in each cluster varies from two (the smallest clusters) to 1,488 (the biggest 

cluster, #1). Papers in each cluster are strongly coupled by intra-cluster citations. Cluster size, 

i.e. the number of nodes in each cluster, gradually decrease until the top 3 clusters from 1,488 

to 1,127, and after that, the size falls sharply (Figure 5). The top 3 clusters (Table 1) cover 

more than 75% of the papers. In the following session, therefore we focus on the top 3 

Figure 3 Schematic diagram of citation network analysis   

Figure 4 Large graph layout (Adai et al., 2004)  



clusters as well as the sub-clusters. (See the core papers of each cluster in Table 2 and the 

structure in Figure 6).  

 
Table 1.  Characteristics of the top 3 clusters in the citation network 

 

  

 

Figure 5 Cluster size. Dots are the number of nodes in each cluster. The line is the 

cumulative probability of the number of nodes. The dashed line is at a cluster 

number equal to 3 

No. Cluster name # of Paper Ave. of Year Main journal JWF

#1 Theory & Strategy 1,488 2005.32 International journal of operations & production management 0.066

Supply chain management - an international journal 0.065

Journal of operations management 0.057

#2 Modeling 1,217 2004.87 Computers & chemical engineering 0.044

International journal of production research 0.033

International journal of production economics 0.030

#1 Coordination 1,127 2005.92 Management science 0.088

European journal of operational research 0.063

Production and operations management 0.035
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Figure 6 Structure of supply chain research; main and sub clusters 



 

 

 

 Cluster #1 is the Theory & Strategy cluster, in which the correlation between the 

performance and the level of supply chain integration is discussed to support "more integrated 

supply chain brings better performance". For example, Frohlich (2001) evaluated companies 

Table 2 Core paper for the Top 3 Clusters 

 
Authers Title Journals Pub. Year TC_inTC_all

Cluster#1 Theory & Strategy

Fisher, ML What is the right supply chain for your product? Harvard business review 1997 134 275

Frohlich, MT et

al.

Arcs of integration: an international study of supply chain

strategies

Journal of operations

management

2001 98 159

Lambert, DM et

al.

Issues in supply chain management Industrial marketing

management

2000 74 184

Naylor, JB et al. Leagility: Integrating the lean and agile manufacturing

paradigms in the total supply chain

International journal of

production economics

1999 72 143

LEE, HL et al. MANAGING SUPPLY CHAIN INVENTORY - PITFALLS

AND OPPORTUNITIES

Sloan management review 1992 62 164

Narasimhan, R et

al.

Causal linkages in supply chain management: An exploratory

study of North American manufacturing firms

Decision sciences 1998 61 83

Gunasekaran, A et

al.

Performance measures and metrics in a supply chain

environment

International journal of

operations & production

management

2001 58 112

Beamon, BM Measuring supply chain performance International journal of

operations & production

management

1999 57 145

Christopher, M The agile supply chain - Competing in volatile markets Industrial marketing

management

2000 56 110

Cluster#2 Modeling

ARNTZEN, BC

et al.

GLOBAL SUPPLY CHAIN MANAGEMENT AT DIGITAL-

EQUIPMENT-CORPORATION

Interfaces 1995 114 192

Beamon, BM Supply chain design and analysis: Models and methods International journal of

production economics

1998 109 240

Thomas, DJ et al. Coordinated supply chain management European journal of

operational research

1996 104 261

Vidal, CJ et al. Strategic production-distribution models: A critical review

with emphasis on global supply chain models

European journal of

operational research

1997 101 153

Erenguc, SS et al. Integrated production/distribution planning in supply chains:

An invited review

European journal of

operational research

1999 77 145

LEE, HL et al. MATERIAL MANAGEMENT IN DECENTRALIZED

SUPPLY CHAINS

Operations research 1993 73 163

Fox, MS et al. Agent-oriented supply-chain management International journal of

flexible manufacturing

systems

2000 65 154

Swaminathan, JM

et al.

Modeling supply chain dynamics: A multiagent approach Decision sciences 1998 58 141

Tsiakis, P et al. Design of multi-echelon supply chain networks under

demand uncertainty

Industrial & engineering

chemistry research

2001 50 75

Min, H; Zhou et

al.

Supply chain modeling: past, present and future Computers & Industrial

Engineering

2002 46 90

Cluster#3 Coordination

Lee, HL et al. Information distortion in a supply chain: The bullwhip effect Management science 1997 285 725

Chen, F et al. Quantifying the bullwhip effect in a simple supply chain: The

impact of forecasting, lead times, and information

Management science 2000 183 350

Lee, HL et al. The value of information sharing in a two-level supply chain Management science 2000 160 295

Lee, HL et al. The bullwhip effect in supply chains Sloan management review 1997 139 367

Gavirneni, S et al. Value of information in capacitated supply chains Management science 1999 130 210

Cachon, GP et al. Supply chain inventory management and the value of shared

information

Management science 2000 128 245

Emmons, H et al. Note. The role of returns policies in pricing and inventory

decisions for catalogue goods

Management science 1998 79 152

Cachon, GP et al. Contracting to assure supply: How to share demand forecasts

in a supply chain

Management science 2001 75 121

Cachon, GP et al. Supply chain coordination with revenue-sharing contracts:

Strengths and limitations

Management science 2005 73 139



which have different degree of integration with their customers and suppliers, using ANOVA 

and the Scheffe method, for the test of the improvement of 19 performance measures about 

marketplace, productivity and non-productivity. Vickery et al. (2003) extended this study. 

They included the integration degree within the manufacture and performance to the customer 

satisfaction. In this cluster proposition of different strategies to different types of supply chain 

is discussed. For example, Naylor et al. (1999) and Lee (2002) categorized the business 

environment by the degree of supply an demand uncertainty and discussed the suitable 

strategies. The Theory & Strategy cluster has 1,488 papers and is the biggest cluster. This 

cluster has 4 major sub-clusters. The sub-cluster #1-1, the integration with suppliers & 

customers cluster is the biggest sub-cluster and the core of the Theory & Strategy cluster. The 

sub-cluster discussed the relationship among the performance and the integration of suppliers 

and customers. The sub-cluster #1-2, the green supply chain is interesting. It is the second 

biggest sub-cluster among 4 but it is the youngest. It is emerging sub-cluster while minimize 

the environmental impact of industry is increasingly demanded. In this sub-cluster, a decision 

framework for management of environmental-friendly supply-chain, which can differ from 

traditional manufacturing supply chain. The sub-cluster #1-3, the role of the information 

technology cluster is the oldest sub-cluster among the 4 sub-clusters. In this sub-cluster, the 

benefit of Internet or web-based marketplace is discussed. In the sub-cluster #1-4, the balance 

of lean thinking & agile manufacturing cluster, the distinction between 2 paradigms and the 

appropriate application strategies are discussed. 

 Cluster #2 the Modeling cluster, in which various decision support models and formulas 

for each stage of supply chain are discussed. Arntzen et al. (1995) and Tsiakis et al. (2001), 

for example, presented a large mixed-integer linear program to balance the multiple, 

conflicting attributes of multiple products and multiple echelons (stages). Lee et al. (1993) 

considered a stochastic program for Hewlett-Packard Company to integrate the material flows 

in decentralized control mechanism. Beamon (1998) and Min et al. (2002) gave taxonomies 

of these modeling. Beamon's taxonomy of model has 4 categories; deterministic analytical 

models, stochastic analytical models, economic models and simulation models. The last 2 

categories are different in the taxonomy employed by Min; hybrid models and it-driven 

models. The Modeling cluster has 1,217 papers and the oldest cluster in the 3 top clusters. 

This cluster has 3 major sub-clusters. The sub-cluster #2-1, the multi-agent approach cluster is 

the biggest among 3 sub-clusters. In this sub-cluster, agent-oriented software architectures are 

discussed for analyzing and evaluating supply chain design and management alternative. The 

sub-cluster #2-2, the mixed integer programming cluster is the second biggest and oldest 

sub-cluster for the Modeling cluster. In this sub-cluster, the mixed integer programming for 

production-distribution model is mainly discussed. The sub-cluster #2-3, the stochastic 

programming cluster, management of demand uncertainty is discussed by a stochastic 

programming approach. 

 Cluster #3 is the Coordinating cluster, in which discussed how the "bullwhip effect" and 

distortion of information are causing inefficiency of supply chain and how to coordinate them. 

The bullwhip effect is an amplification of order variability as one goes upstream of supply 

chain (Lee et al., 1997b). For example, Lee et al. (1997a) indentified four sources of the 

effect; demand signal processing, rationing game, order batching and price variations. Chen et 

al. (2000) focused on the demand signal processing and quantified the increase in variability 

at each stage of the supply chain. Ozer et al. (2006) focused on the rationing game and 

developed two contracts to realize credible forecast information sharing between a supplier 

and a manufacture. The Coordination cluster has 1,127 papers and the youngest cluster in the 

3 top clusters. This cluster has 2 major sub-clusters. The sub-cluster #3-1, the bullwhip effect 



cluster is at the core of the Coordinating cluster. 

In this sub-cluster, how to “tame” the bullwhip 

effect is discussed from different approaches. 

The sub-cluster #3-2, the contracting cluster 

treats various ideas of contracts between 

members of a supply-chain for the 

improvement of the efficiency. 

 In Figure 7, we show the relative 

positions of these clusters to summarize the 

above results. We can use the image as an 

academic overview map of supply chain 

research. 

 

Dynamics 

 

Figure 8 shows the emergence of 

multi-disciplinary research, which is here 

defined for a paper citing studies of different 

clusters. The number is increasing from late of 90'. One explanation is that as the business 

environment for supply chain is getting more complex, the need for multi-disciplinary 

research has been increasing.  

 On the other hand, Figure 9 shows an interesting trend. It is the average year of cited 

papers of each cluster. There is a trend that, in every cluster, the average year of papers cited 

by the same cluster is the latest. For example, average year of papers of the Coordination 

Figure 7   Academic landscape of supply chain research 
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Figure 8 The emergence of multi-disciplinary papers 



cluster cited by the same cluster is 2004.6 while that of the papers of the Theory & Strategy 

cluster and the Modeling cluster cited by the Coordination cluster is 2002.6 and 2001.9 

respectively. It may indicate that, even though multi-disciplinary research is growing, getting 

knowledge from different field is not enough accelerated. 

 

 
 

 

 
Conclusion 

 

More needs to service innovation and supply chain research arise, more complexity the 

structure gets. The number of journals and papers on these areas continues to increase and the 

knowledge is about to explode. For example, over 1,200 papers on the single topic, supply 

chain, are currently published annually. 

This paper analyzed the current status of supply chain research and used a 

computer-based approach to provide a fundamental framework for future research. In this 

paper we visualized the structure of supply chain research by analysis of citations in relevant 

publications, and used a topological clustering method to detect the sub-domains of supply 

chain research. 

Our citation analysis extracted 3 main research domains and 9 sub-domains; Theory & 

Strategy – integration with suppliers and customers, green supply chain, the importance of IT, 

lean thinking & agile manufacturing, Modeling – multi-agent approach, mixed integer 

programming, stochastic programming, and Coordination – bullwhip effect, and contracting. 

The birth of new sub-clusters, green supply chain cluster, shows that the research on supply 

chain is getting complex as the business environment is changing. Our analysis of historical 

change of each cluster shows that researches which traverse different clusters are increasing. 

We can say that multi-disciplinary research is increasing while the subject is getting complex. 

On the other hand, even though multi-disciplinary research is growing, one of our research is 

telling that getting knowledge from different field is not enough accelerated. 

We hope that our landscape serves to guide those who contribute to service innovation 

and helps them move supply chain research environment in appropriate multi-disciplinal 

directions, based on clear grasp of their current position and new directions to explore. 

Finally, let us address the limitations of our research. In our approach, we collected the 

corpus by making a query of “supply chain”. It is now relatively clear of usage between 

“logistics” and “supply chain” but we must note that, among researchers of 80’ and early 90’, 

the term “logistics” might be used for the today’s supply chain management. 
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