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Abstract 
 
It is widely recognized that the concept of service innovation is significant for innovation 
strategy and economic growth especially in developed countries. However, since the term 
“service innovation” represents a broad sense, there is not the common understanding about 
what is service innovation even among experts. In this paper, we create an academic 
landscape of service innovation from a number of academic publications. Of the many 
definitions of service innovation, we focus on the concept “Service Science, Management and 
Engineering (SSME)” proposed by IBM. We collect data of academic papers, create citation 
network regarding papers as nodes and citations as links, categorize papers into clusters, 
visualize citation networks, extract the topics of each cluster, and discuss the results with 
experts. Our results show that there are mainly two groups of elements relating to service 
innovation: applications of service innovation such as health and medical care, IT, and public 
service; and basic theories for service innovation such as management, ecosystem, and QOS. 
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Introduction 

The concept of service innovation or service science, management and engineering 
(SSME) proposed by IBM is widely recognized as a key driver for the economic growth. 
This concept plays a significant role in policy making in many countries. In Japan, the 
government established a roadmap named Technology Roadmap of Service Engineering, 
which describes the goal of service innovation (Ministry of Economy, Trade and 
Industry in Japan, 2008). However, the sense of concept SSME is so broad that there is 
not the common understanding about what is service innovation even among experts. 
Although the roadmap mentioned above describes forty nine technology elements and 
the relationship between technology and industry, these descriptions lack concreteness 
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because it is so conceptual. Therefore, prior to developing roadmap, it is a significant 
task to make the academic landscape of SSME in order to understand what have been 
researched relating to this topic. 

Tracking the evolution of interdisciplinary research domain, such as SSME, is a 
significant but difficult task by its nature. Previous study argued that interdisciplinary 
research should not be conceptualized with discipline (Chubin et al, 1986). Existing 
categories like journal categories may not matter because interdisciplinary researches 
vary beyond the boundaries of journals. Some indicators measuring interdisciplinary 
such as diversity of classifications and topological measures are proposed and evaluated 
in the previous papers (Porter & Chubin, 1985; Porter et al., 2006; Porter et al., 2007). 
Experts are not able to track the entire trends in such research areas as each research 
specializes and is segmented.  

In such a situation, for policy makers, creating an academic landscape of 
interdisciplinary research and effective and enough investment on those technologies has 
become a significant task in order to develop their competitive competence and also to 
realize the economic growth. In this paper, we develop a computational tool to support 
them to create an academic landscape among a pile of academic publications. There are 
two types of computer-based methodology, which can complement the expert-based 
approach: text mining and citation mining. As an example of the former, Kostoff et al. 
analyzed multi-word phrase frequencies and phrase proximities, and extracted the 
taxonomic structure of energy research (Kostoff et. al, 2004; Kostoff et. al, 2005). In 
previous works, citation-based approaches, latter ones, were used to describe the network 
of energy-related journals using journal citation data (Dalpé & Anderson, 1995) or 
journal classification data (Tijssen, 1992). In the citation-based approach, it is assumed 
that citing and cited papers have similar research topics. In this paper, we adopt the latter 
one. 

Citation-based approach is useful to make an overview of research domains globally. 
Klavans and Boyack (2006) illustrated how to map science overall using journal citation 
interactions. Rinia et al (2001) pointed out the importance to consider the process how 
bibliometric measures are created.  By clustering the citation network, we can divide 
academic papers into groups of papers. Previous research investigated citation networks 
of academic publications relating to another interdisciplinary research, sustainability 
science, and extracted the major topics relating to this topic (Kajikawa et. al, 2007). The 
aim of this paper is to create an academic landscape in SSME research domain by using 
citation network analysis. Our results can offer an intellectual basis for constructing an 
policy and strategy.  

 

 

Research Methodology 

In this section, the methodology of this research is shown. Analyzing schema is depicted 
in Fig. 1. The step (1) is to collect the data of the knowledge domain. We collect citation 
data from the Science Citation Index Expanded (SCI-EXPANDED), the Social Sciences 
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Citation Index (SSCI), and the Arts & Humanities Citation Index (A&HCI) compiled by 
the Institute for Scientific Information (ISI), which maintains citation databases covering 
thousands of academic journals and offers bibliographic database services, because these 
are three of the best sources for citation data. The problem, how we should define a 
research domain, is difficult to solve. One solution is to use a keyword that seems to 
represent the research domain. When we collect papers retrieved by the keyword, we can 
make the corpus for the research domain. 

 

 
Figure 1. Methodology proposed in this paper. 

 

The step (2) is to make citation networks for each year. We construct citation networks 
by regarding papers as nodes and intercitations as links. The network created for each 
year facilitates a chronological analysis of citation networks. According to a previous 
study, intercitation, which is also sometimes known as direct-citation, is the best way to 
detect emerging trends (Shibata et al., 2009). In network analysis, only the data of the 
largest component on the graph was used, because our study focuses on the relationships 
among documents, and we therefore want to eliminate from our study those not linked 
with any others in step (3). 

After extracting the largest connected component, in step (4), the network is divided into 
clusters using the topological clustering method (Newman, 2004), which does not need 
the number of clusters by users. Newman’s algorithm discovers tightly knit clusters with 
a high density of links within cluster. After the clustering, we visualize the citation 
networks and named the major clusters of emerging topics as in steps (5) and (6), 
respectively. In step (5), in order to visualize citation maps, we apply a large graph 
layout (LGL), an algorithm developed by Adai et al. (2004), capable of dynamically 
visualizing large networks comprised of hundreds of thousands of nodes and millions of 
links. We visualize the citation network by expressing intra-cluster links in the same 
color, in order that the clusters are intuitively understood. In step (6), experts in the 
research domain assign a name to each cluster manually after they had seen titles and 
abstracts of the papers in each cluster.  

 

 

Results 

In step (1), we searched the papers using the terms "service* and (science* or 
management* or engineering*)" as the query. As a result, we obtained the data of 54,928 
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papers published until the end of 2008. The number of annual publications was shown in 
Fig. 2. 

 

 
Figure 2. Number of annual papers relating to SSME. 

 

After constructing largest connected component, as step (4), we divided papers into 
clusters with topological clustering method. With this clustering, citation networks as of 
2008 were divided into specific clusters in step (4) and visualized as Fig. 3 in step (5). 
Focusing on the visualization in 2008, there were eight major clusters emerged, each 
containing more than 400 papers. The clusters #1, #2, #3, #4, #5, #6, #7 and #8 
contained respectively 1,818, 1,681, 1,314, 914, 906, 866, 632, and 459 papers. Their 
combined publication dates averaged were 2003.0, 2002.7, 2000.8, 2004.1, 2002.7, 
2002.2, 2001.8, and 2003.4.  

The top five papers according to the times cited up through 2008 were shown in Table 1.  
In the final step, step (6), our experts named each cluster, using semantic information 
such as the titles and abstracts of highly-cited documents in each cluster, shown in Table. 
1. The clusters #1, #2, #3, #4, #5, #6, #7 and #8 related to management, medical care, 
mental health care, ecosystem, QOS, public service, public medical care, and IT & Web, 
respectively. 
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Figure 3. Visualization of citation network in 2008. 
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Table 1. Major clusters relating to SSME and top 5 papers in each cluster according to the times cited up through 2008.  
(Only clusters which satisfy #papers≧400  are shown.) 

 
id #papers Average 

Year 
TC Year Name Title 

#1 1818 2003.0 76 1994 HESKETT JL, 1994, HARV BUS REV, V72, P164 PUTTING THE SERVICE-PROFIT CHAIN TO WORK 
   66 1996 HARTLINE MD, 1996, J MARK, V60, P52 The management of customer-contact service employees: An 

empirical investigation 
   55 1998 SCHNEIDER B, 1998, J APPL PSYCHOL, V83, 

P150 
Linking service climate and customer perceptions of service 
quality: Test of a causal model 

   54 1988 BOWEN DE, 1988, RES ORGAN BEH, V10, P43 SERVICES MARKETING AND MANAGEMENT - 
IMPLICATIONS FOR ORGANIZATIONAL-BEHAVIOR 

   52 1993 SCHNEIDER B, 1993, ORGAN DYN, V21, P39 THE SERVICE ORGANIZATION - HUMAN-RESOURCES 
MANAGEMENT IS CRUCIAL 

#2 1681 2002.7 81 2002 UNUTZER J, 2002, JAMA-J AM MED ASSN, 
V288, P2836 

Collaborative care management of late-life depression in the 
primary care setting - A randomized controlled trial 

   76 1999 LORIG KR, 1999, MED CARE, V37, P5 Evidence suggesting that a chronic disease self-management 
program can improve health status while reducing hospitalization 
- A randomized trial 

   55 1993 LORIG KR, 1993, ARTHRITIS RHEUM, V36, P439 EVIDENCE SUGGESTING THAT HEALTH-EDUCATION 
FOR SELF-MANAGEMENT IN PATIENTS WITH CHRONIC 
ARTHRITIS HAS SUSTAINED HEALTH BENEFITS WHILE 
REDUCING HEALTH-CARE COSTS 

   53 1993 STUCK AE, 1993, LANCET, V342, P1032 COMPREHENSIVE GERIATRIC ASSESSMENT - A 
METAANALYSIS OF CONTROLLED TRIALS 

   53 2002 BODENHEIMER T, 2002, JAMA-J AM MED 
ASSN, V288, P1909 

Improving primary care for patients with chronic illness - The 
chronic care model, part 2 

#3 1314 2000.8 105 1998 MUESER KT, 1998, SCHIZOPHR BULL, V24, P37 Models of community care for severe mental illness: A review of 
research on case management 

   64 1999 BURNS T, 1999, LANCET, V353, P2185 Intensive versus standard case management for severe psychotic 
illness: a randomised trial 

   46 1992 MORSE GA, 1992, HOSP COMMUNITY 
PSYCHIAT, V43, P1005 

EXPERIMENTAL COMPARISON OF THE EFFECTS OF 3 
TREATMENT PROGRAMS FOR HOMELESS MENTALLY-
ILL PEOPLE 

   44 1992 CURTIS JL, 1992, HOSP COMMUNITY 
PSYCHIAT, V43, P895 

EFFECT OF CASE-MANAGEMENT ON 
REHOSPITALIZATION AND UTILIZATION OF 
AMBULATORY CARE SERVICES 

   41 1985 RAPP CA, 1985, SOC WORK, V30, P417 CASE MANAGEMENT SERVICES FOR THE 
CHRONICALLY MENTALLY-ILL 
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#4 914 2004.1 250 1997 COSTANZA R, 1997, NATURE, V387, P253 The value of the world's ecosystem services and natural capital 
   38 2005 HOOPER DU, 2005, ECOL MONOGR, V75, P3 Effects of biodiversity on ecosystem functioning: A consensus of 

current knowledge 
   37 2005 KREMEN C, 2005, ECOL LETT, V8, P468 Managing ecosystem services: what do we need to know about 

their ecology? 
   31 2001 CARPENTER S, 2001, ECOSYSTEMS, V4, P765 From metaphor to measurement: Resilience of what to what? 
   30 2004 KREMEN C, 2004, ECOL LETT, V7, P1109 The area requirements of an ecosystem service: crop pollination 

by native bee communities in California 
#5 906 2002.7 25 1995 NAHRSTEDT K, 1995, IEEE MULTIMEDIA, V2, 

P53 
THE QOS BROKER 

   22 1999 GUERIN R, 1999, COMPUT NETW, V31, P169 Quality-of-service in packet networks: basic mechanisms and 
directions 

   22 1998 AURRECOECHEA C, 1998, MULTIMEDIA SYST, 
V6, P138 

A survey of QoS architectures 

   22 1999 DOVROLIS C, 1999, IEEE NETW, V13, P26 A case for relative differentiated services and the proportional 
differentiation model 

   16 1994 ARAS CM, 1994, PROC IEEE, V82, P122 REAL-TIME COMMUNICATION IN PACKET-SWITCHED 
NETWORKS 

#6 866 2002.2 41 1996 HOGGETT P, 1996, PUBLIC ADM REV, V74, P9 New modes of control in the public service 
   31 1992 STEWART J, 1992, PUBLIC ADM REV, V70, P499 CHANGE IN THE MANAGEMENT OF PUBLIC-SERVICES 
   29 1994 DUNLEAVY P, 1994, PUBLIC MONEY MANAGE, 

V14, P9 
FROM OLD PUBLIC-ADMINISTRATION TO NEW PUBLIC 
MANAGEMENT 

   27 1992 SWISS JE, 1992, PUBLIC ADM REV, V52, P356 ADAPTING TOTAL QUALITY MANAGEMENT (TQM) TO 
GOVERNMENT 

   22 2000 DENHARDT RB, 2000, PUBLIC ADM REV, V60, 
P549 

The New Public Service: Serving rather than steering 

7 632 2001.8 40 1995 POPE C, 1995, BR MED J, V311, P42 REACHING THE PARTS OTHER METHODS CANNOT 
REACH - AN INTRODUCTION TO QUALITATIVE 
METHODS IN HEALTH AND HEALTH-SERVICES 
RESEARCH 

   22 1997 GILSON L, 1997, LANCET, V350, P1805 Cost-effectiveness of improved treatment services for sexually 
transmitted diseases in preventing HIV-1 infection in Mwanza 
Region, Tanzania 

   19 1998 BRUGHA R, 1998, HEALTH POLICY PLAN, V13, 
P107 

Improving the quality of private sector delivery of public health 
services: challenges and strategies 

   17 2001 FONT F, 2001, TROP MED INT HEALTH, V6, 
P423 

Diagnostic accuracy and case management of clinical malaria in 
the primary health services of a rural area in south-eastern 
Tanzania 

   15 2003 BRYCE J, 2003, LANCET, V362, P159 Reducing child mortality: can public health deliver? 
8 459 2003.4 25 2002 LEYMANN F, 2002, IBM SYST J, V41, P198 Web services and business process management 
   15 1998 LACITY MC, 1998, MIS Q, V22, P363 An empirical investigation of information technology sourcing 

practices: Lessons from experience 
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   14 1993 FULLER JB, 1993, HARV BUS REV, V71, P87 TAILORED LOGISTICS - THE NEXT ADVANTAGE 
   14 2001 CASATI F, 2001, INF SYST, V26, P143 Dynamic and adaptive composition of e-services 
   11 2003 LEVINA N, 2003, MIS Q, V27, P331 From the vendor's perspective: Exploring the value proposition in 

information technology outsourcing 
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Discussion 

As described above, we performed citation network analysis on SSME research domain. 
Our basic idea was papers dealing with a similar topic cite each other and are strongly 
connected, and papers dealing with different topics are weakly connected. Therefore, the 
division of a knowledge domain into strongly connected clusters by citation analysis can 
detect what kinds of topics are discussed in the SSME research domain. In the result, we 
could find there were mainly eight clusters. Moreover, this SSME research domain is so 
interdisciplinary that each of eight is not so strongly related to others.  

The eight major clusters we extracted can be divided into two groups; basic research (#1 
management, #4 ecosystem, and #5 QOS) and application for society (#2 medical care, 
#3 mental health care, #6 public service, #7 public medical care and #8 IT & Web). It is 
worth to be pointed out that SSME tends to deal the topics of public social systems, such 
as #2 medical care, #3 mental health care, #6 public service, and #7 public medical care, 
in terms of service innovations. As long as we discussed with the experts, there might be 
two reasons. The first one is that the lack of popularity of the concept SSME. Especially 
in the research fields which have clear boundary and have been already industrialized, 
the researcher might not mention about SSME even if they wrote about service 
innovations in their field. The second reason is the increasing attention toward public 
systems. The number of researches relating to public service, such as #6, has increased 
recently (as shown in Fig. 4(b) described in the next paragraph). 

The detailed analysis of each cluster can reveal which clusters are emerging ones. 
Regarding to the average publication year shown in Table. 1., #1, #4 and #8 seemed to 
contain a lot of recent studies. Fig. 4 indicates the number of annual publications in each 
cluster. In this figure, clusters #1, #2, #4, #6 and #8 are still so growing that they can be 
emerging research fronts, while #3 and #5 seems to peak around 2000 and to be mature 
at the end of 2008. 

 

 
Figure 4. The annual number of publications in each cluster in 2008; (a)● : #1, ▲ : #2, ■ : #3, 

★ :#4 and (b)◆ :#5, × :#6, +: #7, ○ :#8. 
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With this method, we can extract the research topics in interdisciplinary research area 
such as service innovation by computational calculation. Currently, some research 
activities tend to research common concepts, crossing the boundaries of existing research 
areas or journals. However, we face increasing difficulty to create an academic landscape 
of these diverse research domains. Our topological approach can become a tool for future 
“Research on Research” (R on R) and can meet a commensurate increasing need as 
scientific and technical intelligence to discover emerging research fronts in an era of 
information flooding. Our research could promote quantitative method in R on R and 
technology and innovation management (TIM), and therefore contribute these research 
domains. 

 

 

Conclusion 

It is widely recognized that the concept of service innovation is significant for innovation 
strategy and economic growth especially in developed countries. However, since the 
term “service innovation” represents a broad sense, there is not the common 
understanding about what is service innovation even among experts. In this paper, we 
created an academic landscape of service innovation from a number of academic 
publications. Of the many definitions of service innovation, we focused on the concept 
“Service Science, Management and Engineering (SSME)” proposed by IBM. We 
collected data of academic papers, created citation network regarding papers as nodes 
and citations as links, categorized papers into clusters, visualized citation networks, 
extracted the topics of each cluster, and discussed the results with experts. Our results 
showed that there were mainly two groups of elements relating to service innovation: 
applications of service innovation such as health and medical care, IT, and public 
service; and basic theories for service innovation such as management, ecosystem, and 
QOS. 
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