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Preface

The discipline of Services Science, introduced by IBM in 2002, has emerged and 
matured in a true transdisciplinary atmosphere. Encompassing disciplines not only in 
management and engineering, it also draws from disciplines such as social and cogni-
tive sciences, law, ethics, economics etc. to address the theoretical and practical as-
pects of the challenging services industry and its economy.  

Services Science leverages methods, results and knowledge stemming from these 
disciplines towards the development of its own concepts, methods, techniques and 
approaches thus creating the basis for true trans-disciplinary gatherings and the pro-
duction of transdisciplinary results. Services Science is building a concrete framework 
for transdisciplinary purposes. 

IESS1.0 – the First International Conference on Exploring Services Science – was 
the first international conference held in Europe in this domain. The conference took 
place during February 17–19, 2010 in Geneva, Switzerland. The goal of the confer-
ence was to build upon the growing community to further study and understand this 
emerging discipline. Academics, researchers and practitioners of all disciplines were 
invited to contribute their results and approaches to Services Science in a trans-
disciplinary setting. In order to achieve the best possible mix of disciplines and their 
representation, the conference call for papers was structured around transdisciplinary 
service research topics including service innovation, service exploration, service de-
sign, service engineering, and service sustainability, and around more disciplinary 
oriented service contexts such as: sectors and services, IT and services, foundations of 
services science, and governance and management. 

The 27 papers included in this volume were carefully selected by the International 
Program Committee out of 42 submissions; 19 full papers and 8 short papers were 
presented during the conference. Given the novelty of the domain of Services Science 
we would like to acknowledge and thank all the reviewers for their valuable and pro-
fessional work in crafting the program of this first conference. 

The conference featured the keynote presentation of Diem Ho from IBM on “Ex-
ploring Service Science in our Current Socioeconomic Environment.” Before the 
conference, a half-day Societal Forum was held and addressed issues in the areas of 
regulatory compliance and initiatives in eGovernment. Next year’s conference is 
planned to take place in Geneva for its second edition (IESS 1.1), during February 
16–18, 2011. As discussed and presented during the conference, the format will 
change towards an open access and a creative commons licensing policy. The submis-
sion process is also evolving towards an open submission process geared at establish-
ing conversations between authors and reviewers. More information will be available 
on the IESS website.  

We would like to thank all the participants and the organizers for their valuable 
contributions. In particular the Conference Chairs: Eric Dubois (Centre Henri Tudor, 
Luxembourg), Dimitri Konstantas and Michel Léonard (University of Geneva,  
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Switzerland); the Organizing Committee: Jean-Henry Morin, Jolita Ralyté, Mehdi 
Snene (University of Geneva), Yves Pigneur and Thibault Estier (HEC Lausanne), 
and all the volunteers: Marie-France Culebras, Aziz Khadraoui, Laurent Moccozet, 
Mélanie Montagnol, Wanda Opprecht, Jean-Marc Seigneur, Xavier Titi, Alfredo 
Villalba Castro, Hikari Watanabe, Anastasiya Yurchyshyna (University of Geneva). 

We wish you a pleasant reading and a fruitful use of these research results in your 
research and applications. 

April 2010 Jean-Henry Morin 
Jolita Ralyté 

Mehdi Snene 
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Towards a Model for Measuring Customer Intimacy in 
B2B Services  

François Habryn1, Benjamin Blau1, Gerhard Satzger1, and Bernhard Kölmel2 

1 Karlsruhe Service Research Institute  
firstname.name@kit.edu 

2 CAS AG 
bernhard.koelmel@cas.de 

Abstract. This paper proposes an approach for evaluating the relationship with 
a customer, leading to the creation of a Customer Intimacy Grade (CIG), across 
multiple levels of granularity: employee, team, business unit and whole organi-
zation. Our approach focuses on B2B service organizations which provide their 
customers with complex solutions and whose relationship with the customer is 
distributed among multiple employees and across different business units. The 
suggested approach should improve the systematic analysis of customer intima-
cy in organizations, leverage the customer knowledge scattered throughout the 
organization and enable benchmarking and focused investments in customer  
relationships.  

Keywords: Customer Intimacy, Social Network, Organization, B2B Services, 
Service Relationships, Customer Relationship Management. 

1   Introduction 

In a demand driven and service-centric market, where companies face ever increasing 
competition, leveraging business relationships to achieve a competitive advantage is a 
key business strategy [1]. The modern perspective on services defines a service as the 
application of knowledge and expertise for the benefit of another entity [2]. This view 
does not separate the creation of value by a provider from its destruction by the con-
sumer [3], but rather emphasizes the notion of co-creation of value between supplier 
and customer. In order for a company to remain competitive, the company must in-
volve the customer in the value creation process [3]. 

Building on a similar idea, Treacy and Wiersema have developed a concept called 
customer intimacy [4], and they argue that it is one of three value disciplines, together 
with product leadership and operational excellence, that leads to market leadership. 
They define customer intimacy as “segmenting and tailoring offerings to precisely 
match the need of customers”. Deep customer knowledge and detailed insights about 
the client´s underlying processes form the backbone of every customer intimacy  
organization. In addition, customer intimacy is characterized by the ability to respond 
quickly to almost any customer need, from customizing a product to fulfilling a  
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special request. It therefore requires the appropriate degree of operational flexibility 
[5]. Customer intimacy is a complex construct, and even though several metrics have 
been conceived in the field of Customer Relationship Management [6], most compa-
nies struggle to quantify and proactively manage the degree of intimacy that they have 
established with their customers. 

Currently there are only a few models available for measuring customer intimacy 
which, however, do not lend themselves to easy operationalization [7][1][8]. Even 
though some models do consider the service dimension [9][10], they particularly do 
not consider the co-creation view on services [3]. 

Our contribution of our research-in-progress paper is threefold. First, we provide a 
novel approach for measuring the degree of intimacy established with a customer, 
leading to a performance indicator which we will call the Customer Intimacy Grade 
(CIG). The CIG yields several benefits, such as giving access to an overview of the 
relationships with customers, and enabling benchmarking intimacy grades in order to 
systematically improve customer relationship processes. The originality of our model 
is that it focuses on the particular challenges of large B2B service organizations which 
are (i) the delivery of complex solutions that include multiple products and services, 
and (ii) the knowledge exchange between multiple business units within an organiza-
tion. Second, we provide an illustrative case study which demonstrates the applicabili-
ty and the added-value of the CIG measurement. With respect to the realization of our 
approach by means of an information system, we thirdly sketch a possible implemen-
tation of our CIG model. 

The remainder of this article is organized as follows. In Section 2, we provide an 
overview of related work. Section 3 elaborates on the model that we propose for 
evaluating the Customer Intimacy Grade and discusses its implementation. We 
summarize our findings in Section 4 and outline future activities in this field of 
research.  

2   Related Work 

The original definition of customer intimacy presented above – to taylor and shape 
products and services to fit an increasingly fine definition of the customer [4] – con-
siders the creation of customer intimacy between two organizations at the enterprise 
level. A major part of the existing literature is based on this definition, but we have 
also found some models emphasizing the employee´s perspective. This section covers 
previous approaches illustrating both the individual and organizational perspectives, 
and establishes the link to the concept of Customer Relationship Management. 

Cuganesan examines the use of accounting numbers to calculate customer intimacy 
[11]. He suggests two modes of calculation: a sales calculation approach and a numer-
ic calculation approach. These approaches are essentially focused on market intelli-
gence data and customer penetration, and they are illustrated with a case study  
describing the complexity of evaluating customer intimacy for an organization in the 
financial services industry. 

In a balance scorecard evaluation, Niven proposes five attributes which can be de-
veloped in order to measure customer intimacy [12]. These are customer knowledge, 
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solutions offered, penetration, culture of driving client success, and relationships for 
the long term. The operationalization or detailed implementation of these attributes 
however remains open. 

Kaplan suggests that for a differentiated customer intimacy strategy to succeed, the 
value created by the differentiation - measured by higher margins and higher sales 
volumes - has to exceed the cost of creating and delivering customized features and 
services [7]. Based on their time driven activity based costing, Kaplan and Anderson 
suggest a model to evaluate customer profitability [13]; the model, however, is not 
specific to companies pursuing a customer intimacy strategy.  

An executive brief [9] suggests that services provide the opportunity for industrial 
companies to significantly deepen the level of customer intimacy and increase cus-
tomer control, but it does not explain how to evaluate this level of customer intimacy, 
and, thus, how to measure the improvement through the added services. 

Potgieter and Roodt provide a model in which they consider customer intimacy 
from the internal perspective and they conceive a questionnaire for the assessment of 
the customer intimacy culture of an organization [8]. This questionnaire was validated 
by an empirical study in a company from the entertainment industry. Their approach 
does not consider the actual intimacy achieved with individual customers, but the 
ability of an organization, and more specifically its cultural aspects, to support a cus-
tomer intimacy strategy.  

Tuominen and Rajala provide a six-layer approach for evaluating customer inti-
macy[1]: they differentiate whether the organization (1) was involved in the cus-
tomer’s planning process, (2) involved customers in their planning process, (3) 
partnered and jointly planned with customers, (4) aligned each other’s operating 
processes, (5) designed operational interfaces, and (6) formalized the system of 
joint decision making. They use this scale to correlate the degree of customer inti-
macy with the internal market intelligence capability of the organization, so called 
market orientation. They recognize the importance of partnership and collaboration 
in the development of a customer intimacy strategy. However, only a few details are 
provided on how to actually measure these layers that merely focus on the organiza-
tional level. 

Abraham emphasizes the importance of the relationships between employees. He 
defines customer intimacy as the formal or informal set of relationships established 
between supplier and customer, with a diverse array of partners, from corporate lea-
dership to functional leadership (engineering, marketing, operations, maintenance, or 
service) and end-users of products or services [14]. These dynamic relationships pro-
vide multiple points and frequency of contacts between the company and its customer, 
as well as multiple points of view about the relationship and its benefits to both par-
ties. According to his work, increasing customer intimacy can be achieved by improv-
ing the attitude of the employees dealing with the customer. 

Yim and al. propose a model in which they consider both the “customer-staff” and 
“customer-firm” interactions in parallel. They define intimacy as the bondedness and 
connectedness of a relationship between two individuals and investigate how intimacy 
and passion can enrich customer service interactions and impact the “customer-firm” 
relationship [10]. 

The vast Customer Relationship Management (CRM) literature aims at improving 
the overall quality of the relationship with the customer as it should provide a seamless 
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integration of every area of business that touches the customer, but several studies 
reveal the challenges of delivering business benefits out of CRM implementations [15]. 
Ballou states that “the old customer relationship management agenda as a bandage 
should now be replaced with the new agenda of customer intimacy, that is, to make 
customers feel good whenever they make contact with your company.” (cited by [10]). 
CRM systems provide many key performance indicators such as customer satisfaction, 
customer value, or sales performance, but these are focused on the outcomes and do 
not do not provide the ability to evaluate the degree of intimacy. 

3   A Model for Measuring Customer Intimacy 

Many different aspects should be considered when developing a model to measure the 
degree of intimacy between a company and its customers. Liljander and Strandvik 
identified within their service relationship quality model that some of these aspects 
are at the organization level, while others are at the individual level [16]. Based on 
this premise, and in order to achieve the benefits outlined in Section 3, our model 
intends to include a calculation of the customer intimacy grade (CIG) for both the 
organizational and individual levels. The organization levels can be a team, a business 
unit or the entire enterprise. 

 

Fig. 1. The two dimensions of customer intimacy 

However, as presented in Section 2, customer intimacy is not only about having a 
high quality relationship with a customer: it is also about how an organization and its 
members are able to leverage the knowledge acquired through this relationship in 
order to shape the offering and to achieve a competitive advantage. Therefore, we 
have represented customer intimacy on the following two-dimensional diagram (ref. 
Fig. 1). The x-Axis represents the quality of the relationship with the customer and 
the mutual willingness to create a partnership, while the y-Axis represents the ability 
to leverage this relationship and to adapt the offering in order to better fulfill the indi-
vidual needs of the customer, and thus to create a competitive advantage. Customer 
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In the remainder of this section, we will detail the first layer and describe the CIG 
decomposition. Furthermore, we propose a concept to measure the individual compo-
nents and aggregate them towards a higher level CIG. We provide a simple example 
to illustrate the application of the idea. Finally, we outline the intended implementa-
tion of the approach proposed.  

3.1   The CIG Decomposition 

As explained in the introduction of this chapter, CIG depends both on the relationship 
quality and on the degree of adaptability. In the following, the underlying concepts 
(depicted in Fig. 2) are identified from the literature and put into context. The notation 
in Fig. 2 is following: each CIG component is specified with two indices. The lower 
index represents the entity in the service provider organization and the upper index 
represents the entity in the customer organization. For instance, CIGO

C represents the 
Customer Intimacy Grade between the organization O inside the service provider and 
the customer C. 

Let us first focus on relationship quality. Many studies which evaluate the consti-
tuents of a relationship in a commercial setting are already available [17][18]. We 
base our evaluation on the recent work from Richard [15] because it focuses on B2B 
service relationships. In its evaluation of the impact of Customer Relationship Man-
agement on B2B relationships, Richard identifies a mean to evaluate the relationship 
quality along three main criteria: communication, commitment and trust. [15]  

Based on his literature review, Richard finds that communication is used to initiate 
and build relationships: mediate ideas, thoughts and feelings, transfer information, 
solve problems and simply connect people [15]. Mohr and Sohi suggest that commu-
nication quality is a function of completeness, credibility, accuracy, timeliness and 
adequacy of communication flows [19]. Therefore, the first assumption of our model 
is that the interactions between the employees of the provider and the customer con-
tain elements of evidence of the communication quality.  

Trust has been conceptualized in the literature as having “confidence in an ex-
change partner’s reliability and integrity” [20]. As this is a complex construct, Sako 
developed it along three dimensions: contractual trust, goodwill trust and competence 
trust [21]. Goodwill trust should be interpreted as a mutual commitment and support 
to each other, including confidence that the partners will not try to take an unfair 
advantage against each other. Competence trust has been defined as the belief that the 
partner has the ability, technical knowledge, expertise and capability to perform his 
role [21]. Our second assumption is that goodwill trust and competence trust increase 
when the service provider and the customer already have a common history and have 
worked jointly on successful activities. Therefore activities are elements of evidence 
for the degree of trust. In addition, identification, which is a process of self-
categorization with respect to others, impacts the perceived proximity [22] and influ-
ences trust because of the feeling of belonging to the same group [23]. Thus, our third 
assumption is that identification is also an element of evidence of trust. 
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The CIG calculation in our model is based on the three functions interaction, ac-
tivity and identity. In order to model the various CIG aggregation possibilities, we 
apply concepts from graph theory. We have defined three graphs Interactions GIn, 
Activities GA and Identification GId. In the three graphs, the nodes represent the n 
employees and formally belong to the set V= {v1,…,,vn} Є V. V can be divided in two 
subsets VC and VP, depending whether the employee belongs to the customer´s C or to 
the provider´s P organization. In order to support the multiple aggregation levels 
represented by the teams and business units, additional subsets can be defined inside 
the provider and customer groups (VCx  VC; VPx  VP). 

The existence of an edge ei,j  between two nodes vi and vj indicates that two em-
ployees already interacted with each other, completed some “adding value” activities 
together, or identified some perceived similarities. The set of edges EG

 includes all the 
edges within a graph G. Our focus is on the subset EG

CP which contains the edges that 
have one node in the provider group, and the other in the customer group EG

CP={ ex,y | 
x Є VC ; y Є VP }. The weight of an edge wi,j represents the amount of interactions, the 
amount of shared activities and the degree of identification between two employees vi 
and vj. In order to calculate these different weights, we use the elements of evidence 
which are available within the third layer “Customer Information Container” (ref. Fig. 
3). Each piece of information added to these containers potentially contains some 
evidence that the intimacy has been modified, like a new contract or a new project, 
and lead to a modification of the CIG value. The aggregation mechanisms for the 
different factors represent one of our main fields of study.  

We have described how to create the three graphs and how to weight the edges. In 
order to calculate the CIG out of these graphs we use the concept of centrality [26]. 
The centrality of a node may be determined by reference to any of three different 
structural attributes of that node: its degree, its closeness or its betweenness. The 
degree centrality CD(i) of a node i is defined as the number of its in- and outbound 
edges divided by the total number of potential nodes adjacent to i. This is an index of 
its potential communication activity. The closeness centrality CC(i) of a node i is de-
fined as the inverse of the sum of the weights of the edges incident upon this node: 
CC(i)-1= ∑ , . This is an index of efficiency. The betweenness centrality CB(i) of 
a node i depends on the the number of node pairs j and k for whom i is situated on the 
shortest path (also called “geodesic”) [27]: 

CB(i)= ∑    where  is the number of geodesics between j 

and k, and   indicates the number of shortest paths between j and k that go 

through i; the fraction  is replaced by zero, when 0. These metrics are 

defined at the node level, thus providing us with the ability to measure the CIG at the 
individual level. One advantage of the centrality concept is that it also provides a 
formalization of aggregation of these three metrics along multiple nodes. We intend to 
use the aggregation formulas described in [27] in order to calculate the CIG for a 
team, a business unit or the entire organization. The Table 1 summarizes the three 
graphs and our interpretation of the three types of centrality in the context of CIG 
calculation. 
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Table 1. CIG Graphs Properties 

Graph Interaction Graph GIn Activity Graph GA Identity Graph GId 
Objective 

 
Representation of the 
established contacts 

Representation of the 
past “adding value” 
activities (e.g.  
completing a project, 
solving a problem, 
selling a new  
solution or renewing 
a contract) 

Representation of the 
perceived similarities 

CIG Impact Communication Trust and  
Commitment 

Trust 

Weight w aggregation based on 
all interactions  
between two  
employees, their 
frequency and quality 

aggregation based on 
activity duration, 
impact for the  
customer and type of 
activity 

Aggregation based 
perceived similarity 
factors (e.g. social, 
geographical,  
cultural) 

Degree Centrality 
CD(v) 

Number of contacts in 
the customer (resp. 
provider) organization 

Number of  
qualitative  
relationships 

Not applicable 

Closeness  
Centrality CC(v) 

Ease of the  
communication 

Intensity of the 
relationship  

- 

Betweenness 
Centrality CB(v) 

Importance and  
implicit power of this 
employee for the 
overall  
communication 

Degree of  
involvement in the 
overall activities 
with the customer 

Ongoing research 

3.3   Illustrative Case Study 

The following example is inspired by a real scenario in a large B2B IT Services pro-
vider. Its purpose is to illustrate our overall concept only, not yet, though, to provide a 
“validated” CIG value. Let us consider a service provider P and a customer company 
C. We will now illustrate the benefits of our model along a sequence of events that 
involve employees from both companies. These events and their impact on the CIG 
are described in Table 2. The actual CIG calculation will be described in detail for the 
event 1 only, due to space reasons. 

Event 1 Calculation.  
The aggregation formula still needs to be refined and investigated. For the purpose of 
illustrating this example, we take the following assumptions:  

− one Project Month has a value of 20 on the activity graph.   
− a phone call and an email have a value of 1 on the interaction graph.  
− a  face to face meeting has a value of 3 on the interaction graph.  
− a perceived similarity has a value of 5 on the identity graph.  
− an adaptation of the offering has a value of 10 for the adaptability. 
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Table 2. Case Study Sequence of Events 

Event Event description Impact on CIG 
0 There are no contacts between P and C and there 

were never any joint activities between employees 
from P and C.  

The CIG is nil 

1 P recruits the employee P1 in the business unit BU1. 
P1 worked as a consultant for the customer C last 
year for three months and he knows two people C1 
and C2 there - and worked specifically with C1.  

The entry of this information 
in the database results in an 
increase of ,  
and  

2 The employee P2 in the business unit BU2 tries to 
get in contact with C, but so far his “cold calls” 
were not successful. He is notified that the CIG of P 
with C has increased and sees that P1 has a positive 
CIG with C. He contacts P2 and asks him to provide 
him with some information on C. During the  
discussion P2 learns that that C might be interested 
in a solution provided by the business unit 2 and he 
gets some information on C´s purchasing behavior  

No impact on CIG 

3 With the help of P1, P2 organizes a meeting with 
three employees from C: C1 C2 and C3. There are 
still no “adding value” activities between C and P 
but the degree of interaction between C and P has 
increased.  

This meetings leads to the 
creation of a small CIG 
between P2 and C1, C2, and 
C3 and thus between BU2 
and C. Also P2 has increased 
his CIG as he met C1 and C2 
again. 

4 This meeting has led to a preparation of service 
contract between BU2 and C. During the design 
phase of the service employees from P and C get to 
know each other and C shares some knowledge 
about their challenges to P.  

The interactions and joint 
activities between  
employees from P and C 
lead to a significant increase 
of the different CIG 

5 The resulting service offering includes n 
modifications to the standard offering in order to 
fulfill C´s requirement 

The integration of the  
customer challenges in the 
design phase leads to an 
increase of the adaptability 
and thus of    and 

6 The director of BU2 has launched a new initiative 
for improving the communication with the 
customers. He would like to evaluate the impact of 
this change on the various customers. 

The director can use the CIG 
and more specifically the 
communication part in order 
to evaluate the impact 

7 The CEO wants to know in which accounts he 
should invest more and to know how to reorganize 
his team in regard to the strategic accounts 

He can use the CIG to  
evaluate the relationship of 
his employees with the 
different customers  

As presented in Table 2, before event #3 occurs, only P2 was in contact with C. He 
had a three month project, resulting to an activity value of 60 ( 60), a very 
significant amount of phone calls, mails and meetings with C1 and C2:  60 
and 70. He perceived six similarities with C1 and 3 with C2: 30,  15. This results in the following graphs (ref Fig. 4).  
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In order to calculate the
ployees in both the service p

Table

Graph Interacti
Degree Centrality 
CD(P1) 

0,105 

Closeness  
Centrality CC(P1) 

7,6 * 10

Betweenness 
Centrality CB(P1) 

1 

The next step is to aggre
Intimacy Grade. Since our
completed, we cannot yet p
culate the centrality metrics
order to obtain the CIG grad

3.4   Realization 
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be fed into an aggregation t
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Fig. 4. Network Layer for event 1 
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are incorporated into revise
joint activities can be found
channels and the customer i
all the media that a compan
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4   Conclusion 

This paper presents a novel approach for measuring the degree of intimacy estab-
lished with a customer, leading to a performance indicator called the Customer Inti-
macy Grade (CIG). Built upon three layers, this model provides the capability to 
quantify the CIG at the individual and organizational level. In the first layer, the CIG 
is decomposed into meaningful indicators. In the second layer we apply concepts 
from graph theory in order to derive these indicators. Finally, in the third layer the 
customer information sources that contain individual evidences of customer intimacy 
are represented.  

In an illustrative case study, we demonstrated the applicability and business bene-
fits of this model, such as giving access to an overview of the relationships with cus-
tomers, supporting the exchange of customer knowledge between different business 
units, and benchmarking intimacy grades in order to improve customer relationship 
processes.  

Our research embodies a promising approach to measure customer intimacy across 
business boundaries and to equip service providers with a meaningful quantitative 
CIG indicator. Nevertheless, further research has to be done to fully evaluate the 
models indicators, metrics and aggregation operations. On the first layer, the weight 
of the different components must be specified, and it should be investigated whether 
additional components should be included by means of qualitative research methods. 
Conducting expert surveys, we furthermore need to specify how to leverage the mul-
tiple centrality indicators in order to represent the CIG of an employee, a team or a 
business unit. On the third layer, we will work in close cooperation with the company 
CAS AG in order to determine the most relevant and most accessible sources of cus-
tomer intimacy evidence in existing enterprise information systems to leverage their 
full potential.  In summary, the first results are promising and substantiate our contri-
bution beyond today’s approaches to holistically evaluate customer intimacy across 
individual and organizational boundaries.  
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Abstract. In the Architecture, Engineering and Construction sector (AEC) co-
operation between actors is essential for project success. The analysis of the co-
operation context enables the identification of the “usages” carried out by each 
actor of a construction project when cooperating with others. It constitutes an 
important issue in highly collaborative domains. This article suggests a usage-
centered process to design Adaptable Visualization Services. A Model-Driven 
Engineering lets us to describe usages, visualization services, business services 
and business domain and to define the relationships between their concepts. 
This method, inspired from UI design methods from software engineering or 
HCI domains, is integrated in an innovative service design process which 
guides the visualization services discovery, specification, development and ap-
propriation by the end-users. 

Keywords: Visualization service, Service design, Usage-centered design, 
Model-driven approach, Construction sector. 

1   Introduction 

Computer-based information systems supporting the cooperative activities in the 
AEC1 sector are emerging, and most of large projects use them to improve communi-
cation between stakeholders. These “large projects” are different from the other ones 
by their scale, i.e. large surface to build, great budget… The organization of the actors 
involved in these projects aims to make uniform the methods of work, the resources 
management, the sharing of documents, or the planning of tasks. In most cases, “cus-
tom-made” software solutions are implemented and are used efficiently in the frame-
work of these contexts of durable cooperation between organizations. However such 
standardized methods are not common in AEC industry projects, which always differ 
                                                           
1 AEC stands for Architecture, Engineering and Construction sector, and describes the eco-

nomic sector of construction, its related actors, methods, and services. 
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in terms of buildings to be designed, constitutions of the teams of actors or communi-
cation methods to be used.  

The concept of “cooperation context” helps us to deal with this complexity. The 
cooperation context of a project is always specific and it conceptually represents the 
actors involved in the project, the activities and the tasks that they perform, the docu-
ments that they use, and the objects that they design and then execute. Each stake-
holder is only involved in a limited area of the cooperation context. 

In such situations, if the composition of IT services is a well-delimited issue, it is 
not really the case for the visualization of information in a service system. Therefore, 
we develop the concept of “visualization service” in order to take into account such 
requirements in service systems developments. Our main hypothesis is that visualiza-
tion services implemented in user interfaces of services systems have to fit usage of 
actors who have specific practices according to their roles in an activity. 

Our approach focuses on the design and appropriation of new IT services (both 
Business Services and Visualization Services) to support cooperative activities in 
AEC. As the improvement and the change of work methods takes time, there are clear 
opportunities for service-science based innovation. From its past experiences, the 
Public Research Centre Henri Tudor (CRPHT) has defined a so-called S2IP (Sustain-
able Service Innovation Process). S2IP supports a networked and open innovation 
approach [1] based on the identification of a networked value constellation [2] mak-
ing sustainable this innovation. A close relationship with research institutes (in this 
case the MAP-CRAI laboratory) enables the transfer/application of research results. 
In this paper we illustrate how the S2IP can be applied to the usage-centered design of 
adaptable visualization services.  

The part 2 presents the service-based innovation applied in the AEC industry and 
defines the issue of adaptation to particular users’ requirements. Then a state-of-the-
art related to usage-centered and adaptivity approaches is presented in order to intro-
duce our understanding of visualization services (part 3). We suggest a process for 
supporting the design of usage-centered visualization services, based on a Model-
Driven Engineering approach (part 4). Finally an example of visualization services 
design based on the proposed process is developed (part 5). 

2   Service-Based Innovation in the AEC Sector Context 

2.1   Challenges in AEC Cooperative Activities  

AEC projects involve temporarily teams of heterogeneous actors (architects, engi-
neers, contractors, material providers, etc.) able to respond to the customer’s require-
ments (i.e. architectural program). Each of these heterogeneous firms has its own 
internal processes, methods and IT infrastructures. Addressing team coordination 
support in AEC implies to take into account the specificities of the activity in this 
sector. They are related to the actors’ organizations (i.e. short-lived and heterogene-
ous teams), the low-predictable nature of the activities, the “prototype” character of 
each building project and the flexible processes of document exchanges. Through a 
“computer support” point of view we notice that 1) existing IT tools are often “single 
business” oriented, 2) they present a lack of interoperability and 3) these tools only 
offer partial representations of the cooperation context to their users. 
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In this specific context our approach focuses on the design and appropriation of 
new IT services and visualizations to support cooperative activities in AEC. The basic 
hypothesis of our previous works is that new tools supporting cooperation have to 
take into account these specificities. They also have to be able to be interfaced with 
existing tools in order to strengthen their usefulness for the users. Finally, appropria-
tion by the end-users has to be taken into account in order to ensure that the practitio-
ners will feel the value-added of the proposed services. 

The particular research project described in this article emphasizes on user experi-
ence of groupware-oriented services systems. The issue that we suggest to address is 
related to appropriation of innovative technology through improved user experience 
and related Human-Computer Interfaces. In Luxembourg, the Public Research Centre 
Henri Tudor (CRPHT) has been engaged in several R&D projects, most of them in a 
PPP (Public/Private Partnership) approach with different stakeholders active in the 
sector as well as with the CRTI-B2, the national professional association promoting 
new usages of ICT in the construction sector and its associated standards. These pro-
jects have resulted in several demonstrators and prototypes [1, 2]. Demonstrators of 
IT-based Business Services are clearly important in a global innovation process. 
However such demonstrators are not sufficient to ensure sustainability of a service-
based innovation. In our work they are part of a larger innovation process called S2IP. 

2.2   A Sustainable Service Innovation Process for the Design of Business Services 

An innovation process called “Sustainable Service Innovation Process” (S2IP) has 
been defined by CRPHT3 and applied as an innovation management process targeting 
the support to innovation in services within open partnerships with targeted benefici-
aries [3]. This process is based on a participatory and collaborative innovation  
approach in order to sustain deep involvement of the network’s actors in the devel-
opment of innovation services. This view is in line with the new research domain of 
Service Science [3]. The overall structure of S2IP is depicted in Fig. 1. 

1. Service value firstly aims at identifying business opportunities for new service 
innovation. 

2. Service design and engineering is associated with the definition of the service not 
only in terms of its business functional objectives but also in terms of all its re-
quired qualities. 

3. Service promotion. Once the service contract has been validated by early adopters, 
it is important to promote the service to other potentially interested parties. 

4. Service management consists of defining and providing tools that can be used by 
those that will deploy the service for checking and measuring the correctness of its 
implementation. 

5. Service capitalization. Once a services system is deployed within a sector or or-
ganizations, it is necessary to collect feedbacks in order to define the possible evo-
lution of the service. 

                                                           
2 The Resource Centre for Technologies and Innovation in Construction (CRTI-B) is a stan-

dardization body involving all the representative building trades in Luxembourg. 
http://www.crtib.lu 

3 CRPHT is an RTO (a public Research and Technology Organization) according to the 
EARTO terminology (www.earto.org). 
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Fig. 1. The S2IP Innovation Process 

These activities related to service innovation have been deployed in research pro-
jects targeting the design of business services aiming to improve cooperation activi-
ties in construction projects. The targeted sector has been deeply involved in the  
design process through a close partnership with CRTI-B. Two sets of business ser-
vices supporting construction activities have already been designed and are being 
transferred to the sector [4]. While experimenting these business services in 5 real 
pilot-projects situations we have been able to appreciate, modify and finally validate 
the resulting business services [5]. 

But experiments also revealed that the Human-Computer Interfaces (HCI) pro-
vided with the business services shown their limits. Indeed many experimenters sug-
gested improvements or particular requirements related to their individual needs: their 
own usages. Some examples are given below: 

• When consulting the project’s documents, the architects coordinating exchanges of 
documents need to track which documents are new ones in order to check their 
conformity, whereas contractors prefer to search for a specific document related to 
their current activity on the construction site, 

• Coordinators of construction activity require a rapid view of coordination-related 
documents such as meeting reports and construction planning, whereas architects 
prefer to rapidly visualize new plans, 

• Engineers want to obtain rapidly a specific view of the validation tasks they have 
to perform, whereas architects prefer to visualize every validation tasks pending in 
the project documents. 

This feedback gathered during business services experiments differs from our initial 
aim, which was related to diffusing the designed business services. It shows that if 
cooperation necessary remains on setting up a cooperative work context (i.e. what 
working practices will be setup in a cooperative situation, at the group level?), the 
specific requirements of each type of actor of the construction projects have also to be 
specifically addressed by the services. 
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In this paper we develop the concept of “adaptable visualization service” in order 
to take into account such requirements in service systems developments. The design 
of such kind of service has to consider the particular needs of the users of a service 
system, which generate particular usages and associated requirements in terms of 
information visualization. 

3   Usage-Centered Approach, Adaptivity and Visualization 
Services  

Our main hypothesis is that visualization modes implemented in Human-Computer 
Interfaces of IT services have to fit usage of actors who have specific practices ac-
cording to their role in an activity. Usages differ from traditional user profiles in con-
text-aware computing by increasing its acceptance with: 

• Organizational and operational roles of a project’s actor in a particular cooperative 
situation,  

• Particular requirements generated by the available business services in the collec-
tive project.  

Therefore visualization techniques of project context could be designed according to 
the usages. They can be identified as an “adaptable visualization service” which could 
be chosen, integrated and used by the actors to perform their activity inside a project. 

3.1   Usage Centered vs. User-Centered Design of HCI 

The usage-centered engineering has been introduced by Constantine and Lookwood 
[6] to develop software that support all the tasks that users have to accomplish. This 
method suggests a systematic process using abstract models to guide user-interface 
designers. The originality of this approach is to combine and adapt requirement analy-
sis models that come from the software engineering domain. The usage-centered de-
sign is proposed as an alternative to user-centered design which relies on three main 
techniques: user studies (to identify the users’ need), rapid prototyping (to get user 
feedback), and usability testing (to identify usability problems) [7]. The differences 
between usage-centered design and user-centered design [7] is that the focus is not 
users but usage, i.e. the tasks intended by users and how these are accomplished. The 
major difference stays in the process: in the user-centered design the process is a se-
quence of approximations where the final solution emerges through repetitive cycles of 
trial design and user’s feedback; in the usage-centered design, the process takes the 
form of an integrated concurrent engineering process which produces an incremental 
design described by interconnected models from which a final visual and interaction 
design are obtained by transformations. Then the usage-centered design can be assimi-
late to an MDE approach as those emerging currently in the HCI domain [8]. 

The usage-centered design method is based on three principal abstract models 
which guide the process (role model, task model, and content model) and two sur-
rounded models (domain model and the operational model) (c.f. Fig. 2). 
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Fig. 2. The models used in the usage-centered design method (extracted from [9]) 

This approach which is made for define the user interfaces of a specific software 
related to particular needs, has the originality to define a set of models to describe 
incrementally the future UI. But, when the forms of visualization can be variable and 
interchangeable according to the role of different actors and also to the context of use, 
this method becomes inappropriate according to the many forms of UI that has to be 
studied and defined. 

The adaptation of the interface to the context of use is a very active domain of re-
search and stimulated by the growing needs in pervasive computer applications. 

3.2   Adaptable versus Adaptive User Interface 

The expansion of pervasive applications and user mobility has generated new user 
needs. Personal digital assistants, mobile phones, and modern communication devices 
are now used to realize many user activities. Many applications become mobile by 
proposing the same functionalities as those presents in versions used in desktop com-
puter. The mobile application, and particularly its user interface, must be adapted to 
the context of use. Usually, in software engineering, the adaptation of an interactive 
application to different contexts of use requires costly redesigns of the user interface 
(UI) and a difficult maintenance of the different versions.  

In HCI, the adaptation of an interface is characterized by two properties: adaptabil-
ity and adaptivity. While adaptability refers to the ability of an interface to be modi-
fied by users, adaptivity refers to its ability to change without explicit intervention of 
users. By analogy with the plasticity of a substance or entity, UI plasticity is also 
defined as its the capacity to adapt to the context of use while preserving its usability 
[10]. Thus, plasticity appears as a form of adaptivity and the associated design meth-
ods are emergent and innovative. The objective of plastic UI design approaches, by 
opposition of those used in software engineering domain, is “to design once and gen-
erate many times”. 
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So, they identify different contexts of use (target) and design, for each target, the 
user interface elements that may evolve according to the context alterations in order 
to preserve the usability. In these approaches the context of use is described by three 
aspects: user, platform and environment. The user aspect denotes the characteristics 
of the archetypal person who is intended to use the interactive system. The environ-
ment aspect includes elements that characterize the physical places where the interac-
tion will take place. Finally the platform aspect describes the physical and software 
resource that bind together the physical environment with the digital world [8]. 

By reusing the concepts and method of MDE of software engineering, the latest 
approaches offer a set of models describing different aspects of both the context of 
use but also the usability, the domain, the tasks, the workspaces, …[11]. All models 
obtained from dedicated meta-models are then "mapped" and bound by rules of trans-
formation. Thus, when in an user interface described by these models, an element of 
the context changes the interactive system tries to restore a sort of "stability" by main-
taining consistency introduced in the models. 

The principal interest of this type of approach is the exhaustiveness of models to be 
considered to design plastic UI and the application in the definition of the USIXML 
language allowing designer to aboard the description of an UI with many levels[12]. 
But these approaches have been used in applications with simple user interface and 
low functional coverage (home heating control, slides viewer, a web tourism site [8]) 
and in individual activity situations. Indeed, when the activity is collective, another 
context has to be taken into account: it is the one of the actor in the activity: its role, 
its competencies. Relatively to this context, each actor is faced with particular situa-
tions that he needs to understand by building his point of view on the collective activ-
ity in which he participates. In our approach, we consider a point of view as a set of 
visualization modes adapted to different usage existing around the collective activity. 
The definition of a viewpoint is then a choice among a set of adaptable visualization 
services offered by a service system, which mediatizes the collective activity. 

3.3   Visualization Services 

Visualization services (VS) allow users to visualize a collection of information by 
using a remote service offering added value in interpreting the information repre-
sented. The visualization in the form of services is often dedicated to a particular 
scientific domain. It is based on the same principle, as other forms of more business-
oriented services, of the classical SOA approaches: loose coupling, reusability, evo-
lutivity by composing services. VS are used in areas where the interpretation of a 
large volume of data is a critical need as medicine [13] or network security [14]. VSs 
can also be enough general to be used in many particular situations (information 
search, management decision, diagnosis...) in individual or collective visualization 
activities [15]. 

Such services are typically designed around the concept of “dataflow” or “pipe-
line” which define a series of steps building the visualization from a data set. In the 
sequence of processing steps, raw data are first filtered, then transformed to a geomet-
ric representation and finally this geometry rendered as an graphic/image [16]. Recent  
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approaches based on "services" propose to distribute each step, in the form of dedi-
cated services, across the grid [15]. In literature, method descriptions are particularly 
oriented on explaining the distributed architectures implementing the pipeline. Just a 
few papers deal with implementing service design. In this area, the MDE approaches 
and the adaptable visualization services design are emerging. One of these emerging 
methods proposes to design adaptable visualization services (AVS) [14]. This method 
allows different actors to visualize the same information with different points of view 
by combining different forms of visualization. Three layers (or models) composed the 
method: “i) language layer, ii) visualization methods layer, iii) transformation layer 
”[14]. Even if this method does not fit exactly into an MDE approach, it remains 
interesting in its objective to give each actor of a collective activity (here the security 
management of networks) the possibility to adapt the visualization to his need and to 
propose a method to describe and add new visualization services.  

The choice of adaptable visualization services in a collective activity of visualiza-
tion is recent. Its extension to the visualization of cooperative context information is 
certainly innovative. It consists in offering to each actor of a collective activity (e.g. a 
construction project) the ability to select and organize visualization services as a 
multi-view user interface to build his appropriate visualization of the cooperative 
context. The method we propose focuses on a usage-centered design of these adapt-
able visualization services where the business component is essential. 

4   Towards a Usage-Centered Design of Adaptable Visualization 
Services Based on MDE 

As usages are numerous, we have to choose a generic method to describe and imple-
ment them as IT services in a service system. We aim to consider usages to guide the 
business services and visualization services design. Model-driven engineering (MDE) 
approach allows us to consolidate the three concepts in relationship (Fig. 3): domain 
targeted (which one guarantees sector fitting), business service, and visualization 
service. MDE recommends the use of meta-models to define domain specific lan-
guages. The following parts described basic concepts of our meta-models. 

4.1   Usage Metamodel  

In our preliminary approaches, usages are identified through the following questions 
(Table 1): who performs it?, how is the usage performed?, where is it performed?, 
when? and what? 

This approach is derived from domain-specific collective work practices which 
generate themselves particular requirements for each actor of a collective activity, 
depending on his role or his particular responsibilities in the project Usages are de-
fined independently of any existing IT service or groupware functionality. In this 
sense it differs from the definition of “use cases” in UML or task models in HCI 
while concepts are closed. 
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Table 1. Usages attributes 

Usage’s  
attribute type 

Usage’s attribute name Related to 

Who? Usage’s name Actor’s role and cooperative  
situation characteristics 

 Role concerned (project’s actor) Related to the AEC Business  
domain 

How? Business task in which context 
the usage is performed 

Related to the AEC Business  
domain and to the Business  
Process of a Business Service 

What? Main concept required, 
Sub-concepts required to 
perform the usage 

Related to the AEC Business  
Domain 

What? Information quantity Related to the AEC Business  
Domain 

When? Usage Frequency Related to the AEC Business  
Domain 

Where? 
When? 

Context of application of the 
usage (location, time, device) 

Provided by the Business Service 

 

Fig. 3. Usage-centered Model infrastructure dedicated to adaptable visualization service design 

4.2   AEC Domain Metamodel 

The usage modeling refers to some specific concepts from a particular context of 
cooperation in the AEC domain, especially to precise the “what” and the “who?” 
questions. To describe these particular context models, we have defined a Coopera-
tion Context Meta-Model (CCMM), which characterizes the cooperative activity at a 
high level of abstraction. CCMM strengthens the relationships existing between the 
elements of cooperation (actors, activities and artifacts). 
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4.3   Business Service Metamodel 

Business services represent all the possible activities inside a project, it provides the 
how?, where? and when? questions in the usage definition (§ 4.1). The description of 
business services requires to use the same modeling framework to guarantee the 
alignment between the concepts introduced at each modeling level. The Business 
Service Metamodel describes business services aspects: functional and non functional 
resources, elements related to services’ configuration (execution process) and the 
attached business process. This approach is inspired from other works such as the 
ones of IBM [17]. The metaconcept matching between metamodels enables to design 
business services adapted to specific domain cooperation contexts by using domain 
concepts when configuring the business service (service model level). 

4.4   Visualization Service (VS) Metamodel 

These previous works on domain modeling (§4.2) and the ongoing works on usage 
(§4.1) and business service (§4.3) modeling target the design of adaptable visualiza-
tion services (AVS) for particular usages in AEC. The definition of usage aims at 
better understanding the business services and concept domains that are needed in 
visualization of particular situation. The challenge is to improve information display 
for each user’s usage. We suggest defining a metamodel of the adaptable visualization 
services in order to describe AVSs used in groupware services and to enable their use 
in UI adaptation and configuration. The description of visualization techniques aims 
at defining their capability in terms of information visualization, on the basis of the 
relevant literature in the field [18, 19, 20]. At this time, the following attributes have 
been identified: 

• Structure of the visualization technique: this attribute is related to the structure of 
data representation (hierarchical, concentric, and linear…). 

• Quantity of information displayable: display of data (high quantity of unit data, 
proportion of heterogeneous data…). 

• Graphical attributes: what graphic means are used in the technique in the manner 
of Bertin’s encoding mechanisms? 

• Content description: what domain-specific content is represented in the User  
Interface? 

• Logical link with other visualization techniques: describes how a visualization 
service can be coupled to another. 

• Interaction principles: clickable elements, such as user buttons, pop-up menus… 
• Business view: is the visualization technique well known in a specific domain? 

This attribute is important because it helps to determine the impact of train-
ing/adaptation periods required by the users. 

4.5   S2IP-Based Adaptable Visualization Service Design Process 

The sections above highlight the high interrelation between usages, domain and busi-
ness services concepts in the process of designing Adaptable Visualization Services 
for a particular domain. Such innovation projects have to be rigorously performed. 
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Then consolidating the design process, such as S2IP applied in Business Service De-
sign, makes sense. The major challenge in AVS design process consists in identifying 
possible visualization services applicable in particular usages. From our model-based 
approach description, we retain the necessary “mapping” between usage, domain and 
Business Service attributes on the one side, and Visualization Service attributes on the 
other side. The main challenge is to map the concepts of usages to the ones of Visu-
alization Services such as shown in Fig. 4. 

This basic mapping between usages and visualization techniques is the core of the 
suggested Adaptable Visualization Services design process. 

Visualization Services design is a process that has to closely involve target-domain 
practitioners, in a networked innovation approach. Therefore we formulate the hypothe-
sis that S2IP (§2.2) could guide this process. The identification of the research and  
innovation activities described above could be linked with the aim of two S2IP proc-
esses: 1) service value and business strategy and 2) service design and engineering. 

 
Fig. 4. Mapping Usage attributes to Visualization Service attributes 

5   Example of Visualization Services Design 

We carried a first experiment aiming at designing visualization services on the basis 
of usages that we identified with practitioners. This research work helped us to con-
solidate the design process (§4.5) and led to the development of four visualization 
services integrated in a prototype application [21].  

Usages related to the role of “architect” have been identified. The approach was 
based on the existing best practices related to document management (§ 2.2). We 
distinguished between two types of usages: the ones related to the understanding of 
the state of the cooperative context (i.e. awareness usages) and the others related to 
the specific actions the role has to perform (i.e. action usages).  

These usages have then been described according to the defined metamodel (con-
cepts presented in Table 1). If we analyze one example: “searching a document”, this 
usage has been described as follows (Table 2). 

A first set of 37 architect-specific usages has been identified. In a second stage we 
have setup an experiment protocol in order to validate their usefulness with practitio-
ners. Interviews have been carried out aiming at verifying qualitative aspects of us-
ages (are they really useful) and quantitative aspects (among the 37 usages, what are 
the preferred ones?). 
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Table 2. Example of usage attributes 

Usage’s attribute name Example 
Usage’s name “Searching for specific documents in order to 

check their consistency with main  
architectural plans or find past decisions.” 

Role concerned (project’s actor) Architect 
Business task in which context the usage is 
performed 

Coordination of exchanges. 

Main concept required, Sub-concepts 
required to perform the usage 

Document (its name). 
Type of the document, author (sub-concept). 

Information quantity Search among a big quantity of documents. 
Usage Frequency Quite rare. 
Context of application of the usage 
(location, time, device) 

At the office, on a Personal Computer. 

 
Once some visualization techniques were described, we tried to find a logical man-

ner to associate them with usages. Attributes of usages were compared to attributes of 
visualization services. Two usages have been selected, and for each one, two visuali-
zation services have been selected (Table 3). 

Table 3. Sets of usages and visualization services of the example 

Usage name Adaptable Visualization service 

Treemap + Coverflow Searching for specific documents in order to 
check their consistency with main  
architectural plans or find past decisions. Table (chart) 

Gantt timeline Consulting project requests in order to 
validate it or comment the documents. Relational graph 

The visualization services have been described according to the AVS metamodel 
concepts (§4.4). The Table 4 presents the description of the “treemap” visualization 
service according to this metamodel. 

The two usages and their related four visualization services have been imple-
mented in a demonstrator prototype called E.V.A. (Experimental Visualization Appli-
cation). The Fig. 5 shows the E.V.A. interface4. A basic selection of a usage and a 
particular visualization enables the user to test it. 

The final part of this visualization services design example is related to the valida-
tion of the proposition. As usages were previously validated with practitioners (see 
above) we had a first assessment of their utility. A second experiment stage led us to 
test the Visualization Service implemented with users. The process relied on testing 
tasks performed by users and a final questionnaire/discussion to gather qualitative 
feedback. 17 users performed the experiment and provide us interesting results. In our 
example, treemap + coverflow AVS appeared useful to search among big quantity  
of documents. Training period seems to be relatively brief, once the principle is  
 

                                                           
4 E.V.A. prototype has been developed as a Rich Internet Application (RIA), based on the 

FLEX framework. 
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Table 4. Model of the treemap visualization service 

Visualization service attributes Example 
Visualization service’s name Treemap 
Structure of the visualization technique Hierarchical structure. 
Quantity of information displayable Capability to represent high quantity of 

information, proportionally display of data. 
Graphical attributes Areas of variable sizes and colours. 
Content description Areas representing documents or sets of 

documents (e.g. by type) 
Interaction principles Filtering of document sets by selecting a 

colored area. Possible navigation within 
documents hierarchy (not mandatory). 

Business view No: consider a necessary training period. 

 

Fig. 5. Screenshot of the E.V.A. interface, showing Adaptable Visualization Services 

explained. Therefore we concluded that it was well adapted to the corresponding 
usage. Further tests are however necessary to confirm these results. 

6   Conclusion  

The definition of adaptable visualization services (AVS) oriented by business usage 
in a particular domain requires a sustainable approach in which business actors must 
have a strong involvement. In this article, we have attempted to show how the innova-
tion process S2IP, used in many CRPHT projects, associated with a MDE prospective 
approach of the MAP-CRAI, can be a guide to propose, design, implement and vali-
date business services and AVS. 
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Currently, the process used in this method is related to the first two processes of 
the S2IP innovative process. Indeed the method is exploratory and three of the pro-
posed meta-models (usage, business services and AVS) are still in a development 
state and require some testing and improvements. In the presented example, two  
modeled usages have guided the design of four AVS which have been validated by 
professionals. The definition of new usages and new AVS will allow us to refine the 
meta-models and their matching (mapping).  

The realization of the final processes of S2IP (services promotion, management 
and capitalization) will require the definition of an integration tool of AVS like the 
mashup platforms of Web services [22, 23] based on a dedicated language, similar to 
EMML5 that describes the integration. In our prospects, the definition of such a lan-
guage will be built on the meta-models concepts and mapping, and it will describe the 
assembly and adaptation of the visualization services chosen by the platform user. 
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Abstract. In this paper, we present SATIS, a framework to derive Web

Service specifications from end-user’s requirements in order to opera-

tionalise business processes in the context of a specific application do-

main. The aim of SATIS is to provide to neuroscientists, which are not

familiar with computer science, a complete solution to easily find a set of

Web Services to implement an image processing pipeline. More precisely,

our framework offers the capability to capture high-level end-user’s re-

quirements in an iterative and incremental way and to turn them into

queries to retrieve Web Services description. The whole framework relies

on reusable and combinable elements which can be shared out by a com-

munity of users sharing some interest or problems for a given topic. In

our approach, we adopt Web semantic languages and models as a unified

framework to deal with end-user’s requirements and Web Service de-

scriptions in order to take advantage of their reasoning and traceability

capabilities.

Keywords: Web Services, Semantic Web, Intentional Modeling, Rules,

Reuse.

1 Introduction

Service-oriented computing is a paradigm relying on services as atomic con-
structs to support the development and easy composition of distributed appli-
cations. Application components are assembled with little efforts into workflows
of services loosely coupled to operationalise flexible and dynamic business pro-
cesses. Searching for the relevant Web Services to operationalise a particular
business process is one of the challenges of the service-oriented computing area.
At present, in the process of searching for Web Services, it is assumed that user’s
goals have already been identified, captured, specified and formalised in a suit-
able model to easily find the relevant services. Or it is considered that users,
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which often are specialists of their domain, are also computer scientists or at
least connoisseurs of Web Services. These hypotheses are generally too strong to
be reasonable.

In this context, the SATIS (Semantically AnnotaTed Intentions for Services)
project’s ambition is to allow final users to express their intentions (or goals)
and strategies (to achieve their intentions) in a high-level language, and to sup-
port the selection of a set of Web Service descriptions which could respond to
the users’ needs. But this problem is complex and cannot be solved in a general
approach. Therefore, we focus on an application domain where domain knowl-
edge and service descriptions (semantic Web Services) are available. The aim
of SATIS is to provide to neuroscientists, which are not familiar with computer
science, a complete solution to easily find a set of Web Services to implement an
image processing pipeline.

Indeed, our purpose is to give at users disposal some useful dedicated reusable
fragments of know-how to help them to implement their business goals with Web
Services. Therefore, our approach relies on high-level business-oriented activity
specification with the help of an intentional model in order to derive Web Service
description from this high-level specification. We also focus on a community of
users sharing some interest or problems for a given topic inside the business
domain.

Our work belongs to the family of goal-based service retrieval approaches.
These approaches ([23,24,25,2]) aim at specifying the goals which have to be
satisfied by the retrieved services. In these proposals, different models are pro-
vided to specify goals without addressing the problem of how to capture them.
On the contrary, our aim is to provide means to assist final users in querying the
Web Service registry to find Web Services to operationalise a business process.
The GODO approach [8] also addresses this issue by proposing models and tools
to capture user’s goals with the help of an ontology or in natural language. As in
[10], we propose an incremental process to refine users’ requirements in order to
specify the features required for the Web Services under retrieval. Our approach
distinguishes itself from [10] by the fact that we rely on semantic Web models
and techniques to enrich the goal (or intention) specification, in order to provide
reasoning and explanation capabilities.

With regards to approaches dealing with ontology-based service discovery
[12], and more precisely OWL-S based approaches (as we are relying on OWL-
S with regards to Web Service descriptions), capability matching algorithms
[11] exploiting service profile descriptions have been proposed. Matchmaking
algorithms [15] comparing state transformations described in the query to the
ones provided in the descriptions have also been proposed. All these algorithms
mainly exploit features of subsumption relationships. Ranking mechanisms have
also been provided [1]. Our approach distinguishes itself from these works by
the fact that our focus is on providing means to assist final users in authoring
queries (more than rendering them). In other words, we are interested in the
upstream process of deriving queries from final users requirements. Moreover,
our concern is also on how to annotate such queries in order to support their
capitalisation and sharing among a community of users.
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Beyond an alternative way to search for Web Services, we provide means to
capitalise know-how about Web Service search procedures themselves. Another
novelty of our approach is to operationalise goals by rules in order to promote
both mutualisation of high-level intentional specification and cross-fertilisation
of know-how about Web Services search procedures among the community
members.

The paper is organised as follows. First we give an overview of our SATIS
approach in section 2. Then, in section 3, we detail the authoring process pro-
posed in SATIS and how the authored search procedure is rendered in section 4.
Next, we explain in section 5 how the framework is used by the different actors
interacting in a neurosciences community of users. Finally, we conclude and give
some perspectives.

2 SATIS Approach

The aim of our approach is to provide to neuroscientists, which are not familiar
with computer science, a complete solution to easily find a set of Web Services
to implement an image processing pipeline. The focus of this proposal is on how
to search and retrieve Web Services descriptions from end-user’s requirements.
Indeed we provide support to retrieve an organised set of Web Service descrip-
tions suitable to operationalise an image processing pipeline as specified by a
neuroscientist (final user).

As we are interested by high-level end-user’s requirements, we rely on a ded-
icated graphical notation to capture and specify them. In the context of a neu-
roscientists community, these requirements deal with image analysis pipelines.
Different business process modeling formalisms have been proposed in the lit-
erature [13]. Decision-oriented models are semantically more powerful than the
other process models because they explain not only how the process proceeds
but also why. Their enactment guides the decision making process that shapes
the process, and helps reasoning about the rationale [13]. Our approach is based
on the adaptation of such a decision-oriented model called the map model [21].
This intentional process modeling formalism allows final users (neuroscientists)
to define their image analysis pipeline by describing intermediate intentions (i.e.
goals and subgoals to be satisfied through the processing chain) and strategies
(i.e. means to reach goals).

As we are interested by the end-user’s point of view on the processing pipeline
to be operationalised by Web Services, we don’t want him/her to explicitly spec-
ify the Web Service(s) s/he is interested in but the intention(s) s/he wants to sat-
isfy by rendering Web Service(s). Moreover, we don’t want to explicitly associate
Web Service descriptions to high-level end-user’s intentional requirements. In our
framework, end-users associate queries to their requirements. Indeed, queries al-
low end-users to specify generic Web Service descriptions. For instance, in a
neuroscientist community, by looking for a Web Service which takes as input an
image and provides as output a debiased image, the end-user specifies the kind
of Web Service s/he is interested in without explicitly refering to one specific
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Web Service. By doing so, we assume a loosely coupling between high-level end-
user’s intentional requirements on one hand and Web Services descriptions on
the other hand: if new Web Service descriptions are added inside the community
Web Service registry, they can be retrieved to operationalise a high-level end-
user’s intentional requirement even if the requirement has been specified before
the availability of the Web Services under consideration; and if Web Service de-
scriptions are removed from the community Web Service registry, the high-level
end-user’s intentional requirements that they satisfied are still valid and may be
operationalised by other available Web Services. Web Services are dynamically
selected when rendering queries associated to high-level end-user’s intentional
requirements.

In our approach, we also adopt Web semantic languages and models as a uni-
fied framework to deal with (i) high-level end-user’s intentional requirements, (ii)
generic Web Service descriptions and (iii) Web Service descriptions themselves.
With regards to high-level end-user’s intentional requirements, we adapted the
map model [21] to our concern and gathered its concepts and relationships into
an RDFS [20] ontology dedicated to the representation of intentional processes:
the map ontology [5]. As a result, intentional processes annotated with concepts
and relationships from this ontology can be shared and exploited by reasoning on
their representations. We also consider semantic Web Service descriptions spec-
ified with the help of the OWL-S ontology [14]. And finally, generic Web Service
descriptions are specified with the help of the W3C standard query language
for RDF [19] annotations: sparql [22]. Generic Web Service descriptions are
formalised into graph patterns over Web Services descriptions. Indeed, our ap-
proach relies on three ontologies: The map ontology we proposed [5], the OWL-S
ontology [14] and a domain ontology (in our case an ontology describing medical
images and medical image processing dedicated to the neuroscience domain).

Knowledge capitalisation, management and dissemination inside a commu-
nity of members may be supported by a collective memory, that is to say an
explicit, disembodied and persistent representation of the community knowl-
edge in order to facilitate access, sharing and reuse [6]. In semantic collective
memories, resources are indexed by semantic annotations in order to explicit
and formalise their informative content. Information retrieval inside the collec-
tive memory relies on the formal manipulation of these annotations and is guided
by ontologies. In SATIS, we are dealing with annotations about Web Service de-
scriptions, generic Web Service descriptions and high-level end-user’s intentional
requirements. We are exploiting reasoning and traceability capabilities of seman-
tic Web models and languages to provide dedicated search, sharing and reuse
means to improve collaboration inside a community of neuroscientists. Beyond
a way to retrieve Web Services, our approach aims at providing means to pro-
mote mutualisation of high-level end-user’s intentional requirements and cross
fertilisation of know-how about how to operationalise image processing pipelines
among the community members. Our proposal may be compared to case based
reasoning approaches in that it provides means to identify relevant Web Service
descriptions (solutions) corresponding to new high-level end-user’s intentional
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requirements (problems) based on Web Service descriptions (solutions) identified
for similar requirements (problems). Indeed high-level end-user’s intentional re-
quirements are considered as problem descriptions and Web Service descriptions
are considered as solutions. generic Web Service descriptions as well as subgoals
and strategies elicited to specify high-level end-user’s intentional requirements
are considered as intermediary knowledge on which to reason to reduce the gap
between high-level end-user’s intentional requirements and Web Service descrip-
tions thus providing solutions to problems that is to say proposing Web Services
to implement an image processing pipeline.

Indeed, we address the issue about how to retrieve Web Service descriptions
from high-level end-user’s intentional requirements by providing means to reuse
existing knowledge about relevant Web Services to operationalise high-level end-
user’s requirements inside the scope of a community of users.

3 SATIS Authoring Process

In SATIS, search procedure authoring is supported by a three steps process:
(i) high-level end-user’s intentional requirements elicitation, (ii) requirements
and generic Web Service description formalisation and (iii) fragment definition.
During this process, the map model [21] helps to capture high-level end-user’s in-
tentional requirements. The map ontology, the domain ontology and the OWL-S
ontology are used to formalise the high-level end-user’s intentional requirements
and to specify associated generic Web Service descriptions. RDF annotations
representing high-level end-user’s intentional requirements and sparql queries
formalizing generic Web Service descriptions are then grouped into rules consid-
ered as reusable fragments.

3.1 Elicitation Step

Figure 1 shows an example of high-level end-user’s intentional requirement deal-
ing with tissue and lesion classification. It is specified with the help of the map
model [21]. According to [21], a map is a process model in which an ordering of
intentions and strategies has been included. In our case, we focus on image pro-
cessing intentions and image processing strategies. A map is a labeled directed
graph with intentions as nodes and strategies as edges between intentions. An
image processing intention is a goal that can be achieved by following a strategy.
An intention expresses what is wanted, a state or a result that is expected to be
reached disregarding considerations about who, when and where. There are two
distinct intentions that represent the intentions to start and to stop the process.
A map consists of a number of sections each of which is a triple (source intention,
target intention, strategy). A strategy characterises the flow from the source in-
tention to the target intention and the way the target intention can be achieved.
A map contains a finite number of paths from its start intention to its stop
intention, each of them prescribing a way to achieve the goal of the image pro-
cessing pipeline under consideration. Indeed, it is at runtime, when an intention
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Fig. 1. Example of high-level end-user’s intentional requirement

is satisfied, that one target intention and one strategy are chosen (among all the
target intention and strategies available from the current intention), depending
on the context of the process at runtime.

In figure 1, we can see 3 main intentions: Image preprocessing, Skull
striping and Image segmentation. Between the intentions, we discover strate-
gies. Strategies define the way to pass from an intention to a next one. There can
be many strategies which link up the same intentions (for instance to indicate
which (kind of) algorithm is used to achieve the target intention). Indeed, in a
map, each set which is made up by a source intention, a strategy and a target
intention is a section of the map. An example of section has been highlighted
with a doted line in figure 1. Let’s precise that a map is neither a state diagram,
because there is no data structure, no object, and no assigned value, nor an
activity diagram, because there is always a strong context for each section of the
map: its source intention and its strategy. We can attach more information to
this kind of schema (in order to help the user of the map to choose the adequate
strategy, for example), but this is not the goal of this paper to fully describe the
map model.

The aim of such a modeling is to capture high-level end-user’s intentional
requirement in order to turn them into generic Web Service description to search
for available Web Services to implement the image processing pipeline under
consideration. Indeed, high-level end-user’s intentional requirement may need to
be further refined to be transformable into generic Web Service description. For
instance, in the example of figure 1, additional specification would be useful to
understand what kinds of generic Web Service descriptions are suitable to search
for Web Services implementing image preprocessing. Therefore, each section of a
map may be refined into another map describing more in detail how to reach the
target intention of the section under consideration. Figure 2 shows an example
of map refining the section highlighted in Figure 1. In this map, different ways
(i.e. different paths) to achieve the target preprocessing intention are provided.

At the refinement level presented in figure 2, it is now possible to associate
generic Web Service descriptions to map sections in order to specify how to
retrieve Web Service description implementing the section target intention. For
instance, a query searching for Web Service descriptions which have an image as
input, and an image qualified as debiased as well as a bias field as outputs aims
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Fig. 2. Example of requirement refinement

at retrieving Web Service descriptions corresponding to the section highlighted
in figure 2.

3.2 Formalisation Step

The second step of the authoring process is devoted to the formalisation of the
intentions and strategies elicited during the previous step, as well as the generic
Web Service descriptions associated to the most refined map sections. Intentions
and strategies are formalised by using verbs, objects and manners from the
domain ontology. Indeed, during the elicitation step, end-users think in terms
of goals and means to reach goals while in the formalisation step, they try to
formalise through domain concepts how to qualify goals and strategies elicited
in the previous step.

To further formalise map elements, we rely on [16,17] proposal, which has
already proved to be useful to formalise goals [18,9,21]. According to [16,17],
an intention statement is characterised by a verb and some parameters which
play specific roles with respect to the verb. Among the parameters, there is the
object on which the action described by the verb is processed. We gathered the
concepts and relationships of the map model and this further formalisation into
an RDFS [20] ontology dedicated to the representation of intentional processes:
the map ontology [5]. Intention, Strategy, Verb, Object and Manner are examples
of concepts provided in this ontology.

The mappings between the domain ontology and the map ontology are auto-
matically created when concepts of the domain ontology are selected to formalise
map content. Domain concepts are then considered as instances of Verb, Object
and Manner. Let us consider again the map depicted in figure 2. Intention Bias
correction is described by Debiasing, instance of Verb, and Image, instance
of Object. With regards to strategies, up to now we only consider one strategy
between a source and a target intentions. So far, we did not qualify strategies by
binding them to domain concepts. In the future, we plan to extend our Web Ser-
vice annotation model with quality of service (QoS) information and to qualify
map strategies by QoS domain concepts considered as instances of class Manner.
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By using the map and the domain ontologies, a common vocabulary is used
by the different members of the community contributing to support know-how
sharing and cross fertilisation.

In SATIS, we assume Web Service descriptions are expressed in OWL-S. In
our current scenarios, we only use the profile and the grounding of OWL-S as
well as the input and output specifications in the process description. We enrich
OWL-S description by considering Web Service OWL-S description elements
(as input and output parameters for example) as instances of domain concepts.
Thanks to this additional instantiation of domain concepts, it makes it possible
to reason on OWL-S description element types to retrieve for instance subclasses
of concepts we are interested in.

Generic Web Service descriptions are expressed as sparql queries among
the Web Service descriptions expressed in OWL-S. The following query, where
namespace process refers to the OWL-S process ontology and namespace dom
refers to a domain ontology, is an example of generic Web Service description to
retrieve debiasing Web Service description.

prefix dom: <http://.../dom-onto#>

prefix process: <http://.../Process.owl#>

select ?service

where

{

?service process:hasInput ?r1

filter(?r1 =: dom:Image)

?service process:hasOutput ?r2

filter (?r2 <=: dom:DebiasedImage)

?service process:hasOutput ?r3

filter (?r3 <=: dom:BiasField)

}

In this example, we are looking for Web Services which OWL-S description
indicates that the Web Service under consideration requires a parameter instance
of the Image concept from the domain ontology as input and two parameters,
instances of concepts (or sub-concepts) of DebiasedImage and BiasField as
output.

3.3 Fragmentation Step

In SATIS, the process consisting in retrieving Web Services descriptions from
high-level end-user’s intentional requirements about image processing pipelines
is viewed as a set of loosely coupled fragments expressed at different levels of
granularity. A fragment is an autonomous and coherent part of a search process
supporting the operationalisation of part of an image processing pipeline by
Web Services. Such a modular view of the process aiming at retrieving Web
Service descriptions from high-level end-user’s intentional requirements favours
their adaptation and extension. Moreover, this view permits to reuse fragments
authored to deal with a specific high-level end-user’s image processing pipeline
in the building of other pipelines.
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The fragment body captures guidelines that can be considered as autonomous
and reusable. The fragment signature captures the reuse context in which the
fragment can be applied.

For us, a guideline embodies know-how about how to achieve an intention in
a given situation. We distinguish two types of guidelines: intentional and opera-
tional guidelines. Intentional guidelines capture high-level end-user’s intentional
requirements which have to be refined into more specific requirements. Opera-
tional guidelines capture generic Web Service description.

Map formalisations and sparql queries respectively constitute the body of
intentional and operational reusable fragments. The fragment signature char-
acterises the fragment content and let the other members of the community
understand in which situation the fragment may be useful. A fragment signa-
ture is specified by a map section. The target intention of the section indicates
the goal of the reusable fragment and the source intention as well as the strat-
egy specify the reuse situation in which the fragment is suitable. The section
highlighted in figure 1 is an example of signature for an intentional fragment
which body is the map presented in figure 2. The section highlighted in figure 2
is an example of signature for an operational fragment which body is the query
presented in section 3.2.

Indeed in SATIS, fragments are implemented by backward chaining rules,
which conclusions represent signatures of fragments and which premises repre-
sent bodies of fragments (either operational or intentional guidelines). We call a
rule concrete or abstract depending on whether its premise encapsulates opera-
tional or intentional guidelines.

These rules are implemented as sparql construct queries. The Construct
part is interpreted as the head of the rule, the consequent that is proved. The
Where part is interpreted as the body, the condition that makes the head
proved. When considered recursively, a set of sparql construct queries can be
seen as a set of rules processed in backward chaining.

The following rule, where namespace map refers to the map ontology, names-
pace process refers to the OWL-S ontology and namespace dom refers to a
domain ontology, is an example of concrete rule implementing an operational
fragment aiming at retrieving debiasing Web Services.

<rule rdf:ID="rule-c2">

<rule:value>

prefix dom: <http://.../dom-onto#>

prefix map: <http://.../map-onto#>

prefix process: <http://.../Process.owl#>

construct

{

_:s map:hasStrategy _:g

_:g map:hasParameter map:AnyParameter

_:s map:hasSource _:o

_:o map:hasObject map:AnyObject

_:o map:hasVerb map:AnyVerb

_:s map:hasTarget _:i
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_:i map:hasObject dom:Image

_:i map:hasVerb dom:Debiasing

_:s map:hasResource ?service

}

where

{

?service process:hasInput ?r1

filter(?r1 =: dom:Image)

?service process:hasOutput ?r2

filter (?r2 <=: dom:DebiasedImage)

?service process:hasOutput ?r3

filter (?r3 <=: dom:BiasField)

}

pragma {cos:server cos:query true}

</rule:value>

</rule>

In the Where part of the rule, we recognise the query previously presented
in this paper. In the Construct part of the rule, a graph pattern correspond-
ing to the map section to build if Web Service descriptions are found in the
community Web Services registry is specified. This graph pattern specifies the
fact that no specific strategy and no specific source intention is required to
achieve the target intention (concepts map:AnyParameter, map:AnyObject and
map:AnyVerb are used in the specification). It also indicates that target inten-
tion is formalised by the object dom:Image and the verb dom:Debiasing. The
retrieved Web Service descriptions are associated to the newly built map section
through the hasResource property.

Thanks to SATIS three steps authoring process, high-level end-user’s inten-
tional requirements are capitalised inside the community semantic memory in
order to be reused during the rendering process that will be detailed in the
following section.

4 SATIS Rendering Process

The rendering step is supported by backward chaining among rules and matching
with the Web Service descriptions. We rely on a semantic engine for both back-
ward chaining on the SATIS knowledge base of rules implementing the reusable
fragments and matching with the knowledge base of OWL-S Web Service descrip-
tions. During the rendering step, high-level end-user’s intentional requirements
are dynamically created when needed all along the backward chaining process, as
temporarily subgoals, until Web Service descriptions are found to match all the
sub-goals and therefore the general goal of the high-level end-user’s intentional
requirement. As a result, a community member looking for solutions to opera-
tionalise an image processing pipeline will take advantage of all the rules and all
the Web Service descriptions stored in the community semantic memory at the
time of his/her search. This memory may evolve over the time and therefore the
Web Service descriptions retrieved by using a rule may vary as well.



40 I. Mirbel and P. Crescenzo

Let’s clarify that the result is composed of descriptions of candidate Web
Services, and not by Web Services themselves. The invocation of the selected
(among the candidates) Web Services is out of the scope of this work. When
rendering a Web Service descriptions search process, a set of candidate Web
Services (alternatives) is associated to each goal or subgoal elicited during the
specification of the image processing pipeline. So, the result of the rendering is
a sequence of sets of candidate Web Services. But as the formalism we choose to
model image processing pipeline, the map model [21], allows to specify several
way to achieve an intention, the result of the rendering step may be composed
of several sequences of sets of candidate Web Services.

5 Improving Collaboration among Community Members

One of the main objectives of SATIS is to support neuroscientists when look-
ing for Web Services to operationalise their image processing pipeline. In this
section we will first discuss the role of the different actors involved in the neuro-
science community and then describe the different means we provide to support
neuroscientists tasks.

Three core actors are identified in our framework: the service designer, the
process modeling expert and the domain expert. In a neuroscientists community,
computer scientists play the roles of service designer and process modeling expert
while neuroscientists play the role of domain expert.

The service designer is in charge of promoting the Web Services available in
the community Web Service registry. Therefore, when s/he wants to advertise
a new kind of Web Service in the neuroscientists community, in addition to
adding the Web Service description in the community Web Service registry,
s/he writes a generic Web Service description and associates to it high-level end-
user’s intentional requirements to promote the services s/he is in charge from the
end-user’s point of view (that is to say in a non computer scientists language,
as OWL-S is). The service designer is in charge of authoring atomic reusable
fragments.

The process modeling expert is in charge of populating the community se-
mantic memory with reusable fragments to help domain experts to (i) specify
the image processing pipelines for which they are looking for Web Services and
(ii) search for Web Service descriptions to operationalise the image processing
pipelines they are interested in. Indeed, s/he provides reusable fragments useful
in different image processing pipelines. Basic processes, as for instance inten-
sity corrections, common to several image analysis pipelines, are examples of
such basic fragments. Therefore, s/he may look at the fragments provided by
the service designer with the aim of aggregating some of them into basic im-
age processing pipelines. For instance, if Image debiasing, Image denoising,
Image normalisation and Image registration Web Service descriptions are
provided in the community Web Service registry (and associated fragments pro-
vided in the community semantic memory) at some point, the process modeling
expert may put them together into a basic Image preprocessing pipeline. S/he
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may also identify recurrent needs when supporting domain experts in their au-
thoring task and therefore provide adequate basic fragments for image process-
ing pipelines. The process modeling expert may therefore write abstract rules.
If concrete rules about generic Web Service descriptions corresponding to im-
age processing subgoals are already available, the process modeling expert only
writes the abstract rules. Otherwise, s/he is also in charge of writing the associ-
ated concrete rules.

Finally, the domain expert (or final user) is searching for Web Service de-
scriptions to operationalise an image processing pipeline s/he is interested in.
Therefore, s/he may first look in the community semantic memory if some ex-
isting rules already deal with the main intention s/he is interested in. If another
member of the community already authored an image processing pipeline achiev-
ing the same high-level goal, s/he may reuse it as is. The goal under consideration
may also be covered by a larger image processing pipeline specified through a
set of rules already stored in the community semantic memory and corresponds
to one of the subgoals of the larger pipeline. In this case also, existing rules
can be reused as is and the rendering step to operationalise the image process-
ing pipeline under consideration performed on the current semantic community
memory content. If no high-level end-user’s intentional requirements are already
available, the domain expert specifies the image processing pipeline under con-
sideration with the help of the process modeling expert. Indeed, abstract rules
have to be written. Then, for each subsection identified in the high-level ab-
stract rule, the domain expert may search for existing rules supporting their
operationalisation. If it is the case, then s/he can decide to rely on them and
stop the authoring process. Otherwise, s/he may prefer to provide his/her own
way to operationalise the subgoals. By doing so, the domain expert enriches the
semantic community memory with alternative ways to operationalise already
registered goals. This will result in enriching the operationalisation means of the
image processing pipelines already formalised into rules stored in the seman-
tic community repository. In fact, when someone else looking for the subgoals
under consideration will perform a rendering process, if his/her image process-
ing pipeline relies on the achievement of a target intention for which a new
operationalisation means has been provided, the backward chaining engine will
exploit the rules previously stored in the semantic community repository as well
as the new ones, increasing the number of ways to find suitable Web Service de-
scriptions. Each time the domain expert, with the help of the process modeling
expert, decides to provide new ways to operationalise a map section, s/he has to
select the right level of specification of the fragment signature, in order to allow
the reuse of the fragment under construction outside of the scope of the image
processing pipeline under consideration.

From a more general point of view, domain and process modeling experts
mainly provide intentional fragments: Domain experts focus on high-level in-
tentional fragments, close to the image processing pipelines they want to op-
erationalise. Process modeling experts focus on low level intentional fragments,
that is to say fragments operationalising basic image processing pipelines. And
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service designers mainly focus on providing operational fragments to promote ex-
isting Web Services. But domain and process modeling experts may also provide
operational fragments to specify their requirements in term of services. And
the service designers may also provide intentional fragments in order to show
examples of use of available Web Services inside the scope of more complex ex-
amples of image processing pipelines. By relying on a rule-based specification
to retrieve Web Service descriptions and by providing distinct and dedicated
modeling techniques to both service designers and service final-users as well as
mapping mechanisms between them, we assist the bidirectional collaboration
between neuroscientists and computer scientists inside the community.

An important objective of the SATIS project is to provide to domain experts
means to better understand what are the characteristics of the available services
and how to use them in the scope of the image processing pipeline they are
interested in. We support this aim by several means:

– Requirements about Web Services are described in terms of intentions and
strategies that is to say a vocabulary familiar to the domain expert, making
the understanding of the a Web Service purpose easier to understand by
domain experts.

– The SATIS approach relies on a controlled vocabulary (domain ontology) to
qualify Web Services as well as requirements, this way reducing the diversity
in the labeling, especially in Web Services descriptions elements.

– We propose to specify required Web Service functionalities in terms of queries
(i.e. generic Web Service descriptions) instead of traditional Web Service
descriptions in order to provide an abstraction level supporting the categori-
sation of available Web Services and this way an easier understanding of the
content of the registry by domain experts.

– In our approach we clearly distinguish an authoring step and a rendering
step:
• During the authoring step, the focus is on the elicitation of the search

procedure. The domain experts think in terms of intentions and strate-
gies (and not in terms of services). His/her search procedure is fully
described, eventually with the help of the fragments already present in
the community semantic memory.

• During the rendering step, it is the system (and not the domain expert)
which tries to find Web Services corresponding to the requirements spec-
ified by the experts (by proving goals and sub-goals). Indeed, the experts
don’t need at all to know the content of the registry. A pertinent subset
of it will be extracted by the system and shown to the experts.

– And finally, SATIS relies on a rule based approach which doesn’t show to
the domain expert the full set of rules exploited by the backward chaining
engine to satisfy the user requirements. When rendering a search procedure,
the domain expert only selects the intention characterizing his/her image
processing pipeline and the system will search for the rules to use. A set of
Web Services descriptions is given to the domain expert as result. But the
complexity and the number of rules used to get the solution are hidden to
the domain expert.
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6 Conclusion

In this paper, we presented SATIS, a framework to derive Web Service specifica-
tions from end-user’s requirements in order to operationalise business processes
in the context of a specific application domain. More precisely, our framework
offers the capability to capture high-level end-user’s requirements in an iterative
and incremental way and to turn them into queries to retrieve Web Services
descriptions. The whole framework relies in reusable and combinable elements
which can be shared out inside the scope of a community of users. In our ap-
proach, we adopt Web semantic languages and models as a unified framework
to deal with (i) high-level end-user’s intentional requirements, (ii) generic Web
Service descriptions and (iii) Web Service descriptions themselves. SATIS aims
at supporting collaboration among the members of a neuroscience community
by contributing to both mutualisation of high-level intentional specification and
cross-fertilisation of know-how about Web Services search procedures among the
community members.

Future works will first focus on adapting our model to corese [7,3], a se-
mantic Web search engine including a backward chaining mechanism in order
to test our approach on examples of image processing pipelines. We also plan
to develop software tools in order to automate the main tedious steps, like the
transformation of the map specification into sparql rules and to test our ap-
proach in the context of a neuroscientist community. We also have in mind to
enrich the formalisation step by taking into account additional information in
order, for instance, to derive criteria related to quality of services. Indeed, we
plan to extend our Web Service annotation model with quality of service (QoS)
information and to qualify map strategies by QoS domain concepts. And we
will also concentrate on providing query patterns to help experts writing generic
Web Service descriptions.
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Abstract. The purpose of this paper is to investigate the utilization

of lean manufacturing systems in public service operations for poten-

tial added value. A case study of lean manufacturing implementation

at a UK city council was carried out using in-depth interviews with

key personnel coupled with documents collection. The Organizational

Commitment Questionnaire (OCQ) was administered among front-line

employees. Results show that lean manufacturing systems could create

significant added value to the business and employees. A strong relation-

ship was demonstrated between the lean manufacturing implementation

and the affective commitment level of employees. This paper is one of a

few studies that demonstrate the applicability of manufacturing systems

in other settings and that they can generate significant added value for

the service department and its employees.

Keywords: Public services, Lean manufacturing, Affective commitment,

Service delivery.

1 Introduction

Managers in many organizations are often constrained to ineffective courses of
action in call centre projects which fail to achieve a satisfactory level of service
quality [1]. In many occasions, the ineffective call centres project implementation
and management is a result of the inappropriate use of Key Performance Indica-
tors (KPIs). This is due to the excessive focus on statistics to satisfy targets [2].
This causes the system to hide many repetitive tasks and procedures that are
considered as waste. The waste present in the service system makes the service
process sluggish and time consuming which in turns harms the customer ser-
vice level and dissipates monetary resources. Furthermore, studies on call centre
management practices and environment have revealed that there is a tendency
to focus on efficiency (volume of calls handled) rather than effectiveness (service
quality and customer orientation) [3]. In other words there is a focus on quan-
tity rather than quality [4] [5]. This focus on quantity explains such issues as
inflexibility, sluggish response procedures, stifling of employees human qualities,
and increased stress on employees [6].
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However, service departments have to achieve targets if the parent organiza-
tion is to maintain their support [2]. Due to the current economical pressures,
public services must include a demonstration for Value For Money (VFM) for
the operations and services they run. This is a challenge for managers with the
need that substantial cashable efficiency savings will be required, ideally with-
out impacting upon service performance. This resulted in a quest for ways to
achieve savings through the application of transformational reviews of systems
and managerial regimes.

Nowadays, lean manufacturing systems are widely used in many manufactur-
ing industries around the globe, they have also witnessed acceptance from service
industries [7] as a possible strategy to face increasing customer expectations and
intensive economical pressures for reduced costs. Several studies have emerged
in this regard to investigate the lean manufacturing approach use in service de-
partments. For instance, Levitt [8] argued that service departments could achieve
significant benefits from adopting the principles of lean manufacturing. Similarly,
Bowen and Youngdahl [9] made the case, on the basis of Levitt [8] work, that
service departments must continue their endeavour to adopt manufacturing pro-
duction models. They argued that the lean manufacturing approach to services
has reduced non-value added from service processes while acheiving customer
focus. However, these studies, like many others, have failed to link this adoption
of lean manufacturing with the effects on employees affective commitment and
their role in creating a high quality service.

This paper aims to explain the gradual shift in management thinking in public
sector service departments towards adopting manufacturing models as a substi-
tute for traditional functional specialization. It investigates the impact of the
lean manufacturing systems on the added value to the public services depart-
ments in terms of employees’ affective commitment leveraging. In the following
sections, the concepts of lean manufacturing are presented, the concept of affec-
tive commitment and both its prerequisites and significance on service quality are
then discussed. This is followed by a description of the case study organization
and data collection procedures. Finally, results are presented and conclusions
discussed.

2 Lean Manufacturing and Service Operations

Lean manufacturing principles were introduced for the first time in Toyota Pro-
duction System (TPS) as a comprehensive strategy for the elimination of waste
from work operations [10]. The elimination of waste is achieved through the cre-
ation of value stream mapping of operations that deliver solutions and products
in minimal time [11] [12]. Arguably, Sugimori et al. [13] was the first to discuss
the TPS in the academia [14], they have introduced the two basic concepts that
Toyota has recognised as the guiding principles for its new methodology. The
first was the attaining of low cost production through waste elimination. The
second is the utilisation of their workers capabilities to the utmost by treating
them as human beings. In Sugimori et al.’s [13] own words: It (i.e. Toyota) has
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built up a system of respect for human. This respect was due to the companys
belief that respecting human abilities and capabilities is where the competitive
success lies. Workers were allowed to make decisions they found necessary for the
work, such as stopping the line when a problem happens, make work changes,
and make any improvement initiative to remove any waste found in the system.
Lean manufacturing is also defined as the ability of the organization to do more
work with less resources [11], thus reducing overall costs. It embraces a number of
strategies that comprise the whole leanness philosophy, these are JIT (whereby
products and parts are only produced when a customer demand is received),
workers empowerment, zero inventory, team working, continuous improvement,
value streams and quick system set-ups [15].

However, a gap seems to be present in service organizations between the man-
agement focus and that of front-line. While the premium interest of management
in service organizations, similar to other types of organizations, is the cost, the
one used at the customer interface level is of service quality and customer sat-
isfaction [12]. To cover this gap of interest the management has to understand
that as the service level increases the operating costs decrease. If the customer
receives what he wants from the organization from the first contact created,
then the customer is receiving a quality service with least-cost incurred by the
organization, since the customer does not need to call again to get what he
wants.

Service departments are typically exposed to a greater demand variety from
the customer than are manufacturing departments [16]. In order for the service
organization to absorb demand variety it needs an adaptive mechanism similar to
that of a living organism that can adapt to the surrounding environment in order
to function and thrive. Such an organic structure is typified by devolved decision
making processes [17]. The characteristics of this approach are that jobs are wide
in scope and employees are allowed to act on a variety of tasks, to learn and to
build relationships with customers [18]. These tasks are not governed by rigid
rules and procedures; the team shares the responsibility of the work. Hierarchy of
control is not usually present thus allowing the team to identify the right person
to solve a particular problem. Help desks, for example, are typically mechanistic
structure units by the managerial systems they use. However they are outward-
facing entities exposed to the ever-changing environment. The emphasis that
mechanistic structures must be shielded from the environment strongly indicates
that help desks must be given an organic face [6].

3 Affective Commitment Significance

Organizational commitment has emerged as a platform for the identification of
the relationship between organizations and their individuals [19]. Mathieu and
Zajac [20] have found that the concept of organizational commitment has taken
two dimensions in empirical studies, some have described it as a consequence
when linking it with work environment, role states and organizational struc-
tures, others have described it as an antecedent when linking it with turnover,
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absenteeism and personal behaviour. In the review of literature, organizational
commitment has been defined as the employee’s psychological attachment to
the organization [21] [22]. Allen and Meyer [23] argued that organizational com-
mitment has three different components. First, affective commitment where the
person strongly identifies with the goals of the organization and desires to re-
main a part of it because he wants to do so. Second, continuance commitment
where the employee commits to an organization because of the high cost asso-
ciated with leaving the organization. Third, normative commitment where the
employee attaches himself to and remains a part of an organization that has
invested resources in training or educating him.

Several studies have demonstrated that organizational commitment, job sat-
isfaction and quality of service are interrelated [24] [25]. Affective commitment
was found to be more effective than the other two components in influencing the
service quality of customer-contact employees. The impact of affective commit-
ment on service quality can be explained by understanding its antecedents [26]
[27]. The antecedents encompass that if the organization provided the chance
for its employees to fulfil their personal ambitions; desire of achievement, au-
tonomy, and a sense of control on what the employees have, then employees are
more likely to develop affective commitment with their employer. Affective com-
mitment is also related to the employer ability to decentralize decisions making
processes to be at the employees level, this gives employees a feeling of personal
importance and value in the organization. Employees whose working experiences
are rewarding and fulfill their own aspirations are more likely to develop affective
commitment, and are ready to exert more effort on behalf of the organization to
deliver high levels of service quality than those whose working experiences were
less rewarding [28]. However, managerial practices and organizational structures
conventionally implemented in call centres across the service industry can in-
hibit the development of a rewarding job experience for employees. This is due
to standardised work procedures, monitored dialogue [29] [30], mechanisation of
customer-employee contact and an emphasis on quantity statistics and targets
over the quality of interaction [5] [31]. As a result employees possess reduced
levels of affective commitment in such environment.

Ellis and Taylor [30] found that despite strident calls for new forms of organi-
zational structures and management styles, managerial practices and organiza-
tional structures commonly implemented in call centres inhibit the development
of a rewarding job experience for employees.The consequence is high employee
turnover, low service quality and ultimately low customer satisfaction. However,
it is argued in this paper that the concepts of lean manufacturing of respecting
human capabilities and abilities, discussed earlier, play a major role in leverag-
ing affective commitment of front-line employees. lean manufacturing this way
provides employees with a sense of control on what they have, and gives them a
feeling of personal importance and value in the organization. Due to these rea-
sons employees working under the lean manufacturing principles are more likely
to develop affective commitment with their organization [26].
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In fact, affective commitment has a direct impact on organisational efforts for
financial savings. This is due to the direct and indirect cost of employees turnover
if they lack a sufficient level of affective commitment. Direct costs (i.e. quantifi-
able) include advertising and recruiting cost, interviewing cost, orientation or
training cost, and employment application processing cost. While indirect costs
(i.e. unquantifiable) include reduced quality assurance, increased sick time and
decreased morale that is perceived as of invaluable effect on call centre environ-
ment and customer retention [32]. Furthermore, a highly affectively committed
employee does exceptional job of delivering a quality service that retains cus-
tomers [22] [28]. The longer the customer stays with the company, the more
the profits gained would be. Customers who stay with the company for longer
become accustomed to use the service more and thus profits increase [33].

4 Case Study

An independent case study was carried out in the Information and Communica-
tion Technologies (ICT) department of Stockport Council in England. The ICT
Department has a help desk that supports more than 6000 customers across
the council departments and related directorates for their hardware and soft-
ware needs and IT problem solving. The help desk has a total of 18 employees
working on phones and emails. There were two team leaders in the ICT help
desk responsible for day to day operations of the work. In general, the work of
the employees is very similar to call centre environment where customers call
seeking information on how to solve IT problems or for technical support. The
purpose of the help desk from customer perspective was to provide customer
with IT support and systems he needs and will need to do his job effectively. In
contrast, the purpose of the original system (before transformation) from em-
ployees perspective-derived from the management practices- is to do my task
and meet the set targets. This mismatch of perceived purpose was identified as
resulting in a sub-optimum solution.

It was recognized that Stockport Councils aspirations for moving from excel-
lent to exceptional require a continuation in the improvement of both perfor-
mance and the use of resources. Further, the governments expectations include
local authorities identifying 3% cash releasing efficiency gains each year and
demonstrating and embedding VFM in a more explicit manner. Therefore, it
was likely that some form of step change will be necessary to meet in full the
challenges that lie ahead. In response to the need for improvement initiatives the
ICT department was a part of a strategic approach to achieving the improve-
ments and efficiencies necessary to enable the council to demonstrate VFM in
the delivery of its priority outcomes, through the transformation of business and
service delivery processes and methods. The transformation programme followed
lean manufacturing principles and covered all functions of the ICT department.
The transformation programme progressed in three stages:

Stage 1: (Check) This stage started with demand analysis. A check team
was recruited to perform this crucial stage of the programme. The check team
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collated information about what customers expect and want from the ICT help
desk and what matters to them most. Data collated in this process enabled
identification of the major demands coming into the area. A visual representation
of each operation carried out in the help desk was developed as a flow chart.
Identification of waste (actions not adding any value from the customers point
of view) was then carried out. All processes classified as waste were marked in
red on the process flow chart, and processes that add value from the customer
point of view were marked in green.

Stage 2: (Redesign) The team redesigned the processes flow taking what have
been learned in the check phase considering the customer wants and then map-
ping out the service of the future. The new design focused on minimizing non-
value adding activities from a customer point of view. However, it was recognized
that complete elimination of non-value adding activities from a customer point of
view was never going to be possible. The new processes were tested, re-designed
and re-tested again to make sure that customers get the best possible service
before going live in the help desk.

Stage 3: (Roll-In) This stage covered implementation of the new model within
the ICT help desk by a gradual rolling in of employees. As the check team
progressed and the discussion was held about the roll-in of staff to this new way
of working, it was key to continue the identification of appropriate training. To
ensure sustainability of the new system design a comprehensive staff training
needs were identified as they arose in the help desk.

The data was primarily collected through in-depth interviews and question-
naires conducted within the premises of Stockport Council, followed by docu-
ments gathering. 16 interviews in total were conducted in research site, 11 were
front-line employees from the help desk, three middle managers from the ICT
department and two senior managers one is holding the services director posi-
tion and the other is the head of transformation. Thematic analysis [34] methods
were employed to identify the main themes constituting the interviewee replies.
This process consisted of a set of steps that allowed the generation of central
themes. First, the research objectives along with the interview transcripts of this
study were revised in order to identify general theoretical topics that could help
generate a coding framework for the interview transcripts. A coding framework
is a set of words or topics that are carefully selected to represent a general mean-
ing of what has been said in the interviews segments [35]. Second, the interview
transcripts were carefully revised again with the aim of dividing the text into
meaningful parts to reduce the data. Every part was then given a code that
belongs to a pre-defined criteria (i.e. specific word or topic). Third, after a sign-
ing a code for each text in the interviews, another revision was carried out to
find codes with common themes. This way allowed for clustering text segments
around specific themes that was used later for interpretations.

The 15-items Organizational Commitment Questionnaire (OCQ) was intro-
duced by Porter et al. [36] to measure affective commitment, this was further
shortened to a nine-items version. The shortened nine-items version was found to
be more superior than the full 15-items version and more effective for measuring
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affective commitment [19]. Hence, the nine-items OCQ was administered in this
study. It used an interval five options likert-type scale with the following anchors
(strongly disagree, disagree, undecided, agree, and strongly agree). Documents
were also collected through the head of transformation and services director.
These comprised mainly reports about the nature of the project, progressed
achieved and the project management plans.

5 Case Study Findings

The in-depth interviews conducted were focused on exploring employees working
conditions under the new system and the impact that lean manufacturing has on
service operations and managerial roles, the thematic analysis of the interviews
generated the following central themes:

Theme 1- working experience: Employees indicated that they now enjoy
wider scope of demand and authority to make decisions on phones. The team
share responsibility of the work and informal channels of communication is en-
couraged to allow for a quicker transfer of knowledge between members. Em-
ployees now get correct information from customers that could deliver a better
service without the need for repeating phone calls. Customers get what they want
with the elimination of transfer from pillar to post. One employee is now dealing
with the demand in a very efficient way with more time to speak to customer.
Employees indicated that 85% of incoming phone calls are now dealt one stop.
The management focus shifted from targets and statistics towards percentage of
one stop calls and demand analysis. No phone calls recording was required and
no pre-specified call durations were used. In addition, no scripts were used for
employees to follow when talking to customers.

Theme 2- performance measurement: Employees are measured and evalu-
ated on the basis of sticking to working principles of meeting customer demand.
Team leaders log into the system to track each employee profile on daily basis to
see the frequency of phone calls that have been met one stop, each employee is
expected to handle at least 5 calls every day and complete them one stop. Em-
ployees commented that it is now possible to complete phone calls one stop due
to the authority they have to make decisions and deliver the optimal solution
required. In addition, The correct information collected from customers allowed
for the precise identification of problems and thus a satisfactory solution to be
provided.

Theme 3- departmental Integration value: Interviewees recognised com-
munication between departments as important. However, they indicated that the
functional specialization model created a silo between sections and departments
as every department was viewed as a separate entity that should not interfere
with the work of other departments, one manager stated we thought functional
specialization was an efficient way to do the work but it was not...the system was
frustrating and did not allow for open doors policy. Interviewees claimed that
they have witnessed huge improvements in communication, formal and informal
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meetings at managers and departmental level. As a result, front-line employees
were provided with quick feedback and support channels from other business
units when needed to serve customers.

Theme 4- operational value: All managers regarded the following contribu-
tions as important tools to prove lean manufacturing principles value in public
service departments: cutting down the waste in the service system that makes
the service process sluggish and time consuming. Saving resources/money with-
out cut in service. 85% of calls are done one stop by one employee for each
call. lean manufacturing principles is the only model that works with the Hu-
man side to change the nature of work. Reduction in repeated calls and thus
improved productivity and handling capacity. Systems clarity and transparency
due to continuous demand analysis. Focus on customer services rather than
maintaining the system.

Measuring Affective Commitment: The data collected from the nine-item
OCQ questionnaire was analysed to examine how affectively committed the help
desk employees were. Responses were sought from statements such as I talk up
this council to my friends as a great organizations to work for and this council
really inspires the best in me in the way of job performance. A total of 18 em-
ployees working at the help desk were available at the time of the questionnaire,
all employees responded targeting a 100% response rate. Responses to the nine-
items are averaged to obtain a single score for each item; the standard deviation
for each item was also calculated see Table 1. An overall mean for the nine
items of 3.77 was achieved. This provided a clear indication of fairly high affec-
tive commitment level among employees in the Help Desk, where a return of 3.0
would indicate a neutral level of affective commitment and where values of 3.5
are typical in many organisations. A summary of the results is shown in Fig 1.

6 Analysis and Discussion

The traditional help desk environment represents the latest form of Taylorist
principle as it is a common trend in help desks globally to practice high lev-
els of monitoring over their employees [37]. However, the results of interviews
conducted with front-line employees at the help desk have shown that the im-
plementation of lean manufacturing principles has delivered numerous improve-
ments. Employees under the new system are no longer restricted to repetitive
job handling procedures or target achieving dilemma, they are empowered to
do the job in the best way they see is vital to satisfy customer needs. Hence,
employees have opportunities to develop their working skills by handling a wide
range of challenging demands on daily basis. Their performance is evaluated on
their ability to help the customer solve his problem from the first interaction
without the need for the customer to call again. Further, employees operate as
a team that shares the work responsibility; an employee can seek support from
a more skilled colleague to solve a customer problem while on phone. Obviously,
employees working in this environment have a feeling of belonging and owner-
ship of the workplace, they have the freedom to make decisions to provide a high



Lean Manufacturing in Public Services: Prospects for Value Creation 53

Table 1. Mean and Standard Deviation for Affective Commitment Questionnaire

Item No. Min. Max. Mean Std.
deviation

Q1: I am willing to put great deal of
effort beyond that normally expected to
this company be successful.

18 3.00 5.00 4.0588 .8726

Q2: I talk up this company to my
friends as a great organization to work
for.

18 2.00 5.00 3.8125 1.0740

Q3: I would accept almost any type of
job assignment in order to keep
working for this company.

18 1.00 4.00 2.9375 1.0289

Q4: I find that my values and this
company’s Values are very similar.

18 2.00 5.00 3.8125 1.0178

Q5: I am proud to tell others that I am
part of this company.

18 2.00 5.00 3.8750 1.1143

Q6: This company really inspires the
best in me in the way of job
Performance.

18 1.00 4.00 3.6250 1.0416

Q7: I am extremely glad I chose this
company to work for over others I was
considering at the time I joined.

18 2.00 5.00 4.0000 1.0226

Q8: I really care about the fate of this
company.

18 3.00 5.00 4.2500 0.7859

Q9: For me, this is the best of all
companies for which to work

18 2.00 5.00 3.5625 1.0431

Overall mean
Internal Reliability (coefficient α)

3.77
0.94

quality service at relatively shorter time, and they enjoy the open channels of
communication between themselves as well as other departments. When link-
ing these job characteristics and environment offerings for employees with the
antecedents of affective commitment discussed earlier, an expectation of high af-
fective commitment level among employees can be concluded. The 9-item OCQ
provided a value of 3.77 for the affective commitment level among employees
that indeed proved the value-added to front-line employees life in the help desk
in terms of work experience and personal achievements. The results achieved
from interviews have indicated that lean manufacturing principles has provided
clarity on the system due to the continuous demand analysis performed, this
helped managers to identify potential problems in the services offered and thus
the immediate corrective measures to be taken. Lean manufacturing principles
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Fig. 1. Affective commitment of help desk staff

were found to eliminate the waste in operations that helped managers to achieve
automatic productivity and capacity improvements. Customers do not need to
call again which allowed employees to handle more demands in an efficient way
without cut in service, and eventually reduce resources consumption and overall
costs. Further, the creation of a committed front-line employees in the help desk
has significantly resulted in reducing the burden of managing people behaviour
in the help desk as the general moral system of the workplace controls the human
resources behaviour and not the traditional top-down hierarchy. Apparently, the
affective commitment of employees accompanied with system waste elimination
created a difference for the customer experience and added-value to the ser-
vice encounter, no unproductive processes are used anymore and employees are
willing to exert more effort on behalf of their organization to deliver excellent
service.

Employees can provide a fast service even though the customers may be misun-
derstood and their information incorrectly entered [38]. Thus, business resources
can be lost due to poor service delivery. Interviews with managers have identi-
fied that lean manufacturing principles have provided workplace with a relaxed
environment without the need to stick to a pre-specified time allowance, this
inevitably helped improve solution delivery processes, prevented calls repetition,
and eventually allowed for resources savings. Another significant dimension of in-
terest is the departmental integration. Open channels of communication between
the ICT help desk and other departments affected by its work were established.
Formal and informal communication at managers level allowed for significant
information sharing. Further, lean manufacturing principles made it possible for
management to identify the opportunities for making cost savings and perfor-
mance improvements in the short and medium term, both from a corporate and
service perspective. The waste elimination element of the system was viewed as
a resources saving activity that used to be a major cause for capacity reduction.
In addition, lean manufacturing allowed the ICT help desk to do more with less,
fewer people are required to do more job, an opportunity has aroused to remove
some agency workers and save money.
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7 Conclusion

The fundamental objective of this research has been to investigate the impact of
lean manufacturing principles utilization in public sector service departments for
potential added value to employees’ workplace. In this context, lean manufactur-
ing principles is based on designing service operation systems around customer
demand instead of in functional hierarchies. Managers in public services are re-
alizing the need to employ more innovative interventions to achieve financial
savings and better performance. As a result a shift has been noticed recently
in management thinking in public services to adopt systems engineering mod-
els utilized in manufacturing sector. This has occurred due to the economical
and governmental pressures exerted on councils and public services to generate
substantial cost reductions and efficiency savings.

The evidence from this research indicates that the utilization of lean manufac-
turing systems in the public service departments has a strong relationship with
the level of affective commitment among front-line employees. It is concluded
that the ability of front-line employees to control the work and be involved in
decision making processes is a key factor for adding value to service departments
and their employees.
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Abstract. Service science has attracted the attention of researchers from differ-
ent disciplines and has become an increasing important issue. As service sci-
ence was proposed to integrate people, management and technologies, the  
self-service innovation, such as electronic government (e-Government) ser-
vices, have shown its unique implication in this field. To explore the determi-
nants of continuance intention towards self-service innovation, this study  
utilizes psychological approaches, revealing how users’ innovative style and in-
volvement level may influence their continuance intentions towards innovative 
e-Government service. Based on psychological and marketing theories, this 
study proposed research propositions and provide useful insights for practical 
implications in terms of enhancing the execution performance via integrating 
the psychological approach into the pilot implementation strategy for self-
service innovation. 

Keywords: Service Sciences, Self-Service, Continuance intention. 

1   Introduction 

Service science is an emerging discipline that integrates the ongoing issues in different 
fields such as computer science, operations research, business strategy, management, 
and cognitive in the effort to develop the techniques requested for a service-dominated 
economy [27, 30]. Its multidisciplinary nature makes it extremely difficult to define 
what this discipline should look like [19]. A conceptual framework for service science 
building on market exchange processes is thus essential [23]. By revealing how people 
interact, innovate, evolve and learn the service systems, the service science has drawn 
upon and brought together the wisdom of marketing science in a way that is challeng-
ing and potentially transforming information communication technologies deliberation 
and practice. 

The explosive expansion of self-service applications and Web-based services, for 
example, e-Government services, is a good instance showing such service innovations 
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demands the presence of a user participating in the service manufacturing and deliv-
ery process [30]. As citizens and business are considered as the co-producers and 
participants in these processes, the government must have a profound understanding 
of their actual needs so as to (1) understand the value of creating a collaborative proc-
ess between government and citizens/business and (2) bridge the front stage and back 
stage in innovative service design and implementation.  

Indeed, e-Government innovation service was regarded to have transformed gov-
ernments’ capability to serve their citizens and businesses [4]. This phenomenon has 
been defined in a variety of ways. Means and Schneider [24] focused on the inter-
relationship and defined e-Government as “the relationships between governments, 
their customers (businesses, other governments, and citizens), and their suppliers by 
the use of electronic means”. Brown and Brudney [8] highlighted the efficiency as-
pect and defined e-Government as the use of technology, especially Web-based appli-
cations, to enhance access to and efficiently deliver government information and 
services. These definitions were consistent to Spohrer et al.’s [34] proposition which 
asserted that the service system is a “value-coproduction configuration of people, 
technology, other internal and external service systems, and shared information”. 
From the government perspective, e-Government is believed to be a cost-efficient 
channel that can enhance efficiency, improve effectiveness and reduce bureaucracy in 
government affairs [29]. Further, it will improve citizens/business interaction with 
government by empowering them to deal with government online at anytime while 
saving the hours spent in the paperwork, traveling to a government office, and waiting 
in line [31]. As such, building a successful e-Government has become a priority for 
governors’ major administrative plans worldwide. 

This study was designed to provide a psychological view that differs from existing 
self-service studies, which have mainly used perceptual approaches (e.g. perceived 
usefulness and perceived ease of use). It aims to reveal how self-service users’ inno-
vative style and involvement level may influence their continuance intentions towards 
innovative self service, i.e. e-Government service. Findings will help governors and 
researchers in designing practical e-Government implementation strategies. 

2   Literature Review  

Building e-Government (electronic government) has become an important global 
trend nowadays. American Society for Public Administration [1] defined e-
Government as utilizing the Internet and the World-Wide-Web for delivering gov-
ernment information and services to business and citizens. Seeing the Internet as a 
cost-efficient channel for delivering self-services to the citizens [29], many govern-
ments in both developed and developing countries have committed billions of dollars 
to various e-Government initiatives. From the government perspective, e-Government 
is believed to be a cost-efficient channel that can enhance efficiency, improve effec-
tiveness and reduce bureaucracy in government affairs [29]. Further, it will improve 
business/citizen interaction with government by empowering them to deal with gov-
ernment online at anytime while saving the hours spent in the paperwork, traveling to 
a government office, and waiting in line [31]. As such, building a successful e-
Government self-service has become a priority for governors’ major administrative 
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plans worldwide. In fact, Gartner Group [16] has reported that government spending 
on the Internet and related network technologies had gone up to US$ 6.2 billion by 
2005 from US$1.5 billion in 1999. However, despite all the hype revolving around e-
Government, it has been argued that its promised benefits may continue to be an elu-
sive dream in many cases. 

Studies conducted in various countries, such as Switzerland [5], Canada [11], Aus-
tralia [2] and the Netherlands [7], have reported that governmental agencies still face 
a high volume of contacts via traditional service channels, i.e. telephone and face-to-
face. In other words, citizens apparently do not perceive the e-Government to be more 
convenient or useful than traditional channels. They thus prefer to request services 
either in person or via the telephone. 

Such findings may reflect the fact that e-Government development has mainly 
been explored from a supply-side perspective, whilst the demand side, i.e. from the 
user’s perspective, remains relatively unexplored [31]. Most existing e-Government 
literature is also being argued to be too theoretical in nature [10]. As service science is 
proposed to integrate people, management and technology, lacking the knowledge 
about how user will respond to an innovative self-service means losing the connection 
to one core component. 

Having such a deficiency of knowledge, it is understandable that many countries 
have experienced difficulty in attaining any significant degree of success in their e-
Government implementation because they do not understand users and their behaviors 
in the cyberspace. To resolve this problem, governments should recognize that even 
the best e-Government infrastructure cannot guarantee widespread adoption and us-
age; any e-Government initiative must therefore include the promotion of innovative 
services in its implementation. After all, the expected gains in efficiency, effective-
ness or productivity of the e-Government technology cannot be realized if individual 
users do not accept these innovative services to fulfill their task needs in the first 
place [6]. 

2.1   Innovativeness 

Innovativeness is “consumption of newness,” a tendency to buy new products more 
often and more quickly than other people within the same market [25]. Individuals 
that are most likely to buy a new product after it is introduced into the marketplace 
are innovators [33] or market initiators [12]. In the adaption-innovation theory, Kirton 
[21] proposed that individuals characteristically exhibit one of two distinct cognitive 
styles of problem solving and decision-making: innovators or adaptors. Whilst ex-
treme “innovators” tend to redefine and reconstitute both the problem and the context 
of its origin, extreme “adaptors” confine their problem-solving actions only within the 
frame of reference in which the problem is perceived to have arisen.  Cognitive style 
is closely related to personality, whether it is conceptualized principally in terms of an 
underlying intrapersonal determinant of behavior or in terms of the regularity and 
consistency of behavior itself [13]. Clark and Goldsmith [9] asserted that determining 
the personality characteristics that influence innovators to purchase a new product 
early in the product life cycle is essential for the success of innovations.  

Identifying innovators in service science fields is important because first, they are 
an important sales source for any business, as they use the product more frequently 
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than other customers do [18]. Second, innovators are good sources of information 
regarding crucial insights into how customers view the new product, its positioning, 
features and other key marketing aspects [17]. Third, they are often heavily involved 
in the product field. That is, innovators find products, such as innovative self-services, 
that mean something special or important to them. Thus, if innovators like innovative 
self-services, they are more likely to spread favorable word-of-mouth about it, making 
it known to other users who are less involved with the innovative self-service. Less-
involved citizens, while they may be less interested in innovative self-services, may 
seek the opinions of the innovators before they make a decision as to whether to adopt 
to innovative self-services or not. As such, understanding users’ innovativeness level 
is essential to the successful implementation of innovative self-services. 

2.2   Involvement 

Involvement has played a significant role in behavior theories [36] and its impact on 
customers’ responses to advertising, products, purchase decisions, brands and even 
technology has been widely discussed [22]. Involvement is the interest an individual 
finds in a product class: that is, the individual’s perception of whether the product 
class meets his/her important values or goals [26]. Individuals with higher product 
involvement are likely to seek more information about brands and products [3], use 
more criteria when making a purchase decision, and form attitudes toward the product 
which are more resistant to change [28]. 

Personal involvement has been widely used to explain customer behaviors in inter-
acting with new services in the e-marketplace, such as how personal involvement 
positively influences customers’ Website purchase frequency [35] and how they re-
spond to avatars and sales agents [20]. To a great extent, the adoption of innovative 
self-services is a type of customer behavior: users act as customers and the innovative 
self-service is the product. As such, involvement may provide good explanations of 
users’ perceptions and behaviors toward an innovative self-service.  

3   Research Propositions  

Foxall [12] argued that individuals’ choice is shaped by their innovativeness level [21] 
and involvement level [37]. Upon the interaction of these two psychological constructs, 
customers’ purchase decision making can be categorized into four different types: com-
plex buying, dissonance buying, habitual buying and variety seeking [13]. To confirm 
this proposition, Foxall has designed and conducted a series of studies to reveal the 
diversity of customers’ adaptive-innovative personalities and their subsequent purchase 
frequency of health food/financial products, or their frequency of use of information 
technologies. For example, Foxall and Bhate [15] reported that both innovative cogni-
tive style and a high level of personal involvement with computing are significantly 
related to the number of home computer software packages used by individuals. In 
another study, Foxall and Bhate [14] indicated that compared to less-involved innova-
tors (high innovativeness), more-involved adaptors (low innovativeness) have  
significantly higher overall computer usage, frequency of computer use and number of 
software packages used. Further, these factors were also reported to be significantly 
higher among more-involved innovators than among less-involved innovators. 
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Exploring customers’ decisions to adopt Internet purchase methods with a sample 
of 1,044 members randomly selected from a top international branding Website, 
Wang et al. [35] revealed that customers’ underlying differences in innovativeness 
levels and involvement levels were associated with significant differences in their 
Website purchase frequency: more-involved adaptors were found to have the highest 
purchase frequency, followed by more-involved innovators, less-involved innovators, 
and less-involved adaptors. Further, customers’ underlying differences in innovative-
ness levels and involvement levels were also associated with significant differences in 
their decision-making processes: different predictors were found to explain each seg-
ment’s Website loyalty behavior. Foxall’s [13] proposal of how these four segments 
differ in terms of their problem-solving and decision-making processes according to 
their style/involvement was empirically verified.  

Building on the discussions above, this study argues that: To serve citizens, the 
government will promote the advantages of innovative e-Government self-services to 
citizens so as to facilitate their awareness and interests in using these services. In the 
long run, the contents and promotion strategies of e-Government self-services may 
stimulate different levels of continuance intentions toward e-Government self-
services, resulting from differences in users’ underlying innovativeness levels and 
involvement levels. Based on the previous research discussed above, this study pro-
poses that: 

• Proposition 1: There are positive relationship between users’ involvement level and 
their innovative e-Government self-service usage frequency. 

• Proposition 2: There are positive relationship between users’ innovativeness level 
and their innovative e-Government self-service usage frequency. 

• Proposition 3: Less-involved adaptors, less-involved innovators, more involved 
adaptors, and more-involved innovators differ in their continuance intention toward 
innovative e-Government self-services.  More-involved adaptors have the highest 
level of continuance frequency toward innovative e-Government self-service. 

4   Research Contribution  

This study aims to reveal that: (1) whether those who initiate innovative e-
Government self-service use earlier, i.e. innovators, or those who have reported 
higher involvement in the innovative e-Government self-service show a higher con-
tinuance intention toward this service: that is, who are the true supporters of innova-
tive e-Government self-services in the long run. (2) whether users’ psychological 
traits of innovativeness and involvement significantly shape their decisions toward 
innovative e-Government self-service usage: that is, whether the four segments differ 
significantly in their continuance intention toward innovative self-services.  

In sum, the theoretical contribution of this paper is two-fold. First, it verifies and 
advances past studies in term of the profiles of innovators [32], Foxall’s [12] proposi-
tion of the relationship between individual’s cognitive style/involvement and their 
behavior, and Wang et al.’s [35] empirical results in a new and different service sci-
ence context. Second, it proposed research propositions to explore users’ behavior 
with a robust theoretical basis. As such, it not only expands the discipline of service 
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science from a psychological perspective, but also provides fruitful and practical 
issues for governors and researchers. 

As regards the managerial implications, this study may contribute to the initial op-
eration of new innovative self-services, which has long been regarded as a difficult 
task. By showing that some users are more likely to accept the new innovative self-
services faster and use these services more frequently than others, this study’s findings 
can be well integrated into and enhance the effectiveness of the pilot implementation 
strategy, which has been recognized as one of the most useful implementation strate-
gies in the realm of innovative e-Government self-service. 
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Abstract. ITC based information services are widely used for providing

or accessing information on a daily basis. In exceptional or emergency

situations relevant information could be sent to citizens in order to elicit

improved responses. There are examples of using mobile devices to reach

users, e.g., in some countries, citizens have received text messages with

relevant information about H1N1, such as a list of the main symptoms

and a telephone number to call in case of emergency.

This paper proposes the Contemplate initial extension to the engineer-

ing CDIO process (conceive, design, implement and operate) and stresses

out its iterative nature as a framework suitable for new service design,

in our case for emergency or exceptional information services. Although

the proposal is applicable in general, this paper uses examples from public

transport in urban areas. Road works, congestion, and accidents are exam-

ples of undesirable influences on public transportation. Technologies such

as GPS, mobile communication devices, databases, data mining and other

approaches for profiling user activities with careful individual and social

considerations could be used to improve the quality of service and quality

of life in cities.

Keywords: Service science, service development framework, transporta-

tion, exceptional information services.

1 Introduction

Service Science, Management, and Engineering (SSME) has been proposed as a
new study field required to face the challenges of the increased predominance
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of services in the world economy. According to [7] ”there is a need for a new
science of service systems, which aims to increase service innovation by applying
scientific understanding, engineering discipline, and management practices to
designing, improving, and scaling service systems”.

There has been a wide range of research in SSME, in particular changing the
focus of existing work from product to service. This shift is particularly visible
in the marketing area, where the work of Lusch and Vargo (see for instance [6])
has been contributing to establish a service-dominant logic with concepts at the
core of service science.

This paper acknowledges these efforts and proposes to apply the well known
engineering process, based on CDIO (conceive, design, implement and operate,
www.cdio.org), to the development of services. Given the experience of one of
the authors in several projects in the public transport area, this work relies on
examples of information services under exceptional situations related to trans-
port. This seemed to us to be an area where new technologies that are being
deployed could enable innovative services to be defined under demanding re-
quirements. This paper can therefore be seen as a contribution towards bringing
an engineering framework into the SSME field of study.

1.1 Context

Urban life is characterized by movements of people that follow daily, weekly
and yearly patterns. When something goes wrong or when the situation does
not follow the usual patterns it is usually difficult for people to know what is
happening. Current technologies could help to overcome both the information
gap and to provide useful alternatives in case they exist.

For instance, suppose you are in a train, metro or a bus and it stops for a few
minutes or more time. Or suppose you are waiting for a bus, but there was an
accident that will make it arrive over half an hour late at your bus stop. But
other exceptional occurrences may involve special gatherings of people, say for
a large concert, sport event, or political gathering.

Existing information and communication technologies can be used to identify
relevant users in need of information and provide them with useful information.
In some cases guidance can also be provided. For instance, in the case when a
train breaks down, or there is a strike, affected users could receive information
on alternative transport. To be acceptable to receive unusual information, some
aspects must be taken into consideration. Some people may like to receive infor-
mation, but others may see that as an intrusion. Therefore some careful steps
must be taken in order to assure that such emergency information services are
acceptable. If we could guarantee that information provided was always 100%
accurate it would be simple to make such services available. But it is usually the
case that does not happen.

Exceptional or emergency situations could be defined as situations that are
not planned and that no forecasting system could determine accurately the place
or time when they would occur. Depending on the type of situation, more precise
definitions could be provided. For instance, in transportation, there are planned
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timetables, and there is a known distribution of variability. But no forecasting
system can predict major accidents. Therefore, it could be defined that excep-
tional or emergency situations involve situations where users’ plans would be
affected over a certain time for instance, over thirty minutes.

The examples used in this work will assume such situations.

1.2 Relevant Technologies

There are three levels of technology involved in information services for excep-
tional situations:

– The delivery technology (e.g., mobile devices and networks);
– The technology to identify relevant information (e.g., GPS systems in buses

and transit supervision systems that detect that a particular bus will be very
likely to be 30 minutes late due to congestion or accident); and

– The technology to match information to users in relevant areas (e.g., data
bases/data mining to determine that a particular group of users is likely to
need such information in a particular area and time).

Although we could think of many technologies to be used for supporting public
information services in exceptional situations, the most likely candidates will
need to be available in such exceptional situations. Mobile devices and underlying
systems, such as communication networks, will be the most interesting ones to
consider. Framework services could be text messaging or mobile Internet. Large
visible displays available in public places, including the TV networks or cable TV,
or public speaker systems, including radio networks, could also be used. A mix
of such channels or interfaces would be even more effective in many situations,
although in many cases only one would be available or would reach the user or
customer.

When inexpensive and widespread mobile devices with GPS and permanent
Internet are available, information services may offer even more support in ex-
ceptional situations. Although it is already possible to identify the position of a
cellular phone using cellular triangulation, telecommunication companies do not
usually let that information be available except in emergency situations.

However widespread mobile devices are, we need also to find the appropriate
information for each situation and for each user. In order to achieve this goal we
can start both with data that characterizes users’ patterns and relevant data to
help them in those exceptional situations.

For instance, transport users have usually to validate their transport card,
either when entering the transport system and/or when leaving it, leaving behind
a rich history of transport behavior. In case of unusual events, for instance
involving heavy delays in a particular route, users that are likely to be involved
could be sent relevant information for other transport options. Section 2 and 3
will provide further details on this example.

An alternative to finding patterns in users’ data would be to have the user
cooperation. With appropriate information and publicity, some users could pro-
vide relevant information or demand information services. It could be thought
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of that a user may register to get relevant information on a particular route and
wishes to receive updates on changes to that route, either planned in advance,
or exceptional. Users could receive such information over the Internet, trough
email, social networks (e.g.: Twitter, Facebook, Hi5), or messages in the mobile
phones. A possibility would involve that each user could define a set of possi-
bilities having to do with the channels to be used, and perhaps the timing and
place (if the location of the user could be determined based on the position of
the registered mobile device). But such registration process may be difficult to
master for the large majority of people and even more difficult for irregular users.
Unsolicited exceptional information must then be relevant and accurate, and of
course it would be important that users may provide feedback, to improve the
services or to make sure that they are removed from the service if they so wish.

Applying sound service science principles to the study of people, technology,
and systems will be essential to select the appropriate technologies, develop
the relevant services, always having in mind the needs of the users, both as
individuals and as a social group with habits, rules, and laws. To develop the
relevant services, an engineering discipline will be required and we propose to
base this on the CDIO, conceive, design, implement and operate, process.

1.3 Main Foundations for the Proposed Framework: SSME and
CDIO

The framework described in this paper is based on service science foundations,
in particular SSME – Service Science Engineering and Management, as proposed
by [9], and Service-Dominant Logic, as proposed by [6]. Moreover, it follows the
engineering process approach that is currently used in many engineering schools
as a basic reference, the CDIOTMinitiative (www.cdio.org).

According to [9], a service system is a ”value–coproduction configuration of
people, technology, other internal and external service systems, and shared in-
formation (such as language, processes, metrics, prices, policies, and laws).”

According to [6] ”Advancing service science requires a service-centered con-
ceptual foundation [. . .]. The primary tenets of service-dominant logic are: (1)
the conceptualization of service as a process, rather than a unit of output; (2)
a focus on dynamic resources, such as knowledge and skills, rather than static
resources, such as natural resources; and (3) an understanding of value as a col-
laborative process between providers and customers, rather than what producers
create and subsequently deliver to customers.”

The CDIOTMinitiative is ”an innovative educational framework for producing
the next generation of engineers. It provides students with an education stressing
engineering fundamentals set in the context of Conceiving – Designing – Imple-
menting – Operating real–world systems and products. The CDIOTMInitiative
was developed with input from academics, industry, engineers and students. It
is universally adaptable for all engineering schools.” (www.cdio.org).

Although the original CDIO is targeted at ”real-world systems and products”,
our work shows that it can also be adapted or applied to service systems, offering
therefore a suitable process for the engineering and management of services,
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taking into consideration the service-centered conceptual foundation: service as
a process, focus on dynamic resources, and value as a collaborative process.

CDIO is a simple, abstract, and multidisciplinary overview of the well known
engineering approach. It related well with specific engineering process models
and frameworks, such as the software process. The conceive stage includes re-
quirements elicitation and systems specification, design includes architecture def-
inition, implementation includes testing and deployment, and operation includes
maintenance.

This paper proposes an improvement on CDIO, adding a Contemplate stage.
Such stage is also considered under a service-dominant logic, keeping in mind
that one is interested in contemplating the service system.

1.4 Relevant Aspects of Information Services on Exceptional
Situations

Information services that may be used by a large number of people in excep-
tional situations must therefore be providing relevant value for the users in such
exceptional situations. Such services have to rely on:

– knowledge from users’ habits;
– use normal users’ language;
– obey to regulations and local law;
– focus on very dynamic situations; and
– involve an ever improving collaborative process between providers and

customers.

This is required to make sure that the service will adapt to the evolution of
users’ needs.

Moreover, a very sound business model must be underlying the services, from
the beginning of the process.

As usual, testing ideas and concrete proposals, in all steps of the CDIO pro-
cess, will be fundamental for developing relevant information services on excep-
tional situations. If exceptional situations are also critical, a good understanding
of the risks involved in providing inaccurate information is also very important.
For this purpose, users associations, relevant social groups and legal experts may
need to be involved in the process. As will be seen in the next section the Con-
template extension to the CDIO process attempts to improve and focus on one
of the stages. The stress on the iterative nature of the process is denoted by a
loop, which is followed continuously and possibly many times during the whole
service design process.

1.5 Organization of the Paper

In section 2 we present the proposed framework for public information service
development, as an extension to CDIO, and in section 3 we introduce some
examples of information services that may be used under exceptional situations
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involving public transport. Section 4 highlights some relevant conclusions that
we have learned from thinking about the development process for such services,
and indicates areas that will need further research in order to improve the overall
framework.

2 The CCDIO Loop

In this section we propose an extension of the CDIO framework, the CCDIO
loop - Contemplate–Conceive–Design–Implement–Operate (see Fig. 1). The in-
dividual stages will be discussed later in following subsections, but first we refer
to various categories of new services. The CCDIO loop: it is a loop because after
the 0 stage is reached, there is a new contemplate stage. In fact, contemplate
can start after any CCDIO stage.

According to [1], there are several categories of new services. There are three
categories dealing with already existing and stable services for a given provider.
There are services so called cost reductions, which are basically already existing
services or very similar to existing services offered at a lower price. A usage of
existing services in different market segments or whole new markets is a category
of repositioning services. Services that bring improvements in performance to
current services and as such replace current services are seen as improved services
(or revisions to existing services).

Another three categories focus on brand new services. A category of services
which are new to the world represent such services which are seen by the cus-
tomer as new and/or surprising. Often these services are a great challenge for
the service provider. New service lines represent a category of services which are
new for the provider, but customers/users can have a chance to experience them
thanks to the offering of a different provider, often in the same space (e.g. locality
or cyberspace). And there are of course additions to existing service lines.

One of the advantages of the CCDIO loop is that it covers all these categories
and supports the overall process of new service development. It is possible to
enter the loop at two stages, either in the contemplate–conceive sub-loop or
within the operate loop. Depending on the entrance point, following the CCDIO
loop is then more suitable for a brand new services or for improvements of already
existing ones respectively. The objective of the framework is to make sure that
all steps are followed when contemplating, conceiving, designing, implementing
and operating information service systems. User validation and system testing
are essential parts of this framework. Social validation is also required.

The CCDIO loop describes the process of a new public information service
development with a five step iterative framework. The main steps are as follows:
Contemplate–Conceive–Design–Implement–Operate.

Before we will describe every step in more detail in the following subsections,
we would like to comment the framework as a whole. First, we would like to
talk about the loop. It is important that the new service development follows a
spiral loop, which leads to an improvement or even a complete new offering. The
contemplating and conceiving phase are followed by designing a service leading
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Fig. 1. CCDIO Framework for new public information service development

to a sound proposal. Collection of the feedback in some form is necessary for
us to be able to contemplate and conceive again. Following the CCDIO loop
again, we would go through redefining the initial ideas and possibly move to a
service prototype with its testing and validation. Feedback will take us again to
the phase of contemplating and conceiving. At this point, dependently on the
success of previous loops and phases within the loops, the provider might be
ready to implement the service and launch it.

To develop a new service, we need a sequence of steps, which need to be fol-
lowed in a given order. For example, it does not make much sense to validate
non–existing services or to prototype services without knowing and understand-
ing the subject matter.

While designing a new service, it is very likely that we will have to handle
vague information and learn new things on the way. Customers, who have to
be involved into the service creation, can agree on the fact, that ”something is
missing” or ”something could be done better”, but sometimes to realize what is
the good solution can require to go through the loop more than once.

The framework contains two sub-loops. One is the loop between contemplating
and conceiving. Contemplating is more a passive activity of mapping the domain,
while conceiving is more about active combination of possibilities and finding
out interesting perspectives, helpful to the (potential) users of the service. These
two phases are continuously switching until the provider believes it is time to
come up with a solid design. A second sub-loop is at the stage of operating.

The framework serves as a simple conceptual lead not to omit some important
issues. The proposed steps themselves are not surprising at all, but their usage
according to the rules and the focus on the user had proved the usability of this
framework and an example will be discussed further on.
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In the following subsections we will describe the individual steps in more
detail.

2.1 Contemplate

As Fig. 1 shows, this step is about searching around and looking for new or
interesting incentives. This step is also about simple mapping of a situation. It
gives us the overall picture of a domain, but also we should be aware of some
important details.

When we are contemplating the landscape for a new public service (or an
actual service improvement), we are trying to understand what is the particular
domain about and what is possibly missing there. The questions which have to
be asked are:

– What is the domain about? What is important the domain for the users
(public)? What can bring the service/information closer to the user? How is
the public served in exceptional situations?

– What are the boarders of the search? How far/deep we intend to go?
– What channels are used? Which channels are suitable for the users to spread

the information according to given situation? ([8])
– What is missing? Is everything as we would expect when using the public

service? Is it understandable?

To pass this phase successfully, we recommend using common practices and
techniques of ethnographic research to collect data. We mention here an Internet
or library search and interviews and/or questionnaires as the simplest ways of
data collection. Social networks can be used as well to ask around friends or
business partners to share their views. Another way of gaining the information
and insights is use of crowdsourcing as it was used by IBM online jam session
of university students on April, 2009, who were discussing the matters of the
Smarter Planet ([3]).

Moreover, since public transportation is meant to be for the public, to get
data to better understand the end users is the objective of this phase. Examples
of large sources of data for later data mining and pattern searching result from
photo and video recordings (as it was used e.g. in SAS airlines by Doblin Group
(http://doblin.com). These sources are a channel for direct observations in real
situations.

From the side of a mental effort this is activity (conceiving phase) that can be
viewed as a more passive one and serve for orientation and positioning oneself
in the domain.

We started the contemplating phase thinking about the domain of public
transportation in Porto, Portugal, and about how transport information ser-
vices could be improved. There are many providers of transportation but the
overall service and also the service information is very dispersed. According to
Service Aspect Star [5], we analyzed the situation from all seven perspectives -
Who: Agent – What: Outcome – Where : Location – When: Time – How much:
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Evaluation – Why: Rule – How: Process. The focus on every individual aspect
helped us to find out a space for improvements of information services in Porto.
One of the identified points was to handle exceptional situations in public trans-
portation (referring to the aspect of time). During this phase important questions
were identified:

Who: Which agents are going to be involved in exceptional situations?
Where and how: How can we reach them? Which relevant channels regarding

their position can be used? What kind of rules we will use to decide the
relevant channel?

How much: How are we going to build a business model capturing exceptional
situations?

The aspects Why: rules and What: Outcome will be handled later depending on
the answers to previous questions.

2.2 Conceive

The next phase Conceive can be considered as a more active one. It focuses on
active selecting and sorting out the important information. The problem nowa-
days is that there is an information overload in nearly every domain and to select
the right information is a demanding task. There are approaches which could
be used in this phase to build upon the results from the previous contemplating
phase. We would divide them into two sub-phases: a differentiation of patterns
and a new ideas generating [2].

While trying to differentiate patterns, we focus on following questions:

– In the observed domain, are there any behavioral patterns of the agents?
Which are the ones more obvious? Why are the patterns there? Do they
signal positive acceptance of a service or do they express a common failure
of actual service setting?

– Can we abstract from our domain to another one? Is there a domain with
similar rules or patterns (even not related to the observed one)? Did we
witness similar settings in another domain? Do the relationships between
individual elements remind me of another domain?

– Do we have all the information needed or do we have to contemplate a bit
more?

The conceiving phase enable us to have an insight into the domain and help
us to deconstruct the domain elements to understand it more fully. To define
new offerings, the techniques of generating new ideas are used. Except the ones
mentioned in previous section (crowdsourcing, asking around, and other ethno-
graphic techniques), we recommend to employ for instance storyboarding, mind
mapping, brainstorming, or metaphorical thinking.

The information about public transportation in Porto region is fragmentary.
Our analysis fully approved the following statement, in particular from the view



74 P. Hocová and J. Falcão e Cunha

of foreign visitors of the city. There are ”[. . . ] services offered by many differ-
ent companies, as well as across the different functional units within a single
company. These service ”fragments” all add up to an experience that can be
disjoined and exhausting. In addition to the fragmented experience any single
problem along the way tends to be associated with the ”major” service provider,
fairly or unfairly. This is especially so when the service experience is poorly de-
fined, with unclear boundaries of responsibility.” [2]. New services integrating
information of different means of transportation are being identified [4].

2.3 Design

The design process follows the sub-loop of contemplating and conceiving in the
CCDIO loop. Within the designing process we typically set up new settings of
elements and make them visible for other stakeholders of the designing process.
In this phase we create the first proposals and/or prototypes and/or implementa-
tions based on findings from the previous phases. At this stage, the clear picture
of the proposed solution should be finished, even though it will be most likely
changed during the active feedback later on. In Porto, we are in the stage of a
new service proposal. Nevertheless, some important issues were already decided.
The location aspect (of the Service Aspect Star), defining the boundaries of the
system, were set to the Porto metropolitan area. When identifying agents in-
volved in the exceptional situations in public transportation, we identified the
following groups:

a) vehicles (buses, trains and metro trains) - every bus is equipped by GPS
and the information about its location is obtained real time in every few
seconds, trains and metro trains are connected with the stations through
radio to exchange the messages about the location and situation. Also, to
enter the bus or the area of the metro, every user is obligated to swipe an
electronic chip card through the reading device. The same obligation holds
for transfers as well. Therefore, it is possible to follow up a direction of
his/her movement, but not the whole trip, as the validation does not have
to be done when leaving the transportation system;

b) users of public transportation, which are separated into three groups:
i) actual/present users - these are traveling passengers or the ones expect-

ing the arrival of the vehicle in a near future
ii) expected users - these are such passengers, who usually travel at given

time through given location
iii) past users passengers, who used a given means of transportation in given

time in the past

The users/customers are either identified by using the personal electronic chip
card with pre–paid service, or not identified in case of using individual trip
tickets. The service provider here is represented by drivers and other public
transportation personnel.
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The most common exceptional state in the public transportation is a delay
of a vehicle. Such delay can be caused by accident ahead, heavy traffic on the
streets or detours because of street work. The primary need of the user in such
situation is to be informed about what caused the delay. The secondary need is
to be informed about and offered some possible solutions. The needs are forming
the design of the service. The possible location of the user is denoting a group
of information channels.

The situation is pictured on Fig. 2. Let us say, there is an accident on the
road ahead of the bus. The engine/information system, which receives the regular
information about the bus location through the GPS, deduces a major discrep-
ancy between the bus location schedule and the actual location of the bus. The
information system follows the scenario for every user group.

Fig. 2. Scenarios for agents of the system

i) present users - (case B on Fig. 2) two possible channels can be used to pass
the information about the delay, its length and possible alternatives: either
electronic information boards used on relevant stations, or a mobile net-
work. A selection of subset of present users can be done based on behavioral
patterns found in data of identified users;

ii) expected users - (case A on Fig. 2) two possible channels can be used to pass
the information about the delay, its length and possible alternatives: either
a mobile network or the Internet. Through a mobile network, we can reach
the identified users, who are willing to receive such service, and according to
their behavioral patterns are classified as expected users. An example of the
pattern can be that the user, every work day validates her transport card at
a certain bus stop in the critical time period and did not validate it yet.
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The Internet offers also a few reasonable possibilities: the information
will be shown on the home web page of the service provider, but can also
be displayed through social networking platforms. For instance, a Facebook
account of the public transportation company or a Twitter account for in-
forming relations about new status. The relevance and individualization of
the messages might be based on the information about identified users, but
basically, this channel would be devoted more to all users (i.e., the identifi-
cation does not play a role here);

iii) past users - (case C on Fig. 2) two possible channels in this case: a mobile
network and the Internet. In the case of identified user, we would be look-
ing for particular individuals who were traveling in a certain time through
a certain location (for example in case of witness search or other case of
identification of past passengers). The reasons for looking for past users may
be very rare, but the way to reach both, identified and non-identified, users
is analogical to the previous case. Privacy of information must be assured,
and only statistical data may be collected.

The phase of design leads into the activities such is working on a proposal, mod-
eling, prototyping or implementation of service which are under development.
The crucial part of outputs of these activities has to be focused on possible
business models.

2.4 Implement

Once we are clear on the design, i.e. with structure of individual elements and
their relationships, with processes which need to be taken into account in given
domain of proposed service, we are ready to work further on. These activities
lead to proposals in the first stages of the service development and their further
negotiations. In later stages (later, repeated pass through the CCDIO loop),
models or prototypes are done. The last stage is devoted to the implementation
and results in a working service.

The outputs (proposals, models, prototypes, implementations) have to cover
the core needs identified in earlier stages of the development.

In Porto, we are now in the first or second cycle of the CCDIO loop, working
on the sound proposal for the public transport companies based already on
expressed needs and ideas of the (potential) users.

Exceptional situations are not happening very often and for assurance of later
ease of the process, we have to start to think about modeling possibilities of these
situations together with probability models to be able to test them as well later
on. At the beginning, the model will not be very difficult since the agents - users -
can have only very few states: not-traveling, traveling before transfer, and states
referring to every transfer. The states of the vehicles can be at the beginning set
to: at the bus stop, between bus stops, in a depot.

The communication channels were set in previous phases, but the communi-
cation protocol was not discussed yet. In this case, we mean the communication
between the users and provider about their interest of this service. This activity
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is very closely linked to the business model. This service could be offered to
volunteering customers/users, who would be willing to collaborate on improve-
ments of initial versions. Later on, an improved service could perhaps be offered
for a monthly payment. In Porto transportation domain, the hardware support
is already available - GPS in the buses, radio in the trains and metro trains,
SmsBusTM- a real time service handling user requests about transport connec-
tions at particular bus stops and database of the trips of passengers. The new
service could use current technologies in different ways.

2.5 Operate

The operate state covers few more actions, which precede to the final operating
status - it is about the feedback and critical insights on usability and value added
by the service. At this stage the main focus lays on involvement of the customers.
The operation state provides a space for collaboration.

– Is the proposed output (proposal, model, prototype, and implementation)
considered as useful and usable? Is the participation in this service comfort-
able (e.g. does it bother me that I am receiving text messages about road
work once in a while?)

– Are there any new ways (new channels) to provide the service? By using
them, is it possible to increase the ”comfortability” of the service? Which
variants were accepted as the best? Why?

– Do we still work on the satisfaction of the core needs? Do users use the
service in the desired way or do they tend to use it differently? Why? Are
all aspects of the Service Aspect Star covered?

3 Examples of Information Services in Exceptional
Situations for Public Transport

There are many possibilities of information services that could be used when
thinking about the proposed CCDIO framework.

We will describe three information services that could help people in unusual
circumstances or exceptional situations and are therefore not to be used very
often:

1. Information service for travelers that are likely to be affected by heavy trans-
port delays;

2. Information service for people attending large gatherings and would benefit
from public transport to go and leave;

3. Information service for travelers that are likely to be affected by strikes.

All these three services could of course be a unique overall service for exceptional
situations. The range of people that would be potential recipients of the service
may vary, and depending on the type of transport users different strategies may
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need to be followed in order to develop the services. Bringing them together
would be beneficial from the point of view of public awareness.

Information services in exceptional situations could be just providing infor-
mation on what is happening, but it would be more interesting if advice on
alternatives is provided.

Example 2 above already seems to be indicating that alternative information
on transport is provided, but perhaps just providing information on what is
being offered or not offered could be valuable.

3.1 Example 1 - Information Service for Travelers That Are Likely
to be Affected by Heavy Transport Delays

This was the example that has been mentioned in the paper. The service in the
simple form could update targeted travelers about using routes that are suffering
heavy delays due to unusual congestion or accidents.

It would be important to provide the user with advance information on the
delay, but only in cases that such user is planning to use the affected transport
service. Therefore the proposed information service must determine beforehand
the likelihood that each customer will be using the transport service in the time
frame and the area of the disruption. In general a time space boundary must be
calculated and a set of people must be identified as the most likely recipients of
the information service.

As mentioned in a previous section, users may have subscribed the exceptional
information service, but more often automatic systems could be used to identify
relevant users that would appreciate the information. In this later case, data
collected from transport card validation (for instance) could be used to define
user transport patterns. Such patterns could then be cross checked with the
routes under heavy delay. Likely affected users would be sent messages to their
mobile phones with warnings and perhaps alternative options for traveling and
a number to call for help if required.

Occasional travelers, not registered, would be missing warnings as there were
no patterns to be used. The information service could be improved if there were
ways to identify those occasional travelers. For example, tourists that arrived
recently in the area of the service would need an alternative approach. Perhaps
when arriving to the city they are visiting they may be sent a message proposing a
set of exceptional information services, including transport. Telecommunication
companies are used to send text messages with information on tariffs for roaming
customers or help line numbers. Tourists might be asked to register at the tourist
information office for such services, when and if they buy a travel card. In order
for the information to reach the mobile device, there is the need to associate
a mobile phone with a travel card. Perhaps then recent card owners could be
targeted with an initial exceptional message with details of transport information
services.

This also raises the issue of language: information messages must be sent to
users in their own language, or in a language that they understand.
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3.2 Example 2 - Information Services for People Attending Large
Gatherings

Using public transport is usually desirable from an environmental point of view.
Events that attract very large numbers of people usually benefit from exceptional
public transport offers that many people could use (instead of private/individual
transport) if more information was available.

As with the previous example a mixture of previous registration and pattern
mining could be used for spreading the service. In this case buying the ticket
could be associated with registering for the service. With more advanced tech-
nologies, guidance could be provided at the event for the return transport avail-
ability, location and timetable. Cooperation from the organizers of the events
and from the media that is publicizing it would also be highly desirable.

This information service could also involve in some degree example 1 as in
those events traffic congestion would be likely.

3.3 Example 3 - Information Services on Strikes Affecting Large
Number of Travelers

Transport related strikes are usually rare, but have a big impact on people
moving through the system. Strikes in one mode of transport usually affect
the other modes. For instance, a taxi strike will force a tourist arriving to the
destination to use the public transport system, and vice versa.

The effectiveness of the information system would depend on how information
is shared between the different players. For instance, arriving passengers to a
particular airport could be warned beforehand of a strike in a particular mode
of transport and receive specific information on where to find alternatives.

Strikes on public transport may be partial and then it would be important
for customers to receive both update information on expected timetables or
alternatives taking into consideration the available transport service.

Once again user registration and pattern mining could be used to define service
targets in many situations.

3.4 Advances in Technologies and Social Perception

Advances in technologies, and changes in individual and social perception of its
possibilities are critical for deploying these proposed information services. For
instance it is possible with current technology to know the likely position of
people using mobile devices, or making payments with electronic cards. With
the expansion of mobile devices with GPS the accuracy will increase. However
it is not acceptable that this information is used by the benefit of others, and
therefore the access to such information is restricted to very few cases, usually
having to do with emergency situations, e.g., determining the origin of calls to
emergency numbers (112 in most of Europe, or 999 in the USA). Customers
sometimes allow location to be used in some experimental projects.

Perhaps with high quality exceptional information services it would be possi-
ble to use such information for the benefit of the user.
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4 Conclusions

The proposal presented in this paper resulted from conceptual work of applying
the principles of service science, management, and engineering (SSME) when
thinking about developing exceptional information services in public transport.

The focus of the proposal was in the engineering process, with the CCDIO
framework: contemplate, conceive, design, implement and operate. CDIO is usu-
ally applied to product engineering, but this paper argues that it can also be
applied to new service engineering.

The proposed framework needs to be validated with real service development,
and we believe that the examples provided could be used for such validation.
Applied research on user needs, user feedback and social acceptance seem to be
important in early phases of a project involving exceptional information services.

In a concrete project, management aspects are also naturally relevant and
an important issue to be considered would be business modeling for the ser-
vices under study. These issues would need to be covered in all steps of the
CCDIO process, and would be critically important for a sustainable service. A
sound engineering service development process should also take into account
those matters.

The proposed CCDIO approach is targeted at real-world service systems,
instead of ”real-world systems and products” as the original CDIO. Given that
a service system is a ”value-coproduction configuration of people, technology,
other internal and external service systems, and shared information”, it is a
more complex system that traditional ”real-world systems or products” that
engineering targets. Therefore the proposed contemplate stage is addressing this
”value-coproduction configuration”, and therefore our CCDIO approach aligns
well with SSME.
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Abstract. This paper examines the strategic management of service innovation 
capabilities within a Luxemburgish Research and Technology Organization 
(RTO). The authors propose to study the organizational design of this RTO 
through the lens of a conceptual model built on both literature and empirical-
based relationships between new service development (NSD) and the manage-
ment of resources and competencies mobilized by innovation capabilities. We 
highlight three key managerial functions for the design of an innovative organi-
zation able to propose new sustainable services. This research emphasizes the 
importance of the management of a service portfolio in order to ensure the co-
herence between NSD processes, markets and the resource base. 

Keywords: New Service Development, Service Innovation, Service Portfolio, 
Research and Technology Organization. 

1   Introduction 

The rise of the Service Economy emphasizes the needs of designing new organiza-
tional forms and models that may support service innovation. From this perspective, 
with increased competition, accelerated changes of markets’ needs and technology 
evolution, organizations have to generate continually new services [1; 2; 3]. Organiza-
tional capabilities to succeed in generating new services are seen as a vector of com-
petitiveness, and research on New Service Development (NSD) as already shown 
positive relations with performance [4]. However, many service firms fail to identify 
and measure NSD processes they do have [3]. 

In this paper, we focus our attention on NSD processes issues within Research and 
Technology Organizations (RTO), in which innovation capabilities represent core 
competencies and are source of business, insofar as the main output of such organiza-
tions is a service innovation. From this perspective, we propose here an exploratory 
study of the articulation of the NSD process, the development of services innovation 
capabilities and resources, and the management of the services portfolio coherence. In 
order to do so, we define in this paper a service innovation management organiza-
tional structure dedicated to RTO as well as some related observed practices that may 
contribute to its effectiveness, taken from a study of a Luxemburgish RTO. 
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2   Service Innovation Management Model 

2.1   New Service Development Processes 

Research on NSD models has begun by investigating principal new product develop-
ment (NPD) models. These one were proposed in a linear and sequential perspective 
[5; 2]. But, as Stevens and Dimitriadis [6] have noticed, the validity of NPD models 
in the context of services remains to be demonstrated. Further to these works, some 
non-linear NSD frameworks were designed, with the hope to provide new fruitful 
insights by emphasizing interdependence on design and development in NSD as well 
as its cyclical aspects [7]. We propose here to follow up research carried by Froehle 
and Roth [7] on the non sequential and resource-based conception of NSD. 

The NSD process has been analytically dissected and modeled by numerous re-
searchers, from Shostack [8], who developed one of the earliest notable linear NSD 
models by deconstructing the process into ten discrete stages, to Johnson, Menor, 
Roth and Chase [9] who have synthesized previous NSD process research and have 
created a general four-stage NSD model involving the phases of design, analysis, de-
velopment, and full launch. 

However, even if NSD process activities appear as sequential, Froehle and Roth 
have noticed complementary nonlinear frameworks, “hoping to attain different per-
spectives and insights into the development of new services”, but “with few excep-
tions, one important element that has not been thoroughly developed is the resource 
base necessary for, and involved in, new service development” [7, pp.171-172]. 

2.2   NSD through the Resource-Based View Lens 

Scholars agree that the Resource-Based View (RBV) takes its origins in the influen-
tial work of Penrose [10]. RBV basically states that competitive advantage comes 
from the bundle of resources that organizations hold and which have the following 
four attributes: rare, valuable, imperfectly imitable and without equivalent substitutes 
[11]. In other terms, this literature stream argues that differences in profitability 
among firms are related to differences in their resource architecture and the way these 
resources are deployed [10; 11; 12]. According to Gadrey, Gallouj and Weinstein [13] 
and Van Ark, Broersma and Den Hertog [14], performing a service involves setting a 
bundle of capabilities and human, technological, and organizational competencies. In 
the same vein, Froehle, Roth, Chase and Voss [15] insist on the strategic influence of 
appropriate (team-based) organizational structures, the NSD process design and the 
related Information Technology (IT) choices on the speed and effectiveness of NSD. 
From this perspective, we focus our attention on these three literature-based main 
strategic resources on NSD processes: 

1. The Importance of the Human Skills. NSD processes are knowledge-intensive. 
From this perspective, human skills and intellectual resources constitute the firm’s 
human capital [11]. According to Froehle and Roth [7, p. 173]: “these resources in-
clude, but are not limited to, the educational, cultural, and experiential knowledge 
and skills contained within the firm’s employees”. Organizational knowledge 
comes fundamentally from individuals, and the transfer of know-how implies so-
cialization processes, the connection of employees’ daily work experiences with 
opportunities for improvement and innovation [16]. 
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2. The Role of the Organizational Structure. According to Miller [17], the most inno-
vative firms rely on an adaptive, organic organizational structure that foster inten-
sive collaboration as well as open and informal communication systems in order to 
introduce new products. The adoption of a flexible organizational structure devel-
ops cross-functional teamwork benefits and enhances knowledge and competencies 
combination perspectives, i.e. innovation capabilities [18; 19]. Froehle et al. [15] 
suggest that flexible organizational structure benefits comes more from this combi-
nation of knowledge and competencies, by generating a diversity of idea than from 
improved efficiency or reduced development time.  

3. Information Technologies as NSD Enabler. IT plays a critical role for services, and 
has quickly become a crucial element of service firms [20]. As Froehle et al. [15, p. 
6] have pointed out: “Advanced information technologies, such as groupware, 
intranets, and electronic commerce, help organizations direct, organize, and revital-
ize these flows of organizational knowledge, thereby creating better processes and 
better service products”. IT benefits for NSD are twofold: (i) IT can raise organiza-
tional effectiveness in generating information efficiencies [21], by improving the 
initial base of knowledge to draw from when employees engage in problem-
solving and decision-making; (ii) IT can foster collaboration and creativity in cre-
ating boundary-spanning information synergies. As a consequence, IT appears as 
an NSD enabler and speeds up the service development cycle. 

2.3   Innovation Capabilities 

From a resource-based view perspective, innovation capabilities are one of the major 
sources for the generation and the development of competitive advantage. As 
Schreyögg and Kliesch-Eberl [22] have noticed: “…a capability does not represent a 
single resource in the concert of other resources such as financial assets, technology, 
or manpower, but rather a distinctive and superior way of allocating resources” (p. 
914). Hence we consider innovation capabilities as a collective and socially embed-
ded high-order organizational capability to efficiently combine critical resources and 
assets (i.e. human skills, IT, and organizational design…) in order to successfully 
achieve NSD processes. 

Finally, if this resource–process framework provides new fruitful insights to NSD 
management practices, it needs to be completed with resources-building and re-
sources-regenerating competencies of the service portfolio as well, in order to be suc-
cessful and viable in a long-term perspective. Hence, we propose in the Fig. 1 below a 
model of services innovation management that synthesize and articulates the previ-
ously studied elements. 

This model clearly describes a dual perspective, in emphasizing first the close in-
teractions between the NSD process, the service portfolio and the markets (and there-
fore the end-users). Indeed, organizational actors involved in NSD processes have 
strong interactions with end users and markets, in terms of co-design in the early 
stages of the NSD processes or in terms of co-valorization of the service output. Once 
the service is designed, it should be decontextualized and then adopt a generic form in 
order to be integrated in the organizational service portfolio. Therefore, this packaged 
service can be proposed to other markets and contexts, i.e. other end-users. 
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Fig. 1. Service Innovation Management Model 

The second emphasis of the Fig. 1 lies on the interplay of the resource base and the 
experience base of the organization. Both actual and potential organizational re-
sources and previous NSD experience are assets that are mobilized by innovation ca-
pabilities during NSD processes. 

Moreover, this dual model points out interactions between the user-oriented per-
spective and the organizational-oriented perspective of the innovation processes. 
These interactions consist in a mutual enrichment based on experience feedbacks and 
service improvement processes. 

In line with Froelhe and Roth’s [7] conception about the importance of developing 
both process-oriented and resource-oriented practices for a firm in order to build a 
competitive advantge, we argue in this contribution that an organization that develops 
specific competencies in service portfolio management will enhance both its re-
sources management practices and market-oriented activities. We propose in the next 
section to present an empirical illustration of these organizational issues of sustainable 
management of services innovation through the initiative of a Luxemburgish RTO. 
We focus first on the organizational design of the studied RTO that emphasize the 
importance of specific service management functions. We present in a second section 
the distinctive service portfolio management practices of this RTO. 

3   Organizational Design of Sustainable Services Innovation 
RTOs: Evidence from the CITI 

EARTO [23] defines RTOs as “specialized knowledge organizations dedicated to the 
development and transfer of science and technology to the benefit of the economy and 
society”. The main mission of a RTO is therefore to provide research, development 
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and innovation services both to private and public beneficiaries. The Centre de Re-
cherche Public Henri Tudor (CRPHT) is the largest Luxemburgish RTO, founded in 
1987, and has over 350 employees. The CRPHT has signed a performance contract 
with the Luxemburgish government that focus on two main strategic objectives. First, 
it carries out R&D activities in a collaborative way in order to improve and strengthen 
the innovation capabilities of private and public organizations. Second, it aims at be-
ing a recognized scientific actor in selected technological and scientific areas. The 
Centre for IT Innovation (CITI) as one CRPHT department, directly derived is mis-
sion from these two strategic objectives. 

Luxembourg is one of the most service-led economies in the world in where more 
than 90% of the Growth Added Value is generated by service sector. In this context, 
the CITI has developed a strategy essentially based on Service Science to achieve its 
mission: to produce innovations and to design its organization in order to manage in a 
sustainable way a specific innovation mix. 

CITI produces “Science-based innovation”. This essentially means (in the sense of 
Pavitt "Science-Based Industries" [24; 25]) that R&D workforce has to develop high 
level science and engineering skills in order to maintain strong links with academics. 
These links are essential to identify theory and methodological material to produce 
innovative solutions with partners. Therefore, solutions provided have to solve part-
ners’ problems but also to address scientific issues. Service innovation within such a 
scientific context produces knowledge that is: (i) co-constructed and validated by end-
users in an iterative process, and (ii) identified, shared and validated by the scientific 
community. 

A first CITI function called Scientific and Technological Manager (STM) refers to 
the management of the six CITI Scientific and Technology Units (STU). These STU 
are constituted by researchers and structured by scientific background aiming to rein-
force scientific networking. Researchers are then anchored in different back-
grounds/disciplines (IT, economy, sociology, psychology, management…) that we 
can label “vertical diversity”. They are also developing jointly scientific, technologi-
cal and market oriented skills that we can label “horizontal diversity”. 

Managing this diversity/variety is crucial for new knowledge production but also 
for knowledge exploitation. So the main functions of STU are to maintain/capitalize 
existing knowledge but also to develop new ones. The diversity of competencies 
managed (from macroeconomics to software architecture design) strengthens the abil-
ity to co-design services based on human, organizational and/or technological compe-
tencies. From this perspective, STU represents CITI resource base as mentioned on 
Fig. 1. 

Second, as the CITI aims to produce innovation in combining these previous types 
taking into account three main enablers (technology, organization and human), a func-
tion called Service Line Manager (SLM) has been implemented in order to create sus-
tainable innovation.  

Hence, seven Service Lines (SL) have been created to boost service-oriented 
strategies in increasing interdisciplinarity (combination of resources and competen-
cies) and the ability to build coherent and value driven “suite” of integrated services 
proposed to different markets. 

Third, as the CITI wants to bridge gaps between science, services and markets, in a 
service innovation approach which is demand or user driven, a third function has been 
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proposed: the Strategic Program Manager (SPM). Eleven Strategic Programs (SP) or-
ganize sustainable innovation from an end-users’ perspective. SP mainly addresses 
exploitation of knowledge and services for identified and implied beneficiaries, but can 
also develop new knowledge in an exploratory way in collaboration with end-users. 

Finally the main challenges of service innovation for the CITI consist not only in 
the maintenance of an “assets” knowledge base but also in the effective design of a 
dynamic organization to deploy them. Hereafter, coordination and governance 
mechanisms have to be implemented in order to develop a competitive advantage 
creating new services, new competencies, new markets or partnerships. 

In this context, the management of the CITI Service Portfolio appears has being 
critical in order to address these organizational issues. 

4   Service Portfolio Design: A Proposition  

A service line addresses a set of coherent services, which are described within a ser-
vice portfolio. The SLM gathers services from their identification to their capitalisa-
tion in a coherent package and manages interactions within the 2 other dimensions of 
the service model: market, i.e. SPM, and resource base, i.e. the STM. 

Within the portfolio, a service is described in a view that reflects on one hand the 
SLM’s point of view and one the other hand its interactions with SPM and STM.  

Integrating a service in the organizational portfolio consists, for the SLM, to de-
scribe it in its generic form. The description is seen as the first output of the NSD 
process and is mainly represented by the output it generates, the resources (human, 
technical and processes) it mobilises, and the activities which are performed. 

Managing the interaction with the STM means focusing on resources needed to de-
sign, deploy, and innovate on the service: the “Service Assets”. 

Finally, considering the interaction with the market, SLM and SPM should interact 
in order to contextualize a generic service to a specific market. A generic service 
could be contextualized several times, according to the markets it addresses. This is 
represented in what we have called the service “contextualised level”. 

The next sections will present the service portfolio design around these three vi-
sions (generic level, assets and contextualization level) and our demonstration on two 
principles: 

• The first one is that, each attribute that is defined to characterize a service within 
the portfolio is based on a question that should find an answer in order to have a 
complete vision of the service. Our presentation will then be based around these 
questions, and attributes definitions.  

• The second one is to propose an illustration of our purpose on an example based on 
one service existing at the CITI “Skill foresight service”.  

The skill foresight service proposes to look forward and to foresight tomor-
row key competencies. It aims at answering the question: What competencies 
are needed for a job or a given sector within 3 or 5 years?  

All the attributes presented in the next sections have been defined according to the 
CITI needs and experience. They reflect the day to day concrete work of a SLM, and 
so have for the moment not been yet confronted to the existing literature. The model 
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proposed here, results of the SLM work and which has been put in place in order to 
answer to the new constraints induce by the move of the CITI organization to service 
innovation management. This work is still running and thus some of the attributes 
proposed here will probably be adapted according to new emerging results and needs. 

4.1   Service Line Core Business: “Service Generic Level” 

Managing the service portfolio implies first of all, integrating services in their generic 
form. Regarding the SLM work at the CITI, It has been proposed to study the service 
generic level regarding 2 main points of view: What are the attributes need to define 
the service internally and what are the information needed to deliver it.  

On one hand, all information needed for a SLM to define and present internally his 
services, are gathered and organized around the seven main following attributes.  

Output: What are the concrete results that a costumer can expect from this service? 
Delivering a service relies, mainly, on qualitative and not quantitative outputs. How-
ever, in order to be able to sell this service, we should be able to demonstrate its value 
and so to give an overview of what the client can concretely expect. The way the ser-
vice is delivered is not the purpose, only the concrete results are described here.  

Type of action: What is the nature of the delivered service? A same service could be 
delivered in several ways depending on the client needs. We have classified this “type 
of action” within seven main categories describing the service delivery:  

• Research: The service is adapted through research investment.  
• Consulting: The service is delivered, as it is, in collaboration with the client. 
• Operational: The service is delivered by the CITI without client participation.  
• Labeling: The client has been certified on the service delivery. 
• Training: A training can be dispensed to the client. 
• Transfer: The whole service is transferred to the client, he will then be able to de-

liver by himself the service to its own client. 
• Support: Ensure the maintenance of the service after its delivery. 

Research partners: Who are the specific partners, privileged partners on the market 
(potential customer) as well as at the research level? Research partners are involved 
in the early stages of the NSD process in order to co-design and co-valorization the 
service. This attribute, point out the main (first) research partners who have been in-
volved in this early stages of the NSD process. 

Strategic human resources: Which are the human resources that participate to the 
definition and the evolution of the service? Who can help writing a proposition for a 
customer? Designing, deploying and delivering a service relies on internal human 
resources who are pointed out through this attribute, which is directly correlated to the 
STMs through the “human assets” attribute that will be described later in the paper. 

Useful assets: Which are the assets the service relies on? As seen previously, in the 
RBV, service innovation relies on human capital as well as on technical and process 
assets. These assets are mostly scientific methodology coming from research, en-
hanced by technology. This attribute is once again, emphasize the interaction with 
STM, as these assets are produced within a scientific and technological units. 
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Service maturity: Which is the maturity of the generic service at a given date? Every-
body agrees on the fact, giving an overview of the maturity of the service is manda-
tory. However further discussions are running in order to find a common maturity 
scale. 

For the moment, we will give an indication on a 5 level scale, from 1: emerging 
service to 5: mature service. Has we will see later in the paper, this generic maturity 
level will be nuanced by a contextualised maturity level. A service always emerges 
from one given market, and is then always more mature on this market than on an-
other one. 

Development plan: Which are the possible evolutions of the service in short and mid-
term, with which partner, for which market? The development plan intends to give an 
idea of the maturity gain expected at mid-term (1 or 2 years). It is, for the moment, 
described in a verbalized form, however, this seems to be too wide, and will be pre-
cise in the future. For example, information about the strategy that will be put in place 
in order to gain in maturity could be added.  

Success story: When available, which was the best deployment experience of the ser-
vice? A success story is a brief description of the best experience that could be used to 
promote the service. The client or partner who has been involved in this experience 
should be pointed out as a reference that can be contacted in order to give a feedback 
on his experience. 

Table 1. Skill foresight service- generic level - research and definition 

Output 
A global report containing: The initial skill card of the study job. The evolution profile  
(determinant, evolutions scenario, action plan) that has been identified. The resulting skill 
card of the job describing new key competencies within 3 or 5 years 
Type of Action 
Research, Consulting, Training, Support 
Research partner 
Luxemburgish training organisms (Chambres patronale et salariale, ADEM, ABSI) 
Strategic human resources 
ADU, GMA, DHU, BME 
Useful Asset 
Skill card methodology guide, Skill card Interview guide, abiliticWeb tool (under  
development) 
Service Maturity 
In 2009 maturity level 4 
Deployment plan 
Actually the service is been developed within “la grande region” through an INTERREG 
Project. Objective end 2010, deploy the service in several European training organisms as 
well as develop a computer based tool to support the service. In 2011 maturity level 5 
Success story 
Muller&Wegener - Luxembourg – Work on the job “ Préparateur de commandes” 

On the other hand, delivering a service, mainly consist in answering to the 2 fol-
lowing questions:  
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• How to explain quickly the service to one of your colleague? 
• What are the modalities and the associate costs in terms of human resources, li-

censes, infrastructures? 

And bring us to the definition of 2 corresponding attributes: 

Technical description: The technical description will give an idea of how the service 
will really take place. The discourse does not intend to be commercial, but technical 
and will be used internally to describe how the service will technically take place and 
is complementary to “output”. 

Delivery options: SPM are mainly concerns by selling services on their market. In 
order to achieve this goal they should be able to estimate as precisely as possible the 
service cost. Identifying the service delivery options will enable this cost estimation. 
SLM will then precise how many man/day and additional cost (licences for example) 
that are necessary to deliver the service. According to “Revenue Model” the SPM 
will, on this base, be able to estimate the service delivery cost. 

Table 2. Skill foresight service- generic level - Delivery 

Technical description 
The skill foresight service proposes to look forward and to foresight tomorrow key  
competencies. The service aims at answering the question: What will be the competencies 
needed for a job, or a given sector within 3 or 5 years? 
The service is based on prospective theory and  is decomposed into 3 main phases: 
Establishing the skill card of the job 
Establishing an evolution scenario 
Establishing the foresight skill card 
Delivery options 
Several options  
- Option 1 :  21,75days 

o Initial Skill Card through individual interviews and validation in focus 
group 

o Evolution scenario based on 3 focus groups  
o Foresight skill card : based on one focus group 
o Final report 

- Option 2 : 19 days 
o Initial Skill Card based on Focus group  
o Evolution scenario based on 3 focus groups  
o Foresight skill card : based on one focus group 
o Final report 

- Option 3 : 16 days 
o Initial Skill Card based on Focus group  
o Evolution scenario based on 2 focus groups  
o Foresight skill card : based on one focus group 
o Final report 

4.2   Assets: Coordination with Scientific and Technological Managers 

As seen previously, within the service definition, SLM identifies resources (human, 
technical and process) used to design and deliver services. Within the Service Innova-
tion management Model, these resources are at the organisation level managed by STM.  
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The STM manage resources, and should describe them, in order to allow the SLM 
to identify the one that are needed for his services, though 2 main attributes: Potential 
human resources and Potential non-human resources. 

Potential human resources: Who are the people who are able to work on the service? 
And what is their competencies level? Human resources address collaborators who 
participate in the development or the delivery of the service. STM should go one step 
forward than the SLM, and give an idea of resources competencies domain and their 
expertise in the service. This will allow the SLM to identify the possible resource im-
plication on the service. 

Potential non-human resources: What are the non-human resources (technical and 
process) that are useful for the service? None human resources address any resources 
that are useful for the service definition and delivery. It could be technical or scien-
tific resources such as methodology, software, training courses support, bibliography. 
The resource is described by its name, which is link to the non human assets within 
the generic level, a short description of the resource and where to find it. 

Table 3. Skill foresight service- Assets 

Potential human resources: 
ADU: scientific coordinator, statistics, prospective theory… 
GMA: research engineer, human resource…   
DHU: research engineer, skill card expert, project manager… 
BME: research engineer, jobs and skills expert… 
Potential none human resources:  
- Skill card methodology guide: skill_card_guide.doc 
- Skill card Interview guide: interview_guide.doc 
- abiliticWeb tool (under development): user_guide_aviliticWebtool.pdf 
- Training courses support: skill_foresight_methodology.ppt 
- For each of these resources a description is given 

4.3   Contextualization: The Market Link 

The generic level described previously focuses on the SLM point of view. We have 
also seen that the asset level addresses the coordination within the SLM and the STM. 

The SLM should also align the service portfolio according to markets needs (mar-
ket pull). As a consequence, this interaction should also be represented within the 
portfolio which has been done through the “Service contextualisation” level. 

First of all, for each market where the service can be commercialized, SLM and 
SPM should agree on a specialized service definition as well as main outputs specific 
to the market. These outputs and definition should focus only the specificity of the 
market and will answer to the following questions: 

• What are the concrete results (specific to the market) that a costumer can expect 
from this service?  

• What commercial discourse can we rely on in order to promote the service on the 
market? 
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Answering these questions will lead to the definition of Specific outputs that the 
service will deliver to the market as well as a Market specialized description which 
will present a commercial discourse available to promote the service outside the RTO. 

Table 4. Skill foresight service “training organisms” - definition 

Market specialized description 
You are a training organism and you wonder « How to adapt, as soon as possible, my  
training courses contain to the market need ». 
The skill foresight service is an innovative methodology that allows you to identify  
tomorrow key competencies and to adapt and valorize your training offer. 
The service is adapted to your needs through a participative demarche involving professional 
of your domain. 

Other attributes of the definition category intent to describe the market that the ser-
vice would address. These attributes are mainly the responsibility of SPM and should 
give an overview of the market potential for the service to SLM and STM. These at-
tributes are defined around the main questions that arise in order to define the poten-
tial of the service on the market. 

The first 3 attributes intend to describe the market overview, in order to package 
the service and contextualize it to this specific market.  

Market challenges: Which challenge, activity or process the service would address? 
Main customers: Which clients would be interested in using the service? 
Main competitors: What are the service competitors on the market? 

Knowing a market means, first of all, been able to indentify challenges it should ad-
dress. The attribute “market challenges” propose a selection of a subset of these  
challenges that the service could address. The goal is to collect, useful information in 
order to promote the service, to identify its possible developments and to customise it 
to the market. 

Clients’ identification is the second information that should be addressed, and more 
particularly those who could be interesting in the service and for whom it is valuable 
to promote it (Main customers). And finally, in order to have a market global vision, 
SPM should also focus on the competitors on the market, and adapt the service in 
order to propose innovation and different services than those already existing (Main 
competitors). 

Communication means and supports: What are the typical communication means 
and supports that can be activated in order to promote the service on the market? 
This attribute intends to provide information in order to promote the service on the 
market and to capitalize on publications already published. 

Market partners: Which are the partners that you could relies on, in order to have a 
good comprehension of the market? Describing market partners has the same function 
as “research partners” at the generic level, but focus, this time, on the market en-
ablers. It presents partners who can help in developing and promoting the service on 
the market and mainly participate to the service sustainability. 

Maturity on the market: Which is the maturity of the service on your market? 
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Development plan: How to bring the service to contribute to the program  
development? 

As seen previously, the service maturity and development plan can be different 
from one market to another, At the generic level, the SLM estimate the service matur-
ity, and associate development plan considering its design at the early stage of the 
NSD process (i.e. on one specific market). The SPM should then estimate the service 
maturity on its market as well as the possible development opportunities of the service 
on the market. These 2 attributes strongly influence the service deployment strategy 
on the market. 

In the previous paragraphs, service opportunities for the market have been pointed 
out. SPM, in collaboration with SLM and STM, has now to identify the way it could 
be delivered. This identification relies on 3 attributes: service assets, support partners 
and income models. 

Service Assets: What are the assets (Human and non Human) that are specific to the 
market in order to be able to deliver the service? Regarding one specific market,  
additional assets, that were not present at the generic level, will be needed. These ad-
ditional resources are described here, by specifying only resources that were not men-
tioned at the generic level. 

Support partners: Which partners are associated to the service delivery on the mar-
ket, for example SSII for a software on which the service relies on? In order to be de-
livered a service sometime needs the support of external partner, like for example 
specific expertise on the market. These partners are described giving their references 
as well as their implication in the service delivery. 

Income models: How the final price will be calculated? Which type of contract can 
you expect deliver for the service? Income models are directly link to the “type of 
service” and the “delivery options” defined within the generic level. It will define; 
according to the client and the type of service the income model that can be applied, 
from collaborative research to consultancy fees. 

Table 5. Skill foresight service “training organisms” – delivery 

Market challenge 
Identifying future competencies, adapting training to client needs  
Main customers 
Training organisms within the “grande region”, Human resources departments 
Main competitors 
Specialize human resources consultants working on skill card establishment Communication 
means and supports: 
Newspaper publication (example: “Tageblatt”, “Le jeudi”) 
Scientific publication (example: ESSEC 2009) 
Skill foresight leaflet (under construction) 
Development plan: 
Develop the maturity of the service in intra-enterprise mainly by reducing the cost for small 
and medium enterprises 
Revenue models:  
Collaborative research project, when specify to one specific context within a company,  
Consultancy model in other cases 
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As previously said, this work is the results of the SLM thinking on their day to day 
needs. It has been proposed at the CITI level and is still under revision. These attrib-
utes are now in a way of being proposed at the corporate level, i.e. within the whole 
CRP-Henri Tudor. The next step will be to adapt and validate this work according to 
the existing literature and to experts of the service science domain.  

4   Conclusion 

This paper presents the organizational design of a service portfolio used to leverage 
service innovation capabilities within a Luxemburgish RTO.  

The design of such a service portfolio ensures the NSD processes coherence within 
the organization in guaranteeing the sustainability of innovative services. 

The benefits of this management of this service portfolio are twofold: (i) it fosters 
interactions between the organization and the markets in order to increase services 
visibility for the clients (end-users) and (ii) to involve them in a co-design process. 
However, this research points out that interactions with the market are not the only 
prerequisite to support innovation design. Indeed, as NSD processes are also based on 
organizational resources (human, technical or processes), the service portfolio should 
also integrate and manage this issue. 

Creating, through the service portfolio, these coherent links between NSD proc-
esses, markets and resource base will allow organizations to improve innovative sus-
tainable services in a continuing process. However, the management of these links 
implies for the organization to refine its capitalization strategy that may leads to the 
empowerment of its service innovation capabilities.  
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Abstract. In the last few years, service-oriented computing has become

an emerging research topic in response to the shift from product-oriented

economy to service-oriented economy and the move from focusing on

software/system development to addressing business-IT alignment. From

an IT perspective, there is a proliferation of methods and languages for

describing Web services. There has not been as much work in defining

languages or ontologies for describing services from business perspectives.

In this paper, we analyze the landscape of service representation and

discuss the needs of having a description language for business services.

By leveraging existing work on describing service capabilities and proper-

ties, we define a specific description language that explicitly addresses the

decomposition of business services and their non-functional properties.

The language is defined both informally (as a list of descriptive concepts)

and formally (by means of meta-modeling and declarative modeling).

Keywords: Service-Oriented Computing, Service Engineering, Strate-
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modeling.

1 Introduction

In the past ten years, software and system modeling have become rapidly growing
and high profile topics in the field of information systems. The proliferation of
methods for modeling software and systems has expanded dramatically to many
different paradigms, including: component-based software development, rapid
application development, iterative and incremental development.

Currently, there are two emerging topics of interest: service-oriented comput-
ing and enterprise architectures, the focus has shifted from software and system
development to the convergence of enterprises, organization and information sys-
tems. We deal with not only software and system development, but also the way
they are exploited to make business more efficient and effective. Enterprise archi-
tecture deals with the alignment between business and Information Technology
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(IT) in order to make the enterprise more competitive (e.g. more cost-effective,
better client support) [13]. In service-oriented computing, the goal is to pro-
duce a more modular and loosely coupled organizational system, where changes
within the organization is managed in a less risky fashion than more traditional
major change systems [9].

From an IT perspective, there is a proliferation of methods and languages
for representing Web services. There has not been as much work in defining
languages or ontologies for describing high-level services from a business per-
spective. In a broader context, we need a new approach in describing the long-
term strategy of an organization and the way it is aligned to high-level business
services. There is a need to understand the degree of strategic alignment of a
service portfolio to support service re-alignment in the face of changing strategic
landscapes.

Motivated by the needs of describing business services from a pure business
perspective, we define a specific description language that explicitly addresses
the decomposition of business services and their non-functional properties. We
base this work on existing work that established basic description for service
capability and properties.

The remainder of this paper is structured as follows. Section 2 discusses the
needs of a dedicated description language for business services and their de-
composition. The description language that we propose for business services is
defined in Section 3. Section 4 presents work related to the representation of
business services. Section 5 ends the paper by drawing some conclusion remarks
and discussing future work.

2 The Needs of Describing Business Services and Their
Decomposition

In this section, we discuss why we need a specific description language for busi-
ness services. Subsection 2.1 addresses the landscape of service representation
within which the representation of business services is positioned. Subsection
2.2 describes an example that will be used for formulating the requirements of
such a description language. Requirements of a description language for business
services are presented in Subsection 2.3.

2.1 Representation of Services

Figure 1 illustrates a description continuum of strategy, goals, services and pro-
cesses that would be necessary for describing an organization. This continuum
has two ends that correspond to the specification and the operationalization of
an organization. High-level specifications and long-term strategies appear to the
left most side of the spectrum. The granular detail increase towards the right
of the figure until operationalization of high-level specifications and strategies is
achieved.



98 L.-S. Lê, A. Ghose, and E. Morrison

To the specification end of the continuum lay the modeling languages for
strategy and goals. These modeling languages are used for capturing the vision
and the requirements of an organization. Some research has been put forward in
this area. The e3 Forces [11] proposes a framework for modeling 3 perspectives
of an organization one of which is focused on business strategy modeling. In the
InStAl method [16], strategy of an organization is represented in terms of strate-
gic objectives and strategic goals with respect to the vision of the organization’s
stakeholder. Goal-oriented Requirement Language [19] supports goal-oriented
reasoning by establishing correspondences between intentional elements (goal,
softgoal, task, believe, resource) and non-intentional elements - which may be
imported from an external model, in a scenario. Other researches on goal mod-
eling include Tropos (an agent-oriented software development method based on
goal-oriented requirements) [4], GOORE (a goal-oriented method for require-
ments elicitation) [14] and Lightswitch (definition of early requirements of an
enterprise system) [12]. In our group, we are developing a specific method and
an associated toolkit that enable the representation of business strategies and
business services in a hierarchical approach as well as the alignment between
them. This work, which, together with InStAl method [16] and e3 Forces [11],
can be classified as Strategy Modeling Language (SML) as illustrated in Figure
1. While GRL primarily deals with goal modeling as the name suggests, SML
nevertheless addresses a wider range of high-level strategy and requirements .

Fig. 1. Representation continuum of services with regard to strategy and goal modeling

Towards the operationalization end, there are different levels of service repre-
sentation. Business services can be viewed as high-level implementation compo-
nents that operationalize the organization’s strategy. The business services can
be decomposed (e.g. by subcontracting) and refined (e.g. by adding properties).
This decomposition and refinement may result in a network of generic services
that can be represented using Universal Service Description Language (USDL)
[1] or Description of Service Capabilities and Properties (DSCP) [10]. A more
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technical description language such as Web Service Description Language1 could
be used when IT supports such as Web services are needed. OWL-S2 provides
an ontology for describing functionality of web services, how they can be used
and how to interact with them.

In this paper, we propose a description language for business services and
their decomposition that we call Business Service Description Language (BSDL).
It establishes the missing link between GRL and USDL by taking into account
service decomposition and looking at services at a higher level than other service
description languages do.

It is worth noting Business Process Modeling Notation (BPMN) - the most
popular modeling language for business processes [18]. In the representation
continuum of Figure 1, BPMN is placed closer to the operationalization end than
BSDL and USDL are. This can be judged in the way that business processes are
regarded as instances of generic services and business services.

2.2 Motivation Example

Let us consider an example. A large-scale construction company called Bridge-
Builder (BB) offers bridge construction as a service. The company can describe
this service to their potential clients (e.g. government) as follows: the construc-
tion of bridge will be done in a cost-effective, schedule-manageable manner but
the total cost and the construction schedule should be negotiated based on tech-
nical specification given by the client.

Before building a bridge, the BB company and their client would: (i) detail
technical specification, (ii) negotiate schedule constraints and financial issues,
(iii) elaborate penalty conditions that may be applied in case the schedular con-
strains or the technical requirements are not met. After having reached agree-
ment on these details, the BB company would start this business by breaking
down the service ”Bridge Construction” they offer into four constituent services
each of them can be subcontracted to other companies who specialize in a specific
area (see Figure 2). The constituent services are

– pre-construction clearance: ground needed for building the bridge is cleared
– pillar construction: pillars of the bridge are constructed
– span construction: spans of the bridge are built
– lighting facility: lighting systems are equipped on the bridge

In Figure 2, each bubble stands for a business service. The text inside each
bubble describes the name, schedule obligation and penalty for not meeting the
schedule of the service being represented. The four thick arrows coming from the
bubble in the center of the figure represent subcontracting.

There are several challenges in describing the ”Bridge Construction” service
and its decomposition. First, in addition to describing the main function of this
1 W3C Web Service Description Language http://www.w3.org/TR/wsdl
2 OWL-S: Semantic Markup for Web Services

http://www.w3.org/Submission/OWL-S/

http://www.w3.org/TR/wsdl
http://www.w3.org/Submission/OWL-S/


100 L.-S. Lê, A. Ghose, and E. Morrison

Fig. 2. Decomposition of the service ”Bridge Construction” results in distributing its

functional and non-functional properties into constituent services

service, we need to explicitly represent its non-functional properties including
the costs, schedule, penalty as illustrated in Figure 2.

Second, as the the ”Bridge Construction” service is decomposed into four
constituent services, the same extent of description should be achieved for all of
its constituent services.

Third, the company that offers one of the consistent services may decide to
further subcontract, outsource or delegate part of its service, leading to addi-
tional service decomposition.

2.3 Description Language Requirements

The challenges pointed out in the previous subsection drive us to formulate the
following requirements of a description language dedicated to the representation
of business services and their decomposition.

1. distribution: functions and non-functional properties of a business service
are distributed into constituent services

2. decomposition: a set of concepts that can explicitly describe how to break
down business services

3. uniformness: the above abilities should uniformly be applied across the
decomposition hierarchy of business services

In Section 3, we define a description language that addresses the requirements
listed above. We call this language the Business Service Description Language
(BSDL).
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3 Business Service Description Language

This section first gives an informal definition of BSDL (Subsection 3.1). The
BSDL is then formally defined by means of meta-modeling (Subsection 3.2).

3.1 Informal Definition of BSDL

The DSCP is a description language for business services [10]. This language
addresses the description of both the functional aspect and non-functional prop-
erties of a business service. In our understanding, this work has the most detailed
description of business services. We base our BDSL on this work3, particularly
in the representation of service capability whilst adding the decomposition of
business services. We also take a different approach for formalizing our BSDL
(see Subsection 3.2).

In DSCP [10], the functional aspect of business services is captured by service
capabilities whilst the non-functional aspect is covered by service properties. We
borrow these descriptive concepts while adding more concepts that describe the
decomposition of business services and some non-functional properties. Table
1 summarizes the descriptive concepts defined in the BSDL. Each concept is
defined in English and is classified either as basic, functional, non-functional,
lexical or decomposition. Note that the added concepts are marked with star
symbols (*) in this table.

3.2 Formal Definition of BSDL

Meta modeling is a popular approach for formally defining modeling and de-
scription languages. In this subsection, we present a meta-model that formally
defines the BSDL. Typically, a meta-model has three elements: a diagram, de-
scription rules and sample instantiation. The diagram gives visual representation
of the concepts defined in the description language being formalized by the meta-
model. The diagram also visually shows relationships between these concepts as
well as cardinalities and roles specified in the relationships. But diagrammatic
representation is usually weak in capturing rules that a description language may
have. We need a more formal means to represent the rules. The third element
of a meta-model illustrates how instant models of the description language can
be instantiated from the meta-model. The existence of this element is necessary
to prove that the first element and the second element are consistent and the
meta-model as a whole can be instantiated. A non-trivial sample instantiation
is usually included in the meta-model for this purpose.

The DSCP [10] is formalized using Object Role Modeling (ORM) [5] - a visual
conceptual data modeling technique with the advantage of being able to include a
sample population directly in the ORM diagram that helps to validate the model
and demonstrate how it is used. In this approach, ORM diagrams give visual rep-
resentation of the concepts defined in DSCP. The way that ORM include the rules
3 An online version of DSCP can be found at

http://www.service-description.com

http://www.service-description.com
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Table 1. The building blocks of BSDL are informally defined in English. Some of them

are originated from DSCP [10]. The newly-defined building blocks are marked with *.

Concept Group Informal definition of element

Business Service Basic Represents a high-level service that is provided by a business
entity (e.g. an enterprise, an organization, an individual).

Provider Basic Represent a business entity (e.g. an enterprise, an organiza-
tion, an individual). A provider may not be a system that can
operate without any human activities. A business service may
be provided by more than one provider.

Requester Basic Represent a business entity (e.g. an enterprise, an organiza-
tion, an individual) that requests a business service.

Capability Functional Represents the function of a business service does. A business
service may have more than one capability.

Rule Functional Represents an effect or a pre-condition of a Capability. A ca-
pability may have multiple preconditions and effects.

Signature Functional Represents input or output of a Capability. A signature can
be regarded as a set of parameters.

Parameter Functional Captures a piece of information or data that a business service
consumes or produces.

Property Non-functional Generic non-functional property of a business service.

Obligation Non-functional Represents responsibility that both the requester and the
provider of a business service must fulfill. An obligation is
associated with a penalty.

Schedule* Non-functional Represents an obligation that mandates the time-frame of a
business service.

Environment* Non-functional Represents an obligation that mandates how environment-
friendly a business service should be.

Payment Non-functional Represents an obligation that mandates how the service re-
quester pays the service providers.

Penalty Non-functional A non-functional property associated with an obligation. This
property represents penalty applied when the associated oblig-
ation is not fulfilled.

Price Non-functional A non-functional property that represents the amount of
money being charged for a business service from the providers
perspective. It may be called costs from the requesters per-
spective.

Lexical Term Lexical Represents a lexical term used in describing capabilities and
parameters of business services.

Verb Lexical Represents a verb used in describing capabilities of business
services.

Noun Phrase Lexical Represents a noun or a noun phrase used in describing para-
meters of business services.

Case Description Lexical Used for describing attributes (e.g. topic, location) of a Ca-
pability.

Ontological Source Lexical Contains definition of lexical terms, case descriptions and
rules.

Decomposition* Decomposition Represents the manner in which a business service is broken
down into a number of constituent services.

Subcontracting* Decomposition A method of decomposing service by which an external ser-
vice provider is contracted to perform part of a business ser-
vice. The part that is subcontracted can be regarded as a
constituent service.

Outsourcing* Decomposition A method of decomposing service by which a third-party
service provider (potentially be an oversea provider) is con-
tracted to perform part of a business service.

Co-sourcing* Decomposition A method of decomposing service by which some part of a
business service is performed both by its provider and by some
external provider.

Delegation* Decomposition A method of decomposing service by which some part of a
business service is assigned to another service provider, usualy
a person.
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dealing with cardinality and uniqueness of the DSCP concepts and some instant
model in their diagrams is an advantage of this approach. However, it is not clear
if ORM diagrams can express all kinds of rule defined for a description language.

The meta-modeling approach that we follow in formalizing the BSDL is to
use a Unified Modeling Language (UML)4 diagram and a declarative language
based on the first order logic and the set theory called Alloy [2]. By using a
declarative language that has capability of processing the first-order logic, we
can formalize a wider range of rules than using a diagrammatic approach in
ORM. Using UML to represent the meta-model also brings a benefit regarding
the potential implementation of BSDL. The UML diagram of the BSDL meta-
model can be imported to quickly build a project baseline in Eclipse Modeling
Framework5 - a popular development environment in research community.

Meta-model of BSDL. The way we build a meta-model for BSDL can be
summarized as follows. The descriptive concepts of BSDL (see Table 1) are
visually expressed in a UML class diagram. The diagram is complemented by a
list of description rules (see Table 2) that define the well-formedness6 of BSDL.
The UML classes and the list of description rules are together formalized in Alloy
code which allows verification using object-oriented syntax and the capability of
processing in first-order logic. This is an advantage of this approach over using
UML and a separate constraint language such as Object Constraint Language7.
Another advantage is that the Alloy language comes with a tool that allows
checking the consistency and helps in generating a sample instant model of the
formalized meta-model.

Figure 3 is the UML diagram of the BSDL meta-model. Each BSDL descrip-
tive concepts (that is listed in Table 1) is represented as a UML class. Each
Business Service is connected to a Requester and one or more Provider(s)
through UML composition relations that have the role names serviceRequester
and serviceProviders, respectively. A Decomposition connects a decomposed
Business Service via the decomposedService role name and one or more con-
stituent Business Service(s) through the constituentServices role name.
The Decomposition is an abstract class of four concrete classes each of which
represents a specific decomposition method for business service.

A straightforward way of representing service decomposition is to use the
well-known ”Composite Pattern” [3]. This pattern is most suitable for situa-
tion where there is a clear distinction between leaf nodes and composite nodes.
However, the Business Service in this meta-model plays both the role of a de-
composed service and the role of constituent services. We cannot tell if a business
service is no further decomposed in order to qualify as the leaf in the decom-
position hierarchy. In addition, by representing the service decomposition as a
4 UML Resource Page of Object Management Group http://www.uml.org
5 Eclipse EMF homepage http://www.eclipse.org/modeling/emf/
6 Well-formedness refers to the way that a model is structured in the fashion expected,

which is typically specified in terms of rules that are called well-formedness rules.
7 OCL Specification

http://www.omg.org/technology/documents/formal/ocl.htm

http://www.uml.org
http://www.eclipse.org/modeling/emf/
http://www.omg.org/technology/documents/formal/ocl.htm
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UML class instead of a UML composite relation, we can enrich the meta-model
by specializing it and adding attributes.

Fig. 3. The descriptive concepts of BSDL and the relationships between them can

visually be expressed in a UML class diagram
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Property is an abstract class that represents a generic non-functional prop-
erty. This class is connected to the Business Service class through a role
name called nonFunctionals. Obligation, Penalty and Price are subclasses
of Property. Note that the classes Obligation and Penalty are connected by
a UML association relation in accordance to the definition of the corresponding
concepts given in Table 1.

The rest of the UML diagram is actually translated from the meta-model of
DSCP [10] that was conceptualized using ORM [5]. Each Business Service

is connected to some Capability(s) through a UML composition relation. A
Capability is associated to effects and preconditions all of which are in-
stances of Rule. A Capability is also associated to inputs and outputs that
are actually instances of Signature. A Capability is lexically characterized
by a Verb. A Signature has a number of Parameter(s) each of which has
a Datatype and is lexically characterized by a Noun Phrase. Note that Verb

and Noun Phrase are generalized into Lexical Term. All instances of Rules,
Lexical Term and Datatype belong to an Ontological Source.

Table 2. Description rules constrain the way instances of BSDL building blocks are

put together in a service description model

Rule Informal semantics

Acyclic There must be no cycle along the decomposition hierarchy of business services.

Mutual For each business service, all properties and capabilities declared in it must take
it as their sole service.

Uniqueness The set of parameters of two different signatures must be different.

Same service An obligation and corresponding penalties must be of the same business service.

The UML diagram of Figure 3 offers diagrammatic expressiveness for repre-
senting the BSDL descriptive concepts and their relationships but does not cover
the well-formnedness of the whole BSDL model other than cardinalities of these
relationships. However, the BSDL well-formedness is more than just about car-
dinality. For example, the decomposition hierachy of business services in BSDL
is well-formed if it has no cycle. For this reason, we need a list of description
rules that state how instances of BSDL descriptive concepts are put together to
make a correct BSDL model. Table 2 lists the description rules of BSDL.

Formalization in Alloy. The UML diagram shown in Figure 3 and the list
of well-formedness rules (Table 2) can be formalized together in single Alloy
code. As the Alloy language offers an object-oriented syntax, we can translate
the UML diagram to Alloy straightforwardly as follows

– A UML class is mapped to an Alloy signature (the sig keyword)
– A UML role name is mapped to an Alloy field (to be declared within an

signature)
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– The UML cardinalities 1, 0..1, 1..* and 0..* are mapped to the one,
lone, some and set keywords of Alloy, respectively

– The UML generalization is mapped to the extension mechanism in Alloy
with the extends keyword

– For the sake of simplicity, we can ignore UML attributes of which types are
primitives (e.g. Date, String) because they are not referred to in the BSDL
description rules.

Fig. 4. The meta-model of BSDL is formalized in Alloy. Alloy signatures declare the

building blocks while Alloy facts capture the description rules of BSDL.
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Translating BSDL description rules to Alloy code can be done in two steps: write
first-order logic [15] statements for the BSDL description rules before mapping
these statements to Alloy facts (the fact keyword). For example, the Acyclic
rule can be stated as: every business service is found neither the transitive closure
of its parent service nor in the transitive closure of its constituent services. This
statement is finally translated to the following Alloy formula

all bs: BusinessService |
bs not in bs.ˆ(˜decomposedService.constituentServices) and
bs not in bs.ˆ(˜constituentServices.decomposedService)

Figure 4 shows the Alloy code that formalizes the BSDL meta-model, including
the descriptive concepts and the description rules. There are two panels in this
figure. The panel to the left displays Alloy source code whilst its overview is
shown in the panel to the right. Note that the names of signatures and fields in
the Alloy code match those of the corresponding classes and role names in the
UML diagram. Name matching is also observed between the BSDL description
rules and the corresponding Alloy facts.

Consistency and Instantiation of the BSDL meta-model. To check the
consistency of the Alloy code shown in Figure 4, we need to have it executed. The
Alloy language is supported by a tool called Alloy Analyzer8. It is possible to add
execution and instantiation commands to the code and run it on Alloy Analyzer.
If the Alloy code is over-constrained (e.g if there is contradiction between Alloy
facts declared in the code), the tool outputs a message notifying that the code
is inconsistent and thus no instant model can be generated for it. Otherwise if
the code can be instantiated, the tool generates and visualizes an instant model.

Figure 5 displays an instant model generated by the Alloy Analyzer tool. This
instant model corresponds to the example presented in Subsection 2.2. In this
figure, bubbles and rectangles represent instances of BSDL descriptive concepts.
Note that there is text inside each of them. The text has two lines: one is the
name of the BSDL descriptive concept, the other (wrapped by parentheses) is
the name of the instance the bubble or rectangle represents.

4 Related Work

In this section, we relate the BSDL to existing work on service representation and
management. SLA@SOI is a research and engineering project that can embed
SLA-aware infrastructures into the service economy9. On of the key points of this
project is to build an automated e-contracting framework that manages Service
Level Agreement (SLA) for business services. However, a specific description
language for business services and their decomposition is not addressed.

WSDL and BPEL4WS are dedicated for web services. Obviously, the proper-
ties defined in these languages are specific to web services. The decomposition
of services can be represented via a mechanism called service invocation.
8 Downloads and tutorials of this tool are available at http://alloy.mit.edu/
9 SLA@SOI Project http://sla-at-soi.eu/

http://alloy.mit.edu/
http://sla-at-soi.eu/
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Fig. 5. The ”Bridge Construction” example can be instantiated by Alloy Analyzer

The DSCP [10] on which our BSDL is based aims at modeling functional and
non-functional properties of business services. To our best understanding, the
range of service properties covered in this work is widest among those offered
by research work on business service modeling. This work does not deal with
the decomposition of business services. In USDL [1], services are considered as
generic services that may or may not have technical aspect. Services are coupled
from the standpoint of an internet of services. The decomposition of services are
not addressed in USDL.

Various work on combining non-functional descriptions with service-oriented
architecture has been undertaken. Wenting et. al. offer a weighted metric for
service selection based on higher level non-functional goal models [7]. This work
relies heavily on domain experts who provide preferences that can be combined
to rank and rate the desires of each organization and aid in the decision pro-
cess for service selection. This work is novel, providing a rank-based preference
structure that can be used between higher level strategies and the correlation to
services. It complements the work in [8] where a Quality of Service architecture
for Web services has been described. The architecture proposed in [8] defines
many descriptive terms for services that may be used in an general ontological
service framework as well as the mechanics that may be used to incorporate
a description language into a complete service provision framework by way of
describing many non-functional attributes of services. These articles [7,8] do
much in the way of formalizing the required language for service/strategy non-
functional descriptions as well as providing implementation mechanisms that
would allow services to invoke the ontology; however, the articles offer broad
frameworks for representation of services. Key to the representation of services
and the higher level business strategy is the vender selection problem[6,17]. In
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[17], the authors expand on Weber’s early work in vender selection criteria and
methods. In this article Weber et. al. identify a series of qualities that a decision
system for vender selection must have. They then describe a metric algorithm for
the determination of optimal vender number selection. In [6], Kumar et. al. offer
a fuzzy goal programming approach to the vender selection problem with mul-
tiple objectives, this work breaks down the task of selection using quantitative
descriptions of constituent services. All of the aforementioned research does little
in the way of framing the problem in a business domain. In this regard much
work must be undertaken to resolve inconsistencies between the approaches de-
scribed above to form a central body or language for describing the relationships
between business service providers.

5 Conclusion

Service-oriented computing has become an emerging research topic in response
to the shift from product-oriented economy to service-oriented economy and the
move from focusing on software/system development to addressing business-IT
alignment. In the standpoint of service-oriented computing, services are consid-
ered as main vehicle for the operation of an enterprise or organization. Describing
services is essential for an organization. There exist description languages that
are dedicated to either web services or generic services. From another perspec-
tive, describing goals and strategy are necessary for capturing the long-term
vision of an organization. To fill in the gap between modeling high-level strategy
and the technology-focused representation of services, we define a description
language called BSDL from a pure business perspective. The language is dedi-
cated to the representation of business services, in particular the decomposition
and non-functional properties of business services.

Future work falls into three directions: (i) improvement of BSDL; (ii) align-
ment between business services and strategy; and (iii) evaluation. In the first
direction, BSDL can be enhanced to cover a wider range of non-functional prop-
erties and to provide formal semantics (e.g. by means of first-order logic) for
service capabilities and service decomposition. A more technical work is to rep-
resent the syntax of BSDL in some markup language. In the second direction, we
target the modeling of long-term strategy of an organization and the strategic
alignment of business services that the organization offers. The goal of this re-
search is to be able to identify the strategic antecedents of every service and the
service-level operationalization of every strategy. In our group, we have an on-
going project where we are developing a specific modeling language for strategic
alignment and implementing a toolkit. The definition of BSDL presented in this
paper is taken as a baseline for this project. In the third direction, BSDL will
be evaluated together with the work on strategic alignment using case-studies
provided by industrial partners that get involved in the multi-partner project
funding this research.
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Abstract. Service design is a relatively new discipline, perhaps considered to-
day to be more art than science. A chosen design may affect multiple stake-
holders, and its impact may vary across multiple service attributes. It is often 
therefore difficult to determine whether one service design is preferable to an-
other. This paper presents a review method derived from those adopted by 
software architects to evaluate competing software architectures. It suggests 
that the domain of service design shares some significant characteristics with 
that of software solution architecture, and proposes the adaptation and applica-
tion of evaluation and review methods that have proved successful in the soft-
ware solution architecture domain. 

Keywords: Service evaluation, service quality, architecture. 

1   Introduction 

This paper proposes the application of evaluation methods that have been developed 
for assessing computer software architectures to the domain of service design. It takes 
as its starting point a definition of software architecture, and examines established 
methods and standards for describing software quality and evaluating software  
architectures. 

Section 3 considers the domain of service evaluation with particular reference to 
the field of public services. It considers the complexity resulting from the multi-
dimensional nature of impacts caused by changes to services, further compounded by 
the different perspectives of multiple stakeholders. It also examines the discipline of 
service design, highlighting the parallels between service design and software systems 
design that have been identified by numerous commentators. 

Section 4 describes a proposed Service Architecture Review Method and accom-
panying Service Quality Attribute model, and the paper concludes with some sugges-
tions regarding the future areas of research that may be opened up as a consequence 
of this work. 
                                                           
* The author is a DBA student at Glamorgan Business School and Chief Technology Officer at 

the Office for National Statistics. The research presented here has been sponsored by Public 
Service Management Wales and the Office for National Statistics. 
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2   Software Architecture 

The Software Engineering Institute at Carnegie Mellon University (SEI) has collected 
over sixty definitions of “Software Architecture”, publishing them under “Modern”, 
“Classic”, “Bibliographic” and “Community” categories on its web site.  The majority 
of these definitions come from the 1990's, the period when the concept of software 
architecture became widely discussed among the computer science community.   

2.1   What Is Software Architecture? 

A seminal work from this period is Software Architecture in Practice by Len Bass, 
Paul Clements and Rick Kazman[1], the first edition of which was published in 1998.  
It defines Software Architecture as follows: 

“The software architecture of a program or computing system is the structure or 
structures of the system, which comprise software components, the externally visible 
properties of those components, and the relationship among them.” 

Whilst there is clearly not a single form of words that is universally accepted, this 
definition is widely quoted in associated literature, and lies towards the centre of the 
set of definitions collected by the SEI. 

The authors highlight a number of implications of this definition. An architecture is 
an abstraction, defining a set of elements, but suppressing those details of the ele-
ments that do not relate to how they use, are used by, or interact with, other elements.  
The definition also implies that systems comprise more than one structure with criti-
cal relations between them.  The authors suggest this in turn implies that all systems 
have an architecture, and that the external behaviour of the elements that comprise a 
system are part of that system's architecture. 

The growth in complexity of software systems over time has led to recognition of 
the importance of abstraction as an aid to communication among the stakeholders of a 
system, especially during its specification and construction.  A representation of the 
architecture becomes a lingua franca that all stakeholders can speak and understand, 
as well as serving as a technical “blueprint” for the system that is to be built, modified 
or analysed. 

This growth has also led to increased interest in the relationship between the archi-
tecture of a system and the behaviour of that system. Since the architecture encapsu-
lates the external behaviour of the components, it is a combination of those behaviours 
that will make up the external behaviour of the resulting system. It follows that differ-
ent architectures can result in different behaviours that might be closer to, or further 
away from, the set of behaviours most desired by the stakeholders. 

2.2   Software Quality 

The IEEE Standard for a Software Quality Metrics Methodology describes software 
quality as “the degree to which software possesses a desired combination of attributes 
(e.g. reliability, interoperability)”[2].  ISO 9126 [3] is an international standard for 
evaluating software quality.  Part one of the standard (ISO 9126-1) sets out a quality 
model which classifies software quality in a structured set of characteristics and sub-
characteristics (see Table 1 below). 
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Table 1. ISO 9126-1 Software Quality Model 

Characteristic Sub-characteristic 

Functionality 

Suitability 
Accuracy 

Interoperability 
Security 

Functionality Compliance 

Reliability 

Maturity 
Fault Tolerance 
Recoverability 

Reliability Compliance 

Usability 

Understandability 
Learnability 
Operability 

Attractiveness 
Usability Compliance 

Efficiency 
Time Behaviour 

Resource Utilisation 
Efficiency Compliance 

Maintainability 

Analysability 
Changeability 

Stability 
Testability 

Maintainability Compliance 

Portability 

Adaptability 
Installability 
Co-existence 

Replaceability 
Portability Compliance 

It is clear that both the IEEE standard and the ISO standard are referring to the 
same concepts when the former uses the term “attribute” and the latter uses the term 
“characteristic” (although the ISO standard uses both terms, and makes a clear and 
well argued distinction between them).  The term “quality attribute” is in more com-
mon usage for this concept, even if the ISO standard's use of “quality characteristic” 
is more precise, and so the remainder of this paper will follow the majority in using 
the term “attribute”. Many more quality attributes have been proposed by others, with 
a catalogue of over sixty being listed in Wikipedia [4].  

In Quality Attributes [5] a technical report from the Software Engineering Institute 
at Carnegie Mellon University, the authors introduce a generic taxonomy of software 
quality attributes, and propose “an attribute-based methodology for evaluating soft-
ware architectures” which involves analysing the trade-off between quality attributes 
offered by different possible software architectures. 

2.3   Software Evaluation 

This proposal led to the development of Software Architecture Analysis Method 
(SAAM) (sometimes referred to as Scenario-Based Architecture Analysis Method) at 
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the Software Engineering Institute, which was the first documented, widely promul-
gated architecture analysis method [6][7].  Further refinement led to the development 
and publication of Architecture Trade-Off Analysis Method (ATAM) [8].  Applica-
tion of this method involves the development of a set of scenarios using a quality 
model as its basis, and analysing the different trade-offs between these offered by 
competing alternative architectures.  SAAM spawned a number of extensions, and 
other evaluation methods include Scenario-Based Architecture Reengineering 
(SBAR) [9], Architecture Level Prediction of Software Maintenance (ALPSM) [10] 
and A Software Architecture Evaluation Method (SAEM) [11].   

A comprehensive comparison of all methods is not possible within the scope of 
this paper, but a survey of methods published in IEEE Transactions on Software En-
gineering in 2002 concluded that ATAM is the most suitable method, based on crite-
ria proposed by the authors [12].  A framework for comparing software architecture 
evaluation methods, published in 2004, also concluded that “only one method, 
ATAM, provides comprehensive process support” and judged ATAM to be the most 
mature of the eight methods considered [13]. 

The value of assessing different architectures lies in the high cost of changing a 
system once it has been developed.  If a system fails to exhibit appropriate behaviour 
in a key quality attribute it is likely that an inappropriate software architecture has 
been selected.  Correcting such a fault is often difficult, involving fundamental re-
engineering of the solution.  

Modern software development methods, such as Rational Unified Process [14] and 
DSDM Atern [15], place the development of the architecture of a system early in the 
life-cycle, prior to the more labour intensive activity of constructing the software. By 
conducting an evaluation of possible architectures at this early stage, a project is  
able to ensure that the most suitable architecture is chosen before most of the re-
sources are committed to the project, increasing the likelihood of a successful project, 
and maximising the chances that the system will satisfy the wishes of the system's 
stakeholders. 

ATAM involves an intensive review by a team of stakeholders, which might  
include its developers, the system's owner, some users, and those who will have re-
sponsibility for running, operating and maintaining the system. The review team col-
lectively develops a set of scenarios that are placed in the context of the key quality 
attributes by creating a utility tree (where each leaf node is a scenario, and the branch 
nodes are quality attributes). The tree is then analysed for each architectural approach 
that is under consideration, uncovering risks, sensitivity points and trade-off points in 
the tree and deriving a view of the overall utility of each approach. A major benefit of 
this evaluation method is that the assessment of different architectural approaches is 
directly related to those quality attributes that are most important in the eyes of the 
stakeholders for the system under consideration. It reflects the “multi-attribute” nature 
of a system's behaviour and exposes the inevitable trade-offs between the different 
attributes for any one solution. 

The Office for National Statistics has developed a variation of this method to con-
duct its own architecture reviews [16] which evaluates the risk of failing to reach 
desired goals for quality attributes instead of attempting to measure degrees of utility. 
The effect is similar, in that it exposes trade-offs between attributes, but ones ex-
pressed in terms of risk rather than utility. 
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The software architecture evaluation methods described above can be characterised 
as “pre-implementation” evaluations.  They evaluate a design before that design has 
been implemented, and are used to select the most suitable design with the aim of 
reducing the risk that the eventual implementation fails to satisfy the expectations of 
its stakeholders. 

3   Service Evaluation 

The complexity of evaluating services has been the subject of much study, and it is 
beyond the scope of this paper to offer a comprehensive review of the relevant litera-
ture. However, it is interesting to note that a common theme that emerges from much of 
the literature is the complexity that arises from the multi-dimensional impact of making 
a change to a service. This section will focus mainly on the work of those exploring 
public service design and reform, but it is suggested that many of the issues highlighted 
in the public service arena are more widely applicable to other service industries. 

In Evaluating public management reforms [17], the authors highlight the difficul-
ties of evaluating public services and the effects of change.  These difficulties relate to 
the multi-dimensional nature of the criteria, and the authors point out that this is a 
problem shared with, and stemming from, the difficulty of evaluating organisational 
performance [18]. This is further complicated by the perspectives that different stake-
holders will bring.   

The authors go on to consider two criteria that have been proposed by proponents 
of public choice reform: “efficiency” and “responsiveness”.  These are each shown to 
be multi-dimensional with, for example, cost, quantity and quality all being potential 
dimensions of “efficiency”, and “responsiveness” being measurable from a variety of 
stakeholder perspectives [17]. They identify a third multi-dimensional criterion for 
evaluating public service reforms, “equity”. 

In Excellence and Fairness [19], a paper that sets out the UK Government's ap-
proach to improving public services, four criteria are proposed for evaluating the 
extent to which public services can be considered “world class”: “delivering excellent 
outcomes”, “offering personalised approaches”, “being fair and equitable” and “offer-
ing good value for money”.  No formal definition is offered, and whilst these criteria 
are expressed differently from the three mentioned in the previous paragraph, the 
examples given in the paper show that they are similar multi-dimensional criteria, and 
that they share many of the same constituent dimensions. 

Evert Vedung [20] proposes a taxonomy of evaluation models that clearly illus-
trates the multi-dimensional nature of the problem facing service evaluators. Among 
its eleven evaluation models are models for goals, side-effects, stakeholder concerns, 
client concerns, productivity and efficiency measures. 

In addition to the multi-dimensional criteria that might be used to judge a service 
reform, the service will have multiple stakeholders, each of whom may have a distinct 
perspective and different objectives for that service. 

An example public service stakeholder model can be found in Beyond Boundaries: 
Citizen-Centred Local Services for Wales [21] (commonly known as “the Beecham 
review”), which examines the Citizen Model advocated in the Welsh Assembly Gov-
ernment's vision for public services, Making the Connections [22]. It includes the dia-
gram given in Figure 1 below, representing the relationship of services with the public. 
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Fig. 1. The relationship of services to the public 

Taken together with those involved in commissioning, designing and delivering 
services (only some of which are reflected in the above diagram), this is a starting 
point for creating a more complete and commonly accepted view of public service 
stakeholders. It is essentially the same set considered in Evaluating public manage-
ment reforms [17]. 

Public services would appear to have a broader range of distinct stakeholders in 
comparison with those delivered by the private sector.  For example, those who are 
accountable for the delivery of the service may be distinct from those who are respon-
sible for its delivery, and those paying for the service (the source is often ultimately 
taxpayers’ funds) are not necessarily the same as those who use or receive the service.  
However, in today’s world of partnerships and outsourcing, many of these complexi-
ties are to be found in both the public and private sector, and so it is suggested that 
evaluations of all types of service need to consider multiple dimensional impacts from 
the perspectives of multiple stakeholders. 

In the context of services, the term “evaluation” is controversial when applied to an 
examination of a service before its implementation.  In Public Policy and Program 
Evaluation, the author insists that “evaluation is retrospective”, and that “prospective 
appraisals (i.e., scrutinies of courses of action considered but not yet adopted even as 
prototypes), are not included in my definition” [20].  He argues that to include pro-
spective (ex-ante) assessments in evaluation would be to allow the concept of evalua-
tion to “become too diluted”. 

However, he does acknowledge that some leading theorists argue that prospective 
assessment (ex-ante assessment) does belong to evaluation [20]. Among them, Rossi, 
Lipsey and Freeman adopt a broader definition of “program evaluation”.  They in-
clude the design of the programme before its implementation among the five domains 
that may be assessed as part of an evaluation [23]. 

3.1   Service Quality Model 

One service quality model that has been clearly defined and is in widespread use is 
Servqual.  It was developed during the 1980s by Zeithaml, Parasuraman and Berry 
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[24] and is sometimes referred to as RATER, an acronym formed from the model’s 
five dimension; Reliability, Assurance, Tangibles, Empathy and Responsiveness. 

Servqual’s conceptual model highlights the identification and measurement of five 
gaps: 

1. Not knowing what customers expect (the gap between management’s perceptions 
of customer expectations and actual customer expectations). 

2. The wrong service (the gap between management’s perceptions of customer expec-
tations and the service quality specifications of the service provider). 

3. The service performance gap (the gap between the specifications and actual service 
delivery). 

4. When promises do not match delivery (the gap between service delivery and com-
munications from the provider to the customer). 

5. Customers’ assessment of service quality (the gap between customer expectations 
and their perception of what they actually receive). 

The focus of Servqual is on customer expectations and the ability of the service pro-
vider to meet them.  As shown in Section 3 above, the customer is just one of poten-
tially many stakeholders, and so whilst Servqual may seem to be quite comprehensive 
from the customers’ perspective, it cannot be viewed as a comprehensive model of 
service quality.  

3.2   Service Design 

Among the earliest publications to recognise service design as a distinct activity was 
How to Design a Service by G. Lynn Shostack [25]. In it, the author characterises 
services as “processes” and distinguishes services from products as existing only in 
time (whereas products exist in both time and space), and as being unable to be pos-
sessed.  She goes on to apply the analogy of molecular modelling to describing com-
plex entities that may be made up of multiple services and products.  The concept of a 
Service Blueprint is introduced, essentially a process model representing the service 
to be delivered.  The author highlights the relationship between services and computer 
software systems: 

“Since a service is basically a process, service blueprinting rests, as it must, on 
systems that have been developed to deal with processes, acts and flows.  Three sys-
tems are relevant: time/motion or methods engineering; PERT project programming; 
and computer systems and software design.” [25]  

and later: 

“what happens in a computer is often analogous to what must happen in order for 
a service to be successfully rendered.” [25] 

More recent development of tools and methods for service design has seen the ap-
plication of use case modelling, first developed to support systems design in 1986 by 
Ivar Jacobson [26]. 

The link between software systems and services goes beyond the fact that services 
often depend upon systems for their successful delivery.  Both services and systems 
are composed of components that relate to each other, and are performed in time.  
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They are inherently intangible. As Shostack identified, delivery of services and execu-
tion of software systems both involve performing processes. 

The discipline of software engineering has also learnt from the real-world example 
of services. Software components are designed to reflect their architectural compo-
nent counterparts, and the terminology of services is adopted to describe these  
components and their behaviour towards “client” components that call upon their 
functionality. This “service oriented” approach to software design, which is being 
widely adopted by systems developers, further illustrates the similarities between the 
design disciplines applicable to both services and software. 

In the light of these similarities, it is worth re-examining the definition of software 
architecture to see whether it might be amended to apply equally to services:   

“The software architecture of a program or computing system is the structure or 
structures of the system, which comprise software components, the externally visible 
properties of those components, and the relationship among them.” 

Substituting the words service or process for the words software, program and 
computing system results in a definition that is worthy of closer examination: 

“The architecture of a service is the structure or structures of the service, which 
comprise process components, the externally visible properties of those components, 
and the relationship among them.” 

The implications highlighted by the Software Engineering Institute in the context of 
software architecture would appear to be equally valid in the context of Service Archi-
tecture: the architecture is an abstraction defining a set of elements; services comprise 
more than one element with critical relations between them. These are conclusions 
already reached by Shostack, Morelli and other contributors to the field of Service 
Design [27][28].  We may therefore reasonably reach the same conclusion for Services 
that Bass et al. reached for software systems: that all services have an architecture. 

In the same way that well articulated systems architectures perform a valuable role 
in the development and maintenance life-cycles of software systems, so Service Ar-
chitectures can fulfil the same role for services. 

4   Service Architecture Reviews 

It is beyond the scope of this paper to explore all the potential benefits of considering 
an architectural perspective when designing services, but one of those worthy of more 
detailed consideration is the possibility of applying the architecture review methods 
developed in the context of software systems, as outlined in Section 2 above, to Ser-
vice Architectures. 

4.1   Service Quality Attributes 

Given the similarities between services and software systems and the methods appli-
cable to their development, it is perhaps not surprising to see strong similarities be-
tween the quality attributes typically considered in software evaluation (described in 
Section 2) and the dimensions, perspectives and attributes that are typically consid-
ered in the field of public service evaluation (described in Section 3). A re-reading of 
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the ISO standard for software quality [3], the model of which appears in Table 1 
above, with the context of services instead of software systems in mind, supports this.  
Of the dimensions or attributes discussed by the various service evaluation authorities 
cited in Section 3 above, it is perhaps only equity [17] that cannot easily be classified 
within the ISO 9126-1 model. The authors go on to conclude that equity is itself a 
composite attribute, and cite the conceptual framework of Le Grand [29] as a means 
of breaking it down to its constituent attributes.  If any of these are desired outcomes 
of a new service, then it is suggested that these could be classified within the Suitabil-
ity sub-characteristic of the ISO 9126-1 model. 

The concept of equity as a quality attribute may be a key feature that distinguishes 
public services from those delivered by the private sector. However, consumers have 
become more aware of environmental and ethical issues surrounding the products and 
services they purchase in recent years, and so equity may increasingly feature as a 
desirable Suitability sub-characteristic in both public and private sector services. 

Consideration of the Servqual dimensions introduced in Section 3.1 above supports 
the view that the ISO 9126-1 model could be applied to services. Servqual’s Tangi-
bles dimension maps to the Attractiveness sub-characteristic in Usability. Servqual’s 
Reliability dimension maps to the characteristic of the same name, but is also repre-
sented in the Accuracy sub-characteristic in Functionality. Servqual’s Responsiveness 
dimension is represented in both the Time Behaviour and Understandability sub-
characteristics. Assurance can be represented in the Stability and Security sub-
characteristics and Empathy can be represented in the Suitability sub-characteristic.  
The fact that the Servqual model maps to just a small part of the ISO 9126-1 model 
further illustrates how Servqual only covers a portion of the overall service quality 
landscape. 

In the same way that a system can be developed to a number of different architec-
tural approaches, each of which will offer a different set of trade-offs among the qual-
ity attributes, so, it is suggested, can a service be delivered according to a number of 
different service architectures, similarly offering different trade-offs among the service 
quality attributes. A benefit of adopting an analysis and evaluation of architectural 
approaches to delivering a new service prior to its implementation is that stakeholders 
can assess alternative service solutions in terms of the quality attributes and outcomes 
they most highly value. The use of such an evaluation approach ex-ante will create a 
benchmark of expectations that can form the basis for any post implementation evalua-
tion, while also improving the alignment of the service design to the intended pro-
gramme outcomes (hopefully increasing the chances of a successful programme).   

4.2   Service Architecture Review Method 

Service Architecture Review Method (SARM) takes as its starting point the ATAM 
approach from the Software Engineering Institute [8] together with ISO 9126-1 as the 
basis for an accompanying service quality attribute model.  We have already seen 
how the ISO 9126-1 model can be viewed as a superset of the Servqual dimensional 
model.  The language of ISO 9126-1 may at first sight seem difficult to relate to an 
individual service, but it should be noted that ATAM involves mapping the generic 
quality attribute model to project-specific scenarios. These scenarios will be ex-
pressed in the business language with which project stakeholders should be fully 
conversant. 
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Two particular variations from ATAM are proposed for SARM: 

a) It adopts the use of risk instead of utility as a means of comparing and contrasting 
the ability of competing architectures to deliver desired quality characteristics (fol-
lowing the method adopted by ONS); 

b) In addition to analysing risk trade-off from a quality characteristic perspective, it 
adds further perspectives by analysing risk trade-off from the viewpoint of differ-
ent stakeholders. 

For the first of these variations, it is suggested that service designers and stakeholders, 
especially those engaged in the design of public services, might be more conversant 
with the language of risk than the language of utility, and that a solution that draws 
attention to the risk of failure to achieve desired outcomes may be more appropriate 
and is likely to produce more consistent outcomes. This is particularly likely in the 
case of public services, many of which involve delivery of critical, even life-saving, 
services. 

The risk model used here is widely used in corporate risk management.  Each risk 
consists of an agreed level of impact (out of five possible levels), and an agreed level 
of likelihood (also five possible levels). Overall risk exposure is expressed numeri-
cally by calculating the product of the impact and the likelihood levels. At ONS, the 
impact levels range in numeric value from 1 to 6, while the likelihood levels range 
from 1 to 5. Thus overall risk exposure can range from 1 to 30. 

We have seen the importance of assessing services from the viewpoint of different 
stakeholders. To reflect this in SARM, a stakeholder analysis stage is introduced 
immediately following the identification and classification of the scenarios to be used 
in the trade-off analysis.  This stage, which is a new extension of ATAM, requires 
stakeholders to be identified and associated with those scenarios in whose success 
they have either an “interest” or a particularly “strong interest”. 

This is used to generate a simple weighting model so that prospective solutions can 
be viewed through the “eyes” of each stakeholder, with each view focusing on the 
solutions considering the identified risks associated just with those scenarios in which 
the stakeholder has an interest.  

The method involves a collaborative effort from a team of stakeholders and knowl-
edgeable peers. These should be drawn from the stakeholder roles shown in Figure 1 
above, together with those responsible for commissioning, developing, owning and 
running the service, plus some peer expertise if it can be identified. There are four 
phases to the process: 

1. Identifying and classifying the scenarios, 
2. Workshop Preparation, 
3. The Review Workshop, 
4. Completion of the Review Report. 

4.3   Identifying and Classifying the Scenarios 

The first phase involves the identification of scenarios that highlight or illustrate sig-
nificant quality characteristics. The ISO 9126-1 model is used to select the  
characteristics and sub-characteristics that are of importance to the project. As the sub-
characteristics are somewhat abstract, scenarios are created to illustrate the significant 



 Can Software Architecture Review Methods Apply to Service Design? 121 

 

sub-characteristics and place them in the specific context of the project. Each scenario 
is thus associated with a particular sub-characteristic, which belongs to a parent charac-
teristic in the quality model.  More than one scenario may be defined for the same sub-
characteristic, and not all characteristics or sub-characteristics need be represented by 
scenarios. Those that are considered significant will vary from project to project. 

Each scenario is then considered from a risk impact perspective. The question to be 
addressed in the case of each scenario is: 

What would be the impact if the service delivered by the project fails to satisfacto-
rily achieve this scenario? 

An agreed impact level is assigned to each scenario, following the ONS risk model 
described earlier. Next, the stakeholders who have an interest in the project are identi-
fied, and their particular interest in the scenarios is determined. Three levels of inter-
est are possible: “no interest”, “interest” and “strong interest”. The intention is that 
this first phase of the SARM process can take place early in the project, once the main 
goals and scope of the project have been identified and articulated. 

4.4   The Review Workshop 

The dominant activity in SARM is the review workshop. This should have an ap-
pointed chair or leader, for whom facilitation skills are more important than domain 
knowledge. Since the workshop is likely to involve between twelve and eighteen 
stakeholders for a whole day, preparation for the workshop is an important activity to 
ensure that meeting logistics and relevant papers or presentation material are prepared 
in advance. 

Part one of the workshop involves introductions, a description of the business 
problem or goals of the new service and a presentation of the competing solution 
approaches. It is assumed that a number of solution approaches, based on different 
service architectures, have been developed to a sufficient level to allow them to be 
described, and their strengths and weaknesses to be assessed. 

Part two of the workshop involves the collaboration of all stakeholders in conduct-
ing a risk trade-off analysis of the competing solution approaches. This is accom-
plished by collective completion of a matrix, with the scenarios that were identified in 
Phase 1 as the rows, and the competing solution approaches as columns. The inter-
secting cells are used to record an agreed level of risk likelihood. 

Each scenario is discussed by the stakeholders, considering the context of each so-
lution approach in turn. The aim of the discussion is to arrive at an agreed level of risk 
likelihood, in accordance with the ONS risk model described earlier. For each cell, 
this means agreeing the likelihood that the given scenario will not be satisfactorily 
achieved with that particular solution approach. This measure of likelihood can then 
be combined with the previously agreed impact level for that scenario, the product of 
the two representing the overall risk exposure for that combination of scenario and 
solution approach. 

By the end of this analysis, the review team will have completed all of the cells in 
the matrix.  Examination of the matrix will reveal the trade-off between requirements 
that each solution approach represents. Colour-coding different levels of risk exposure 
in the matrix can help to highlight these trade-offs. 
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It is suggested that throughout the workshop, open lists of issues, actions and miti-
gations should be maintained. ONS experience of conducting software architecture 
reviews indicates that “it is often the insights that lead to items being placed on these 
lists that are of the greatest value during the review workshop” [16]. The experience 
of exploring all approaches from a wide variety of perspectives, among a group of 
stakeholders each with varying interests, tends to spawn both insight and creativity in 
terms of issues and solutions. 

Another key benefit of the process is the generation of consensus among the team 
concerning where the greatest risks lie, and which requirements are the most impor-
tant. It is not uncommon for the architecture review workshop to be the first time  
that this broad group of stakeholders has met together on the same day in the same 
location. 

The analysis helps the stakeholders understand how the balance of risks lies across 
the scenario / solution landscape. The purpose of the matrix is not to inform the re-
view team which solution approach they should adopt, but to provide them with better 
information upon which they can base their decision. This is a decision support, not a 
decision making, tool. 

Since the scenarios have been classified according to the sub-characteristics and 
characteristics of the ISO 9126 Quality Model, further insights can be sought by ag-
gregating risk burden by Quality Characteristic. One interesting way of examining 
this information is to calculate an average risk exposure for each characteristic for 
each solution approach, using all of the scenarios that fall within that characteristic. A 
total for each solution approach represents a sum total of risk with equal weight ap-
plied to each of the six Quality Characteristics.   

The aggregate risk measure is not necessarily meaningful in the context of the pro-
ject, since it has been calculated with equal weight placed across each of the six char-
acteristics. Greater insight can be obtained by exploring the same overall information 
from the perspective of each of the stakeholders. It will be recalled that during Phase 1, 
the level of interest of each stakeholder in each scenario was recorded. By applying a 
weighting factor according to the level of interest, the information contained within the 
matrix can be analysed from the perspective of the risk burden carried by each stake-
holder for each solution approach, based on their level of interest in each scenario.  

There will inevitably be conflicts among these alternative “views” of the risk trade-
off information. The review method does not resolve these conflicts, but it does help 
the review team to identify and understand them, and to view them from a variety of 
perspectives. Even where the outcome of a review is not “clear cut”, the method is 
able to help the review team focus its attention on the areas of risk that need to be 
addressed with mitigating actions, and the stakeholders whose expectations are most 
vulnerable. 

4.5   The Architecture Review Report 

Following the workshop, the chair of the workshop prepares the architecture review 
report documenting recommendations, issues and the outcome of the matrix analysis 
for each solution. This report would typically be presented to the programme board to 
guide the decision on which solution approach will be adopted for the new service. 
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5   Future Work 

This paper has set out the case for applying software architecture review methods to 
service designs, based on an analysis of the similarities between software systems and 
services.  The proposed Service Architecture Review Method has been described, and 
adoption of an accompanying service quality attribute model, which was originally 
developed for software quality, has been recommended. With the exception of the 
introduction of stakeholder perspectives, all of the elements in the method have been 
tried and tested in the software world, with ATAM, for example, being in widespread 
use for the past ten years. However, their application to the domain of service design 
is in its infancy. It is suggested that the introduction of this discipline to service de-
sign can bring substantial benefits; a more thorough examination of alternative de-
signs prior to implementation, consideration of all relevant quality characteristics 
from multiple stakeholder perspectives and the establishment of a solid basis for post-
implementation service evaluation. 

The next stage of this research project is the application of the Service Architecture 
Review Method to a number of service design projects to be chosen from the domain 
of public services, and the refinement of both the method and the service quality at-
tribute model in the light of that experience. 

As indicated in Section 4 above, there is also scope to explore the impact of con-
ducting rigorous service architecture reviews prior to the implementation of a new or 
changed service on the ability of a review team to evaluate the resulting service post-
implementation. 

Architecture reviews are just one of the tools and methods that have been evolved 
over the past ten years following the development of software architecture as a dis-
tinct discipline. IT architecture has already given rise to the discipline of Enterprise 
Architecture, whose reach includes service and business function architecture.  How-
ever, there may be other “crossover” solutions that have been developed for software 
architecture but whose applicability to services and service architecture has yet to be 
fully understood. It is beyond the scope of the current project to explore these in any 
detail, but it is suggested that this may prove to be a fruitful avenue of exploration for 
future research projects.  
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Abstract. In England, services addressing the complex needs of peo-

ple with learning disabilities by integrating health and social care are

currently designed in an ad hoc fashion. A structured approach has the

potential to address variable levels of service provision and quality as

well as provide clarity about the purpose and boundaries of the services.

A design process is a series of steps taken to develop a product or pro-

cess from initial needs to final design specifications and implementation.

Currently no structured design process for these complex health and care

services exists. Based on a literature review and an extensive set of in-

terviews and observations carried out in a learning disability service we

suggest a research framework rooted in engineering design to develop an

appropriate design process.

An existing model for design research forms the basis of an exploratory

approach that allows for adaptation to different internal and external

factors and constraints.
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1 Introduction

When designing services which aim to integrate health and social care, one has
to address a set of challenges arising from e.g. a wide spectrum of complex user
needs, large number of stakeholders, cultural differences between health and
social care and a fast changing policy context. A structured set of design steps,
a design process, can facilitate this task. However, the utility of such a process
depends on its ability to address these particular challenges.

We present a research framework for developing a design process, i.e. how to
design the design. Our model is based on an existing framework as a starting
point, and it was modified by research carried out in a learning disability service,
which served as an exemplar for health and care services.
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1.1 Learning Disability

According to the American Association on Intellectual and Developmental Dis-
abilities [1], learning disability originates before the age of 18 and involves signif-
icant limitations in intellectual functioning and adaptive behaviour as expressed
in conceptual, social, and practical adaptive skills. Possible causes can be physi-
cal and/or social. An intelligence quotient (IQ) score of 70 or below is generally
considered as an indicator for diagnosis, but the exact criteria for a diagnosis
may vary between services. While ”mental handicap” or ”mental retardation”
are no longer used, the terms ”intellectual disability” or ”developmental disabil-
ity” have the same meaning.

Having a learning disability means having significant cognitive impairments
and limitations in adaptive behaviour. The resulting needs can be medical but
often go far beyond that. This reflects the main challenge for integrated services.
It is no longer sufficient for health professionals to provide treatment and social
service professionals to provide care. Instead care has to be understood in a more
holistic way. Good health is a prerequisite for delivering social care assistance,
such as housing or day services, while on the other side a stable social environ-
ment is crucial for wellbeing and effective health care. An appropriate service
design process will have to be designed to reflect this. As well as being complex,
the care delivery process is also adaptive [2] and this self-modifying behaviour
needs to be accounted for, too.

1.2 Services

In the England it is the responsibility of the National Health Service (NHS) to
provide health care which is delivered through local primary care trusts. Social
care is commissioned by the local authorities, such as county councils. Besides
their function as commissioners, local authorities often also provide some ser-
vices themselves. For learning disability services, health and social care partners
sometimes pool resources, with one of the organizations formally leading. In
Cambridgeshire, this led to the foundation of the Cambridgeshire Learning Dis-
ability Partnership (Cambs LDP) in 2003 under the lead of the Cambridgeshire
County Council.

Learning disability services in England and elsewhere in the United Kingdom
have seen significant changes over the past two decades. In the 1980s, health care
organizations started closing down the residential hospitals where many people
with learning disability had lived their whole lives with the aim of returning
people to the local communities, a process known as deinstitutionalisation [3].
When dissolving the hospitals, community services started taking their place in
caring for the special needs of people with a learning disability. Since around the
year 2000, following the Health Act 1999, integrated teams have been formed
in which health and social care professionals work together to provide a single
care package. These integrated services aim to blend three components: commis-
sioning, providing social care and providing secondary and tertiary health care.
Primary care remains a responsibility of the primary care trust. Bringing to-
gether expertise from different fields of social care and health services to provide
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seamless care is particularly important not only because learning disability is a
life-long condition but also because of the high levels of co-morbidity [4,5]. Needs
range from behavioural and general mental health problems to issues caused by
independent and associated physical impairments, including visual or hearing
difficulties.

As part of a larger research project on health care delivery, the Cambs LDP
allowed us to examine their service development processes and investigate how
these could be developed into design processes. In the following, we propose a
framework for carrying out this task, based on observations and literature.

2 Service Design

Service design processes bridge the gap between strategic goals and the actual
delivery in a systematic way (figure 1). Designing services in an ad hoc way,
as it is usually done in the health sector [6], concentrates on a solution for the
particular service being designed. On the other hand, a service design process
aims to give guidance on how to design a range of services. This provides a stable
link between the design objectives and the designed outcomes and contributes
to the goal of “getting it right first time”.

Design processes impact on the delivery of care via their influence on care
processes (figure 2). A care process is a coordinated set of activities within care
delivery. This could be a care pathway if defining the patient journey or cross
cutting functions such as appointment booking but may equally describe a whole
service. Figure 2 is idealized as currently the care provided by most services is
still split along the divide between medical treatment and social care. Therefore
the feedback loops between delivery and processes are in reality more ambiguous.
However, in a truly integrated service this divide should vanish.

Projects have been successfully carried out where a team of designers have
worked together with health care experts [7,8]. However, most health care organi-
zations lack permanent expert design capacity. Design capacity is the ability and
knowledge to carry out good design and successfully put it into practice. Design
processes are determined by the exisiting design capacity. However, good design
processes can in return inspire an increase in abilty and knowledge (figure 2).

Fig. 1. Connecting delivery and strategy via the design process
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Fig. 2. Idealized relationship between care delivery, the care process and the design

process

This could be achieved by hiring people with a design background or affinity
for service development roles. A second option is to provide design knowledge
and tools to non-specialist designers, specialists in a particular domain without
explicit training in design. The options are not mutually exclusive.

Designers will bring design capacity to the organization and are familiar with
design processes. This knowledge can be passed on and spread to the people
involved in service design and development. If there are no permanent expert
designers within an organization, co-developing a design process with experts
is a first step in building capacity and can help ensuring that future projects
are well designed. Further steps could include the introduction of design tools
and looking into which factors are constraining creative solutions. The need for
bringing design thinking into health care delivery has been recognized by the
NHS which led to an adoption of the Experience Based Design approach for the
NHS [9]. This approach consists of design tools and methods which have been
successfully applied to service improvement projects [8].

A review of the available literature returned several examples of the application
of design thinking to health care services. However there were no existing design
processes specific for learning disability services. The existing general models were
either too limited in scope [9,10] or too inflexible, lacking a sufficiently wide sys-
tems view and exclusively targeted at service improvement [11]. Models used by
commercial design agencies also fell short in meeting the requirements we identi-
fied in a exploratory study of the issues faced in our exemplary service.

This exploratory study consisted of investigation of the current local prac-
tice by interviewing key stakeholders and analyzing documentation. We found
that in particular the issues caused by combining two culturally quite different
service types, health and social care, were insufficiently or not at all addressed
by the existing models. We therefore decided to investigate in more depth how
the service was originally developed and continues to evolve in order to draw
conclusions on how to build a suitable service design process.
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The foundation of the Cambs LDP was driven by national legislation and
carried out by the management of the constituent partners. Examining docu-
ments from this period and interviewing senior managers, no formal or informal
design process is evident. The procedure contained elements of staff and user
consultations, drafting business plans and piloting. However, there is no evi-
dence that these were embedded in an overarching process that could assure
the link between objectives and outcomes. This ad hoc fashion of developing
services is repeated in designing organizational structures as well as individual
care arrangements. There are usually design elements, such as a need analysis or
a pilot, but a more structured approach can provide more transparency and ef-
fectiveness. This could be achieved by designing in creative elements which may
lead to innovative and more effective solutions. However, one of the strengths
of the current system is that is allows flexibility for the range of conditions a
learning disability service has to deal with. Thus a design process must not be
too prescriptive.

3 Proposed Research Framework

Blessing and her co-workers proposed a general design research methodology
whichw as aimed at improving the process of designing products [12]. In order to
successively answer the questions of what is a successful process, how to create it
and how to improve the chances of it being successful, they propose starting with
problem definition-based success criteria. This is followed by a descriptive study
to reveal chains of cause and effect between influencing factors and the success
criteria. Based on these insights, methods are then developed in a prescriptive
step and the outcomes evaluated in a final descriptive stage. Verification takes
place by comparing the final description with the success criteria, as well as the
situation pre-intervention.

When this methodological framework was applied to learning disability ser-
vices, we encountered two main challenges. Compared to product design there is
an even larger number of influences to consider. The initial problem definition is
usually vague, due to the numerous stakeholders and possible ways of addressing
the problem. Thus an initial phase of gaining familiarity with the field is neces-
sary. At the same time, health care services are under public and media scrutiny.
The government reacts to these pressures with frequent new guidelines and poli-
cies. Between just two strategic plans, one by the local authority and another
one by the Cambs LDP, thirteen different influential national policy documents
are mentioned [13,14]. This reflects a very fast changing environment to which
service designs have to adapt.

The methodological framework put forward by Blessing et al needs also mod-
ification, as our aim is not the development of a particular service but rather
the design of a general design process for care services. We therefore dedicated
a separate stage to the actual development of the design process, which is then,
according to the original model, implemented in the prescription phase.
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Fig. 3. Proposed research framework corresponding to classical engineering design lan-

guage (right hand side), according to e.g. Pahl and Beitz [15]. The dark boxes on the left

hand side are the stages in the original Blessing et al [12] design research methodology.

3.1 Initial Descriptions of the Design Task

From our experience and from comparing literature [8,16,17,18,19,20,21], we
found that in designing a care service the initial problem statement is usually
more diffuse than in product design. Although product design is influenced by
numerous factors which have to be taken into account, it is ultimately limited
by the laws of physics and mechanics. By contrast, in service design the range of
options is much wider and knowledge is less centralized. When designing a new
product one usually deals with clearly defined roles which are linked to certain
pieces of knowledge, e.g. engineers knowing what is technically feasible. This is
less so the case in health care services. It might take considerable effort to locate
information and subsequently create a common base of understanding. This is
in part due to frequent changes in structures and roles which have taken place
in the NHS in recent years and poor knowledge systems but also due to different
professional viewpoints.

For the product design process put forward by Blessing et al, the initial need
has to be sufficiently well defined to derive tangible criteria for success. These
criteria serve in the following as the lens for context exploration. When we tried
to define criteria for a good service design process, we found that our identified
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need, a better design process, was too broad to enable us to develop criteria that
were meaningful.

The role of a process framework is to provide guidance which steps need to
be taken. However, in this case we felt that we would already need to know
which steps we want to take in order to be able to use the framework. Thus
an exploratory descriptive phase (description 0) was necessary to familiarize
ourselves with the field of learning disability services. This included investigating
the expected and actual roles of stakeholders and locating knowledge. When
complemented with a review of available literature [8,17,15,20], this enables us
to develop an idea of what a successful service design would look like. Instead
of criteria, we prefer to name this stage vision. Criteria imply a fixed set of
measures. However, during a project new insights might arise which can lead
to a modification of these original measures while the overall goal persists. We
therefore separate the general idea behind the solution, the vision, from more
defined sub goals or themes, which are revisited and modified. These themes
will be explored in detail in the more focused description 1 phase, where the
identified vision guides the information gathering. At the end of this phase we
aim to obtain a comprehensive set of themes and an in depth understanding of
the relevant aspects of the organization.

The requirement of initial knowledge for defining success as well as the it-
erative process of descriptive work and refining themes, is also observed as a
general feature in specific service design projects. As part of a national initiative
of the Design Council, a project asked how they could improve the lives of people
with dementia and their carers. The team consisted of a design firm and staff
from the Alzheimer Society, which provided the background knowledge to shape
the initial question into a more general vision. Instead of focusing on measures
and medical intervention, the project would look at patients’ experiences. Key
themes were then derived in an iterative matter and developed into concepts
[7]. Applied to our framework for service design, equivalent concepts would e.g.
relate to essential elements of design or how the particular environment can be
taken into account within the design process.

3.2 Design Process

When designing a service, as in the example of people with dementia, the themes
and insights of description 1 are the base for the development of concepts for new
services. This is referred to as prescriptive phase. However, we aim to develop
a general concept of a learning disability design process, which requires some
additional modifications.

In the initial description 0 phase, we gained the impression that there are
strong external drivers for both health and social care. These influence the struc-
ture, priorities and philosophies of the service. One Cambs LDP manager esti-
mated that in the past, the structure of the organization changed about every 18
months. Contrary to the idea of a decentralized NHS, with most of the budgets
held by local primary care trusts, which enables care according to the needs
of the local community, the major priorities appear to be set externally. One
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example are the seven outcomes set by the document “Our Health Our Care
Our Say” [22], which form the backbone of the Cambs LDP Commissioning
Strategy [23]. Failure to comply with these external drivers will have a negative
effect on performance indicators or other measures which determine funding lev-
els and trust ratings. This is not likely to change, as health and social care can
attract a high level of public interest. Particularly after tragic events this leads to
pressure for action, as happened in the case of six people with learning disability
whose care and treatment in hospital was well below accepted standards [24].
Thus a general design process needs to be robust and able to adapt to changing
policy environment.

To achieve this robustness, we first aim for a model of how to design a service
that is un-constrained, i.e. in an ideal world. This allows for a consensus on the
features of a best-case solution. The adaptation of the process to the conditions
of the particular situation will take place through an adaptation process; this
allows flexibility to adapt to different real world scenarios - given the rapid rate
of changes in policy and the frequent restructures - this was deemed an essential
feature. The additional advantage of first creating an ideal world design process is
that this provides guidance about the conditions to aspire to when implementing
new policy or reaction to an organizational restructure. We chose the solution
of an adaptation step because we deem it essential to have a clear idea of what
the ideal world solution would be, even if current circumstances do not allow for
it to be implemented without modifications.

3.3 Prescription and Final Description

The final two phases of the framework are in line with the original Blessing
model. Depending on the results of the previous steps, changes and actions
are prescribed. For a service this will include the specification of the concept
which was agreed upon. For a design process the prescription will likely take
the form of methods and tools as well as actions linked to the implementation
and dissemination. The description 2 phase is examines the situation after the
changes have taken place. Verification is sought by comparing the final with the
initial situation, as captured in description 1 and by comparing the final “as is”
situation with the intended “to be” situation of the prescriptive phase.

4 Framework as an Engineering Design Process

The right hand column in figure 3 links the design process to the typical language
of engineering design. This is to understand the proposed method as a design
process in itself and to root it in a tried and tested approach for addressing
complexity. The definition of requirements stands alone in order to stress its
importance for the design process. It is preceded by a stage of gaining a general
understanding of the problem. In the original model by Pahl and Beitz, these
two stages are combined in a clarification stage.

The conceptual phase will take place towards the end of ”description 1” and
as the basic features of an ideal design process are determined via the vision and
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themes. Embodiment design is the phase in which the concept is turned into a
practical solution. The individual parts, their functions and interrelationships are
sketched out without going into detail. In figure 3 this sits between the ideal and
the real design process, where a particular solution is selected. Decisions about
the structure can be made without knowing the particular situation the process
will operate in, but may have to be altered once this knowledge is available.
This is the case in the detail design phase which is specific to the particular
environment and thus has to be done individually for the ideal and the real
process. Figure 3 depicts the design of the real world process and therefore
omits the ideal world detail design stage. The ”prescription 1” is the phase when
the design process is actually implemented. The design of the implementation
and the subsequent monitoring are essential to the design process but tend to
be neglected by designers, which can lead to the unfortunate situation of a well
design product or service failing because of inadequate understanding of adoption
and implementation [25]. The prescriptive phase also should be used to verify the
design against the requirements set out earlier by asking whether the right sort
of service was designed. This is a prerequisite for the later phase of validation
where ”description 2” is compared with the initial problem specification to assess
whether the service has been designed in the right way.

When applied to a typical engineering design problem, the different stages in
the Pahl and Beitz model all involve widening the scope, generating a range of
options and subsequently narrowing it back down for the beginning of the next
phase. In the clarification stage, starting from the initial problem statement,
the solution space is widened by analyzing the underlying true needs. Once the
real problem is understood, the focus can be narrowed down again by specifying
requirements for a solution. This refocusing in order to ensure a thorough explo-
ration of all possibilities is repeated in the conceptual, embodiment and detail
design phase. The output of the previous stage is expanded, multiple options
are generated and the most suitable one selected to be the starting point for
the next phase. The initial phase of our proposed research framework shows the
same characteristics. Starting from the question how to design a design process
for health and care services, the exploratory phase opened up a wide field of
issues concerning to need for and use of such a process. This will be eventually
narrowed down to a concise set of requirements. As a complex problem requires
a sound exploration of the solution space, it seem likely that the conceptual,
embodiment and detail design phase of developing the design process will also
be carried out in a similar exploratory fashion.

5 Conclusion

The proposed model is a the design of a design process based on the principles
of engineering design. It aims to guide the development of an adequate service
design process when existing models fail to address the complexity of the task.
This process guides the work of experts and also allows non-experts to incorpo-
rate good design in their services. As such it follows steps which can be traced
in existing successful service design projects [8].
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In this regard, our proposed framework can already serve as a rudimentary de-
sign process. However, from our initial observations we feel that a service design
process needs more detail to provide meaningful guidance. There are essential
features to good service design, such as an analysis of stakeholder purpose and
values, which are not covered by the framework.

We identified two main characteristics for health care service design. Firstly,
an initial exploratory phase is important to acquire the necessary background
knowledge. Secondly, a more gradual build up of success criteria via vision and
themes is a more realistic description of the research process. We identified a fast-
changing policy context as another issue, which we suggest addressing through
a two step process. In the first step agreement is reached on the solution in an
ideal world; in the second an adaptation step takes into account the particular
circumstances. Changes in context can then be absorbed by the adaptation step
and do not require a complete redesign. Rapidly changing context also present
a challenge in other fields attracting public interest, such as environment or
education. A service design process which addresses this and allows flexibility to
react to changes, is more robust and will, ultimately, be more useful.
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Mark Hall, Alison Lillywhite, Liz Jones and Sallyanne Broughton. EMH also
thanks the Gates Cambridge Trust and the EPSRC for their financial support.
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Abstract. This paper introduces our ontology-based approach for developing 
sustainable services. After studying the current trends in technology and econ-
omy, we underline the importance of the services semantics and the role of  
ontological domain knowledge in creating intelligent services. We propose to 
put them into the core of the services information kernel, which capitalizes the 
knowledge indispensable for defining and creating services. To do this, we  
develop an approach for creating services based on their information kernel that 
guarantees their functionality, semantic coherence and sustainability. Finally, 
we discuss the conceptual methodology of its implementation as a cross-
pollination space. The paper is concluded with the perspectives of the ongoing 
work and the priorities of our future research.  

Keywords: Services, services-oriented economy, sustainable services, service 
support, ontologies, knowledge capitalization, knowledge actionalising, infor-
mation kernel of services, semantics of services, service innovation, service 
value creation, creation of usage environment, cross-pollination space. 

1   Introduction 

The service sector is believed to become one of the major sectors in the global econ-
omy that has gained the name of services-oriented economy, where services are put in 
the core of all economic processes, as well as this, they are widely used in paradigms 
of conceptual modelling and technical implementation. 

The importance of services have significantly increased in the context of the 
knowledge society [15] and especially, thanks to the development of the information 
and communication technologies (ITC), which facilitate the development and value 
(co)creation, as well as remove the geographical boundaries for these processes. 

One of the essential characteristics of the current trends in economy and technol-
ogy is the service orientation at multiple levels of technology and business. It states 
that everything (i.e. good or activity) is seen as a service, and is analysed by an inter-
disciplinary approach of services science that brings together study, design, and  
implementation of services in which specific arrangements of people and technologies 
take actions that provide value for others [10]. Consequently, the service-oriented 
architecture (SOA) turns out to declare one of the leading visions for the systems 
development and integration [11]: the services-based systems.  
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It is remarkable that these current services-oriented trends also offer opportunities for 
information and communication technologies, which are traditionally structured around 
isolated or specific services, to spread over transdisciplinary branches of science and 
business, as well as to disseminate interoperable scientific knowledge and the practical 
intelligence [23] throughout these domains. As a result, services-oriented information 
and communication technologies contribute to the development of the knowledge soci-
ety, since they are one of the main characteristics of the knowledge society, from one 
hand, and they offer tools for co-creation of this new type of economy.  

Another difficulty our society has to consider is the problem of sustainable de-
velopment. In this context, we are interested in the role of services in sustainable 
development and are particularly focused on the phenomenon of sustainability of 
services. In this context, the accent is put to sustainable services, which we envisage 
as services that are capable to adapt to their environment, to dynamically integrate 
the ever-changing conditions of the environment, and as such to be sustainably 
coherent with its evolving challenges. 

In order to meet these objectives of sustainable development [19], we also study 
how to use services to identify the sources of added value, to elaborate an approach 
aimed at facilitating effective diffusion of scientific knowledge and technology trans-
fer, and to develop knowledge infrastructure and networks. 

Inspired by these challenges, we thus focus on the complex problem of creating 
sustainable services, which transversally guides the development of the current soci-
ety, its economical, technological and social aspects.  

This paper is structured as follows. In Section 2, we discuss the current research 
concerning the different aspects of this problem: service modelling, semantics aspects 
of knowledge representations and use of domain ontologies, as well as the problem of 
sustainability, in general, and sustainable services, in particular. Section 3 synthesises 
our ideas concerning the problem of services development. We introduce our inte-
grated approach for the development of the information kernel, which defines the 
semantics of services. We also show that the proposed methodology is based on the 
cognitive knowledge of services, and as such contributes to the development of sus-
tainable services and, moreover, it ensures their sustainability. In order to underline 
the practical interest of our hypothesis, we propose an ontology-based approach for 
development of the so called “cross-pollination space” (CPS) that is discussed in 
Section 4. To conclude, Section 5 identifies some limitations of this ongoing work 
and defines the scope of the perspectives of this research. 

2   Related Research: Services, Ontologies, Sustainability 

The central topic of our work is the research in the field of services science.  Gener-
ally speaking, the notion of services science, or more precisely, Service Science, 
Management, and Engineering (SSME), is a term to describe an interdisciplinary 
approach to the study, the design, and the implementation of services systems. SSME 
includes three parts: Science, Management and Engineering parts [22], and is, in fact, 
the science resolving the complex interdependence of them.  

According to this vision, services are seen as the utilizations of specific compe-
tences such as knowledge, skills and technologies of an economic entity for the 
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benefit of another economic entity [16]. In that case, value creation occurs when a 
resource is turned into a specific benefit. This activity, the resourcing, is performed 
by a service system. Consequently, the traditional supply chain is re-conceptualized 
as a network of service systems, called a service value creation network [17]. 

Services are characterised by four main factors [24, 16]: (i) information is the 
core element of the design, production and management of services, so services are 
information-driven; (ii) customers are co-producers of services, they may require 
the adaptation or the customization of services, so services are customer-centric; 
(iii) digital orientation of services is explained by the achievements in information 
and communication technologies, the (semi)automation of main services-oriented 
activities and the creation of new domains: e.g. e-commerce, e-business, e-
collaboration, e-government, e-environment; and (iv) services are driven by the 
performance criteria and as such are productivity-focused. 

The second axis of our research is devoted to the problem of increasing the seman-
tics of services and, as a result, of modelled information systems, in which they are 
(or might be) integrated.  

Modelling of services and information systems that integrates them by increasing 
their semantics is not new. This problem is actively studied by multiple research 
schools, and various approaches [5, 21] for integrating domain and context knowledge 
have been developed.  

There are three main ideas for the enrichment of the semantics of information sys-
tems and services.  

First, the most general one is to develop more expressive knowledge bases to be 
used by services [12].  

The second idea details the first one and focuses on the development of domain-
oriented ontologies, where knowledge is fed on the usage of information systems and 
services [26].  

The third way of enriching the semantics of information systems and services is 
based on the hypothesis that there are semantic correspondences between several  
industry-specific taxonomies. If one identifies the semantic correspondence between 
taxonomy with lower semantics and the one, which semantics is higher, one can apply 
the taxonomy from the higher semantics to the system or service, which initial taxon-
omy was less rich. As a result, it also contributes to the interoperability of information 
systems and services. This approach was applied in [9] for the interpretation and dis-
semination of regulations through taxonomies. 

Such a general vision of ontologies as instruments for formalising the semantics 
was one of the keystones for our previous research [27]. In this work, we particularly 
focused on knowledge capitalisation: i.e. acquisition, representation and dissemina-
tion of the domain expert knowledge, which always turns out to be tacit and hardly 
formalisable. As one of the practical results of this research, we demonstrated the 
effectiveness of ontologies as knowledge capitalisation tools. Indeed, they allow: (i) 
formalising domain tacit knowledge; (ii) integrating the results of the usage-based 
validation of domain ontologies; and (iii) enriching them by the knowledge acquired 
from the usage of its systems or services. This work also re-questioned the problem 
of modelling of service-based information systems by integrating two recently most 
significant approaches: services-oriented and ontology-based ones. In fact, we 
showed that the integration of these complementary visions into an unique approach 
is possible thanks to the identification and capitalisation of actionable knowledge [1] 
resulted from the personalisation and the consumption of content [7] by services and 
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information systems. The extracted actionable knowledge could then be added into 
the initial domain ontologies. This, from one hand, increases the semantic expres-
siveness and consistency of domain ontologies, and, from the other hand, can be 
used by services to dynamically enrich their services semantics.  

From a different perspective, the problem of sustainable development has recently 
regained the interest in the scientific and industrial environments. This phenomenon can 
be explained by the current requirements of the modern society, the lack of different 
kinds of resources that are necessary for human activities, as well as the transdisciplinar-
ity of sustainable development. Indeed, this problem is very complex, as it comprises 
environmental, economical, social, and technological aspects; and needs to be integrated 
into the process of economic growth and social coherence of our society. This explains a 
large number of various researches devoted to sustainable development.  

In the context of our research, we discuss several research viewpoints that synthe-
sise main characteristics of sustainable development from the side of the knowledge- 
and services-oriented economy. The identification of the main characteristics of this 
process helps us to identify the further research challenges related to sustainable  
development, in general, as well as to clarify the role of services in this process and to 
guarantee the sustainability of the services, in particular.  

The concept of sustainable service has been defined in [8], where the authors 
identify three factors for sustainable service excellence (or "health factors") which 
are to be examined in the three phases of the service system lifecycle: infancy phase, 
maturity phase and reincarnation phase. The first factor is value co-creation: the 
collective value creation for all parties inside and outside the service system. It 
represents the mindset of the service system as it guides its activities. The second 
factor is balancing of innovation and commoditization activity dynamics, which 
realises the value co-creation goals. The third factor is the configuration of service 
systems resources, i.e., people, organization, technology and information. These 
three factors play an important role in service innovation. For example, in [2], the 
authors present their Sustainable Service Innovation Process (S2IP), which is based 
on a participatory and collaborative approach to support the development of innova-
tion services. S2IP is made of several iterative processes, such as: Service Value, 
Service Design, Service Promotion, Service Management and Service Capitalization, 
which may be executed in parallel. The innovation sustainability of services is then 
supported through a strong tie with its users. 

Generally speaking, the research of the sustainable development reflects the inter-
dependence of cognitive aspects of the exchanged information and the fundamental 
role of knowledge in sustainable development. In the reflexions on reconstructing the 
cognitive world [25], the author focuses on recent work in artificial intelligence-
oriented robotics, by discussing the nature and status of representational explanation, 
and whether cognition is computation. This leads to a conclusion of the necessity of 
the cognitively rich fundamental concepts that, from one side, describe the context of 
the knowledge society and, from another one, define principles serving as deep  
assumptions of the sustainability. 

The analysis of these various researches leads to the intuitional hypothesis of interde-
pendence between the sustainability of services and the knowledge- and services-based 
economy. This preliminary analysis helps us to consider that services become the  
factors and engines for sustainable development. In other words, we aim to show that 
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the development of the society relies on and leads to creating and using sustainable 
services. These ideas are discussed in more detail in Sections 3 and 4. 

3   Towards Sustainable Services 

In this section, we introduce our vision on a sustainable service by building its infor-
mation kernel, as well as by arguing the impact of its kernel on its sustainability. 
First of all, let us clarify our understanding of sustainable services. We envisage a 
sustainable service as a service that is capable to adapt to its environment, to dynami-
cally integrate the ever-changing conditions of this environment, and as such to be 
sustainably coherent with its evolving challenges. 

It is important to underline that the development of our vision on services takes 
into account three main keystones in the current transdisciplinary trends (i.e. econom-
ics, IT, social sciences, etc.). First, we focus on the importance of the semantic consis-
tency of services-related knowledge and the leading role of knowledge in services 
engineering and implementation. Second, we propose a schematic description of a 
formal definition of the information kernel that identifies the content of services and 
the feedback of their usage. Third, we establish a parallel between two essential  
phenomena that characterize services: the semantic coherence to domain ontologies 
and the services sustainability. Thus, we argue that the information kernel is in fact 
the tool and the environment for developing sustainable services that not only takes 
into account their domain semantics, but also allows enriching it dynamically, accord-
ing to the results of services functioning and usage. 

3.1   Identification and Usage-Based Validation of the Information Kernel of 
Services  

Among main starting points motivating our research on creating sustainable services, 
we particularly focus on the following ones: 

 enriching the semantics of services; 
 underlining the importance of the semantic consistency of the corresponding 

knowledge bases and ontologies; 
 identifying the content of services by formalising it as an information kernel; and; 
 mutualising the roles of service providers and service consumers (“Service provid-

ers are becoming service consumers” [22]) that is typical for services development. 

Before presenting our ontology-based approach for developing the information kernel of 
services and due to the variety of multiple definitions of ontologies in scientific litera-
ture and business practices, we find it important to precise the semantics of this term.  

In the context of our research, the ontologies for the development of services are 
viewed as knowledge bases that can be characterised by the following characteristics: 
(i) ontologies allow the formal representation of the knowledge, which is mandatory 
for the development of services; (ii) the knowledge defined by ontologies is non  
contradictory and shared by domain experts, as well as by users of these services; (iii) 
this knowledge is sustainable: it can not be doubted during the development and  
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usage of services. In other words, this knowledge is valid during the whole services 
lifecycle. 

Another important remark that drives out research on creating sustainable services 
is the comprehension that a particular attention should be given to the dualistic nature 
of the design, production and management of services. On one hand, these services-
related activities are based on knowledge bases (or ontologies, in a broader meaning). 
On the other hand, the results of these activities can be capitalised and integrated into 
services themselves, in order to increase the consistency of initial knowledge bases. 
This is the main principle that we take into account in the development of the infor-
mation kernel of services.  

To develop the information kernel of services, we propose a three-level ontological 
model1. The first (upper) level is ontological, it comprises all ontologies needed for 
services functioning: e.g. meta-service ontology, domain ontologies, law ontology 
containing rules and regulations concerning the modelled domain, organisation 
and/business process ontologies, etc. The second (lower) level corresponds to the 
implementation of services: (i) it allows acquiring the usage-based knowledge from 
the results of the implementation of services; and (ii) the technological implementa-
tion: models, technologies and tools used for services design and functioning.  The 
third (intermediate) level is the information kernel itself. It is developed as a concep-
tual model of the exchanged knowledge, concretises the semantics of services and is 
based on shared concepts, roles, business rules and integrity constraints of the service 
(seamlessly connecting the level of ontologies and the implementation level and  
ensuring the coherence of all service activities). 

The development of the information kernel is based on the process of actionalising 
the knowledge [1] related to services.  

First, we define the causality of the actionable knowledge of the practical domain 
(cf. Figure 1, stage A), i.e. the knowledge from the ontological level that might be 
useful for services. Second, we detail the scope of the domain knowledge to be  
actionalised in form of key concepts and relationships between them and the onto-
logical rules for actionalising this knowledge (cf. Figure 1, stage B). Third, we study 
if they are shareable by all elements at the ontological level, and define those which 
are (or may be decided) shared (cf. Figure 1, stage C). Fourth, we analyze the results 
of the implementation (cf. Figure 1, stage D) of services and the semantics of the 
usage of concepts and relationships of the information kernel (cf. Figure 1, stage E). 
Fifth, we check if the knowledge acquired from the usage is shareable by all elements 
of the initial ontologies, transform it in shared concepts and integrate it into the  
information kernel (cf. Figure 1, stage F). Finally, we modify the initial ontologies 
(cf. Figure 1, stage G) and the services related to actionalising the knowledge (cf. 
Figure 1, stage H), in order to dynamically update the information kernel, according 
to the actionalised knowledge.  

Therefore, actionalising of knowledge is the core process of our approach for  
developing the information kernel of services. It is transdisciplinary, since it relies on 
services and ontologies, and “cognitive”, since it integrates not only the knowledge of 
 

                                                           
1  The first results of this approach were discussed in out previous work [27]. In the context of 

this research, we present an enriched approach that particularly emphasises the interdepend-
ence of services and information systems, which (may) implement them. 
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Fig. 1. Information kernel 

initial ontologies (e.g. domain ontologies, laws and regulations, etc.), but also the 
knowledge acquired from the usage of services. The development of the information 
kernel contains thus the usage-based validation of its semantics during the process of 
usage. 

3.2   Co-creation of the Information Kernel of Services and Sustainability 

In the previous section, we showed how the development of the information kernel of 
services is dynamically validated by the usage of these services. This leads us to an 
idea that the presented methodology preserves and enriches the semantics of services 
and as such it contributes to the development of sustainable services. 

Indeed, the development of the information kernel of services by actionalising the 
knowledge shows, in fact, that services have a double role in this process: they serve 
as a tool for such actionalising, and, at the same time, contribute to the creation of the 
environment, where such actionalising is elaborated. In other words, services are both 
the tools and the environment of co-creation and usage, in other words, the sustain-
able development of services.  

We particularly underline the practical importance of services for sustainable  
development that contribute both to the development and implementation of informa-
tion systems, but also guarantee the coherent co-creation of its fundamental concepts, 
and as the result, (in its complexity) the sustainable development of the design princi-
ples of the knowledge society. We argue that services become the key element for 
knowledge value creation that is achieved by actionalising the knowledge related to 
corresponding domain ontologies. We claim that it is the actionable knowledge [1] 
that forms the basis for the cognitive information.  

In the scope of this paper, we do not particularly focus on the interdependence of 
the phenomenon of sustainability of services and the sustainability of services-based 



 Towards an Ontology-Based Approach for Creating Sustainable Services 143 

 

economy: this represents another axis of our future work. However, we find it impor-
tant to capitalise the conclusion that actionalising of knowledge, as a key component 
of the information kernel, is the main means to ensure the sustainability of services, 
since it contributes to the development, implementation and usage validation of the 
knowledge from services-related ontologies. 

3.3   Towards Defining Sustainable Services 

While developing our ontology-based approach for building the information kernel of 
services and demonstrating the impact of the information kernel to sustainability of 
services (cf. Section 3.1, Section 3.2), we have identified some important aspects that 
can be envisaged as classifying characteristics for defining a sustainable service.   

Let us summarise them in a definition of a sustainable service as follows. 
First, according to our initial vision, a sustainable service is a service that is capable 

to adapt to its environment, to dynamically integrate the ever-changing conditions of 
this environment, and as such to be sustainably coherent with its evolving challenges. 

Second, a sustainable service is dynamically built thanks to its information kernel 
that relies on domain, legal and knowledge ontologies and defines the semantics of 
services. 

Third, according to our approach for building the information kernel, we propose a 
methodology for capitalising tacit knowledge related to the usage of services. In other 
words, we discuss how tacit domain knowledge can be acquired, formalised and  
enriched in the process of using a service.  

Fourth, the dynamic process of building the information kernel also implies the  
usage-based validation. Indeed, some of the knowledge from the information kernel 
will be dynamically detailed and updated by practices of usage, and as such a new 
semantics will be identified and integrated into the information kernel.  

Fifth, sustainable services are largely based on ontologies – formalised as knowl-
edge bases and non-formalised expert knowledge, as well as transdisciplinary common 
practices. It is thus very important to ensure this transdisciplinarity – of ontologies, 
practices, actors and types of knowledge. One of the possible ways to do this is, to our 
viewpoint, the introduction of the cross-pollination space (CPS) that represents a plat-
form supporting the creation of new domain services. A more detailed description of 
the CPS is provided in Section 4. 

We find it important to underline that the definition of a sustainable service that we 
schematise in this section is build dynamically, according to its main characteristics, 
and is only one of the possible definitions. We do not claim its completeness and/or 
uniqueness, but point to the necessity of the further research on its enrichment. How-
ever, we envisage these identified characteristics to be essential for the definition of a 
sustainable service.  

The reflexions on the nature of sustainability presented in this section, as well as 
the conceptual approach for the development of the information kernel of services, are 
the milestones of our conclusion that services become the factors and engines for 
sustainable development. We demonstrated their leading role in value co-creation and 
showed how this process guarantees the sustainability of services. As a result, the 
development of the knowledge society might be considered as the one that relies on 
and leads to creating and using sustainable services. 
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4   Services-Based Approach for Development of the  
Cross-Pollination Space 

In order to concretize the findings on the development of sustainable services, pre-
sented in Section 3, we introduce here the concept and the general framework of a 
cross-pollination space (CPS), which development is based on the information kernel.  

CPS is a platform for enabling the creation of new domain services (domain  
services examples are: "electronic voting" in the domain of e-Government or "mo-
bile health" in the domain of electronic medicine). This platform aims to support 
collective, transdisciplinary and co-creative activities for the generation of ideas. It 
mostly intends to act as support in the innovation phases of a service lifecycle2 for a 
sustainable development of this latter. In order to fulfill these criteria of sustainabil-
ity for the service it aims to support, the platform is built (i) on an information  
kernel, (ii) around ontological bases, and (iii) to integrate actionable knowledge (via 
usage-validation).  

Briefly, the cross-pollination space originates from the concept of think tank for its 
transdisciplinary and ideation activities, but also from the Swiss concept of initiative3, 
which empowers the Swiss citizens with the right to make a request to amend a con-
stitutional article, or even to introduce a new article into the constitution. 

The general frame of the cross-pollination space partly lies on the coordination 
theory [18] linking the following components (and their respective processes): goals, 
activities, actors and interdependencies. In order to enrich these components, we add 
the component Ontologies and link it with other ones. Thus, the cross-pollination 
space bloc components are as follows: Ontologies, Actors, Activities and 
Missions (cf. Figure 2). 

One may consider the CPS as a service upon domain services. Indeed, as well as do-
main services, the CPS is built on top of an information kernel as it has been described 
above (cf. 3.1). A CPS instance is made of an information kernel which comprehends 
four aspects : static (classes and relationships), dynamic (transactions), reglementary 
(integrity rules) and responsibility (actors, roles). The static aspect of the information 
kernel is derived from a first ontology on the basis of a set of derivation rules. A simple 
example of derivation rule (DR) from the ontology to the information kernel may be the 
following: 

DR:  ∀c ∈ OntoConcepts, ∀r ∈ OntoRelations  ∀cl ∈ InfoKernelClasses, 
∀rl ∈ InfoKernelRelations → c=cl ∧ r=rl 

Once this first derivation rule is applied to the initial ontology, three more rules need 
to be applied in order to build the CPS information kernel from a first ontology: 

NR: The necessity rule which requires that each concept/relation be  
indeed related to the team's mission.  

                                                           
2  A service lifecyle is composed by: Service innovation, Service exploration, Service engineer-

ing and Service sustainment. 
3  Rights to a popular initiative 
  http://www.ch.ch/abstimmungen_und_wahlen/01277/01283/index. 
html?lang=en] 
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Fig. 2. Conceptual frame of the cross-pollination space 

SR:  The shared rule which requires that each concept/relation be  
   accepted by the team members as initial shared knowledge base. 
IR: The irredundance rule which requires that each concept/relation in 

the team's members set be irredundant. 

Thus, a contextual information kernel is architectured for the CPS instance of one 
team to support its innovative work towards service innovation.  

For the CPS, we define three main types of ontologies: (i) legal ontological base; 
(ii) domain ontological base; and (iii) knowledge ontological base. The Legal onto-
logical base is the repository where statutory, regulatory and case laws are stored. 
Fragments of laws are indeed of great importance for the creation of electronic 
services in several contexts, such as e-government or electronic architecture.  
E-government services must not only comply with governmental laws from their 
inception, but should also ensure their compliance to governmental laws when these 
latter evolve (e.g. the amendment of a law, the abrogation of a law and the introduc-
tion of a new law) [13].  

The Domain ontological base is fed with expert knowledge on common practices. 
The knowledge captured in this base is formalised (and as such is explicit). However, 
its objects of conceptualisation could be of different types: i.e. generic or applicative; 
and its detail level and its completeness level could be heterogeneous. It provides the 
cross-pollination space transdisciplinary teams with (i) the knowledge on the different 
team member's domain (such as for example: industry standards, official statistics, 
etc.), (ii) the shared and transdisciplinary knowledge produced by them. 

The Knowledge ontological base is fed with scientific knowledge. The knowledge 
captured in this base is formalised (and as such is explicit). However, its objects  
of conceptualisation could be of different types: i.e. generic or theoretical; and its  
detail level and its completeness level could be heterogeneous. It provides the  
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cross-pollination space transdisciplinary teams with the knowledge extracted from 
scientific sources (conference papers, peer reviewed journal articles, etc.).  

From these three ontological bases may originate information fragments represent-
ing potential source of strategic intelligence, i.e. weak signals. Weak signals are of 
anticipatory, qualitative, ambiguous, fragmentary nature and of various presentations 
[3]. Their overlaps may produce significant information carrying a strategic value.  

As stated before (cf. 3.1), only the Domain ontological knowledge is validated 
against the usage, but not the Legal or Knowledge ontological one. 

The actors of the cross-pollination space are as follows: (i) Individuals; (ii) Teams 
(of individuals); and (iii) Roles (of individuals in a team). Within a team, individuals 
share common missions, but originate from different disciplines. A team may be 
composed of architects, economists, university professors, artists, psychologists, for 
example. This transdisciplinarity of domains is seen as a place of fertilization for the 
co-creation of disruptive innovation in the services. The role of an individual in a 
team can be: domain expert [4], modelling mediator [4], facilitator [20], model 
builder [4], collaboration engineer [6], etc.  

In order to form a team, individuals gather around one or more missions. A mission 
is a statement of qualitative and strategic nature which defines a direction and an 
activity perimeter. It defines the team's ethical and behavioural obligations. Briefly, it 
is composed by two conceptual attributes: unity (internal coherence) and identity 
(external coherence). Contrary to goals, a mission cannot be validated against any 
criteria. 

We identify, then, the following main collective activities:  (i) Idea generation; (ii) 
Execution; (iii) Negotiation; (iv) Decision; (v) Communication; (vi) Coordina-
tion/Planification; (vii) Steering; and (viii) Strategic scanning.  

In this paper, we summarize the activity of idea generation, which grounds on the 
general patterns of collaboration [14]. The first pattern “Generate” intent is to end 
with a pool of shared concepts: either by gathering individual concepts, or by creat-
ing new concepts or by elaborating existing shared concepts. Here, each of the cross-
pollination space's ontologies (legal, domain, knowledge ones) can be a source of a 
concept, as well as each team's member. It leads then to the second pattern "Reduce" 
whose intent is to focus the team attention to a set of fewer concepts. The third pat-
tern "Clarify" intent is to add more shared understanding to the latter set of concepts 
by adding descriptions. The fourth pattern "Organize" intent is to add more shared 
understanding to the relationship among the latter described concepts. Then, the fifth 
pattern "Evaluate" intent is to add more understanding of the relative value of the 
concepts. Finally, the sixth and last pattern "Build consensus" intend is to gather the 
group members around the commitment of a proposal for an innovative service (cf. 
Figure 3). 

The activity following this ideation process is an activity of execution. It could be a 
collaborative edition of an article, of a white paper or of a mission statement by  
example. 

A set of protocols (as sets of rules generally governing the communication) are de-
fined at several levels in our cross-pollination space platform: between ontologies and 
actors, between groups of actors, between activities and missions, to cite a few. We 
will not go further in details with those protocols here, but we can add that with our 
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Fig. 3. Idea generation activities 

exploratory approach, the usage of the cross-pollination space platform will enable 
the discovery of new protocols which will be re-injected into the platform. 

The creation of the cross-pollination space is our ongoing work and we are cur-
rently studying the development of its other activities, as well as evaluating the role of 
ontologies in this process.  

It is important to consider that in the context of this research we do not demon-
strate the results of its validation. This task represents another research axis of our 
ongoing and future work. We envisage doing so by developing a case study that  
implements the described methodology for the CPS oriented scientific e-conference. 

Whilst it is most encouraging to find such a positive response to these methodo-
logical explorations, it is also clear that this fundamental area of investigation will 
likely continue to need more case implementations, to allow grounded conclusions on 
its validation. 

5   Perspectives and Conclusions 

In this paper, we introduced our ontology-based approach for developing sustainable 
services. We first provided a foundation for a thorough understanding of services 
based on the related ontologies: domain, legal and knowledge ontologies. We de-
scribed our vision on the development of the information kernel, which synthesises 
and conceptualised the semantics of services, their main activities and the related 
exchange of knowledge involved in services usage. Practically, we introduced the 
conceptual methodology of the implementation of our approach in the form of a 
cross-pollination space, a platform for enabling the creation of new domain services. 
Another important contribution of this research is the identification of five essential 
characteristics of a sustainable service and the proposition of its definition. 

Despite the early stages of our transdisciplinary research, its initial investigations 
are promisingly encouraging. However, it has a number of limitations that we envis-
age as important perspectives of this research. First, a more detailed formalization of 
the information kernel is required that will imply the necessary modifications in the 
methodology for its dynamic development. Second, we are currently working on the 
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formalization of the term of a sustainable service and its theoretical homogenization 
in the context of SSME. The third axe is devoted to the practical implementation for 
several use cases of the cross-pollination space and the analysis of its usage. The 
results of the usage-based validation are to be next integrated into our approach and 
the theoretical validation of these modifications is to be proven. In general, we envis-
age a potential in carrying out this work for application in a broader scale from the 
theoretical point of view, as well as from the point of view of the implementing it as a 
tool facilitating the idea creation process for transdisciplinary research teams, organ-
izational structures, cultures and inter-organizational relationships. 
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Abstract. The promise of service orientation is that it enables an organization 
to prosper by delivering continuous value to customers. This prosperity is of 
strategic value to the organization. There is value in service orientation for both 
the organization and its customers. We call these two values, customer value 
and strategic value. When designing a service it is necessary to align both value 
propositions with the service building blocks. We propose to use a systemic 
method where whole and composite reasoning are interleaved on both the  
organizational and functional dimensions. We begin by producing an as-is 
model that describes how customer value is delivered by a set of actors and the 
responsibility of each actor. Improvement opportunities are identified in terms 
of customer value and strategic value to the organization. A to-be model is built 
that specifies the new interaction between actors and their new responsibilities. 
The method is illustrated with an example.  

1   Introduction 

The IT Infrastructure Library (ITIL) defines the concept of service as, “a means of 
delivering value to customers by facilitating outcomes customers want to achieve 
without the ownership of specific costs and risks” [1]. This definition can be split in 
two parts: 1) a service delivers value to customers by providing them with the  
outcomes that they desire. 2) The service relieves the customers from dealing with the 
cost and risks associated with the outcomes they desire. We call the first part the “ser-
vice offering” and the second part the “service implementation”. The ITIL definition 
reminds us that customers often care more about the value they derive from a service 
than the way the service is implemented. In most cases a service is offered as a black 
box, without customers knowing how it is implemented. The service provider, how-
ever, must make sure that the implementation is capable of delivering the value  
expected by customers. Service design is the act of aligning the value (the black box 
view as seen by customers) with the implementation (the white box view as seen by 
the service provider). The service provider provides the service to customers for a 
reason. It benefits directly and indirectly from the relationship with customers. Direct 
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benefits include service payments made by customers. Indirect benefits can be the 
growth of the customer base leading to more customer payments. Hence, the service 
provider also finds value in the service. We therefore distinguish between customer 
value (the value delivered to the customer) and strategic value (the value to the  
service provider). The service offering includes both these value propositions. 

In this paper, we show how to the Systemic Enterprise Architecture Modeling 
(SEAM) can be used to design the service offering and the service implementation 
while capturing the customer and strategic value. SEAM designates a family of  
Enterprise Architecture methods. In this paper, we describe a version of SEAM for 
service design. For sake of simplicity we call it SEAM rather than SEAM for Service 
Design. Each SEAM method includes a design process and an enterprise model. The 
foundations of SEAM are in General Systems Thinking (GST) [2] and in RM-ODP 
[3]. GST is the study of principles that are applicable to any kind of system (e.g. busi-
ness system or IT system). RM-ODP is a software engineering ISO standard that 
provides solid definitions for the SEAM concepts. SEAM is rigorously defined based 
on these systemic and software engineering concepts (e.g. object, state, behavior). 
SEAM federates multiple modeling techniques (such as discrete behavior, goals or 
quantitative models). SEAM has been applied for teaching [4] and consulting [5] 
since 2001. Prior applications of SEAM to service design have been published in [6] 
and [7].  

The SEAM design process has three phases as illustrated in Fig. 1. First, we ana-
lyze the service offering and implementation as-is to identify how well the service 
offering is aligned with the service provider’s strategic value. We then identify the 
service improvement opportunities. This leads to the redesign of the service offering 
and implementation. The dashed arrow in Fig. 1 suggests that the method can be  
applied more than once for continuous improvement.  

 

Fig. 1. Phases in design process 

The SEAM enterprise model for designing services conceptualizes the service  
provider and its environment as a hierarchy of systems that includes value segments, 
value networks, companies, IT systems and employees. Fig. 2 illustrates this hierar-
chy of systems.  

We define a system as a group of entities that interact and that we can consider as a 
whole (not showing the system’s components, also known as black box) as well as a 
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composite (showing the system’s components, also known as white box). The concept 
of system is generic and is independent of the nature of what is modeled. To help the 
designer, we give different names to the different kinds of systems: the value  
segment, value network and the company. A value segment is a system made of value 
networks; a value network is a system made of companies; a company is a system 
made of employees and IT systems.  

 

Fig. 2. Hierarchy of systems in enterprise model 

A system is either represented as a whole or as a composite along two axes: the  
organizational axis and functional axis, see Fig. 3. When moving down on the organiza-
tional axis, we refine a system into its components. Systems and component systems are 
represented as block arrows. When moving from left to right on the functional axis, we 
refine a system’s behavior into its component behavior. A behavior is represented as a 
rounded rectangle. A behavior represents a service offering when it is within a system as 
a whole. It represents a process when it is within a system as a composite. When  
moving from the top left corner to the bottom right corner we move from the service 
offering to the service implementation. This hierarchical representation is only a tool to 
simplify the conceptualization of a complex reality. We do not imply that the world is 
hierarchical. However, we can represent reality as a hierarchy in order to simplify the 
design process, see [8]. 

In our description of SEAM we make the distinction between us as designers of 
SEAM and the service provider’s project team that uses SEAM for the design of a 
service. The project team is trans-disciplinary because people of different disciplines 
design different parts of the service. For example, the service provider’s top manage-
ment and marketing design the strategic value; Experts in finance design the charging 
system; Marketing experts design the customer value; Experts in logistics design the 
order fulfillment system.  

In all phases of a service design project (Fig. 1), the project team elaborates a single 
enterprise model for the whole project. The model represents the enterprise and its envi-
ronment. All changes to the enterprise model are made through the use of diagrams that 
show different views of the same enterprise model. The two main diagrams are: the 
system diagram and the supplier/adopter relationship (SAR) diagram. The system  
diagram represents the hierarchy of systems and the hierarchy of behavior, as shown in 
 

 



 Systemic Service Design: Aligning Value and Implementation 153 

 

 

 
Fig. 3. Double hierarchy in SEAM 

Fig. 3. It also includes the building blocks, features and value properties of a service. 
The SAR diagram represents the relations between these concepts. This paper illustrates 
the use of these two diagrams use. It does not describe their formal semantics, which is 
still part of the future work.  

We illustrate our method by applying it to the example of service design and imple-
mentation at Amazon.com. This example is based on publicly available information 
about Amazon.com and its market. We describe a hypothetical project, code named A, 
run by a hypothetical project team, called the A team. Amazon.com was founded as an 
online bookseller in July 1995. In 1998 Amazon diversified its offering to include new 
product categories. In November 2000 Amazon introduced the Amazon Marketplace, 
thereby allowing other companies to place their products alongside Amazon.com’s 
products in the Amazon.com website. Amazon.com is currently offering e-business and 
IT services to companies of different sizes [9], [10]. In our example, we focus on the 
transition between selling new books and establishing a partnership with other booksell-
ers to sell used books. We make an as-is model that represents Amazon.com selling new 
books. We show the misalignment with Amazon.com’s future strategy and how the  
to-be service that enables booksellers to sell used books through Amazon Marketplace 
might be implemented.  

The paper is structured as follows. In section 2, we apply SEAM to the case of  
service design at Amazon.com. In parallel, we elaborate on the underlying concepts 
and rationale of our systemic approach. Section 3 includes the related work and in 
section 4, we present our future work and the conclusion.  

2   Designing Service Offering and Service Implementation 

In this Section, we detail each phase of the design process defined in Fig. 1. In each 
phase, we first present the concepts necessary to make the model, and then we discuss 
the rationale behind these concepts and illustrate them with the example. 
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2.1   Analyzing Service Offering and Implementation As-Is 

In this phase, the A team conceptualizes the service offering and the service imple-
mentation as-is. As a result, the team members develop a common understanding of 
the systems that need to be considered in the service description. This information is 
captured in two system diagrams and in one SAR diagram.  

We represent only the Amazon.com Supplier Value Network as a whole and as a 
composite (Amazon.com Supplier Value Network [w] and [c] in Fig. 4) because we 
are only interested in the service provided by this value network. When viewing a 
value network as a whole, we model the service offering. When viewing it as a 
composite, we model the interactions between the companies that belong to the 
value network and that participate in the service implementation; in the Ama-
zon.com case, the Publisher Company, the Distributor Company, ISO (ISBIN), the 
Credit Card Processing Company, Amazon.com Company, Amazon.com’s Bank 
and the Adopter’s Bank. In a real project, the A team would also have to analyze 
the service offered and the service implemented by Amazon.com itself. In that case, 
the team would have to analyze Amazon.com as a composite as well as a whole. As 
the design of the service provided by Amazon.com would be done in the same way 
as the design of the service done by Amazon.com Value Network. We do not pre-
sent this here.  

Amazon.com Supplier Value Network and the SciFi Book Reader Adopter Value 
Network are components of a value segment (Fig. 4). The supplier value network 
provides a service to the adopter value network. We usually model the adopter value 
network as a composite to show all the entities who benefit from the services. In our 
example, we represent the reader of SciFi books as well as his/her partners. This is 
useful to analyze the value that the service brings to the SciFi reader (main adopter) as 
well as to his or her partners, for example the SciFi Community.  

In SEAM, we consider the service as an n-to-n relationship: multiple companies 
participate in the service and multiple entities benefit from the service (directly or 
indirectly). In SEAM, we also use very concrete examples to make the model more 
expressive. In consulting, we even write the name of real people and companies. The 
originality of SEAM is to combine structured diagrams – that capture part of the the-
ory – together with concrete representations of the reality (e.g. real names, photos). 
This combination brings rigor and relevance to our workshops. 

Systems are characterized by their behavior. Understanding system behavior is  
essential. Systems as wholes and systems as composites have behavior. In service 
design, we call the behavior of a system as a whole a “service”. The behavior of the 
system as a composite is called a “process”.  In the system diagram, we identify three 
processes: the supplier / adopter process (within the value segment as a composite), 
the process within the adopter value network as a composite and the service imple-
mentation process within the supplier value network as a composite. Processes are 
necessary to analyze the interaction between sub-systems. Each sub-system provides 
services to processes.  In the system diagram, we identify two services: the one  
provided by the supplier value network as a whole and the ones provided by the com-
panies within the supplier value network as composite.  
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Fig. 4. System diagram, value segment defining the service offering and its implementation as-
is, process Sell as a whole 

Concretely, in Fig. 4, “Sale” is the process between the Amazon.com Supplier 
Value Network and the SciFi Book Adopter Value Network. “Sell” within Amazon 
Supplier Value Network [c] is the implementation process of the service. “Sell” 
within Amazon Supplier Value Network [w] is the service provided. The “Sell” on 
the association between the supplier value network and the “Sale” process makes 
explicit that the “Sell” service is actually related to the process “Sale”. The difference 
between the “Sale” process, the “Sell” service and the “Sell” process is one of the 
main challenges in designing services. Using a graphical representation greatly facili-
tates this understanding because it shows the relation between these concepts.  

Each system as a whole has properties. Properties are dual to behavior. Properties 
capture the state of the system. The state is modified by the behavior. When modeling 
services, these properties have different names depending on how they relate to the 
service offering/implementation. We define three of them: 

• building block (property) is a property of a company that implements the service 
within the supplier value network (as a composite);  

• feature (property) is a property of the service provided; it is represented in the 
supplier value network as a whole (independently of who provide the feature); 
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• value (property) is a property of the adopter (or of one of its partners); it represents 
the value the adopter sees in the service. We define the value as an interpretation by a 
stakeholder of the worth (positive or negative) of a characteristic of a system; the 
value is expressed in the vocabulary of the stakeholder. In the system diagram, the 
properties are represented by rectangles. To be able to reason independently on build-
ing blocks, features and value properties are useful to understand the viewpoint of the 
different stakeholders of the services. Value properties are useful to understand  
customer value. Building blocks are useful to understand the service implementation. 
Service features are useful to link building blocks and value properties. Finding con-
vincing value properties is a challenge. We have noticed that modeling real custom-
ers (such as someone known and who loves SciFi reading) greatly helps identifying 
customer value.  

In Fig. 4, “Book Recommendation Function” and “Book Review Submission Func-
tion” are service building blocks provided by Amazon.com within its VN, “Recom-
mended Books” and “Customer Book Reviews” are the service features and, “Select-
ing the Right Book” and “Knowing about other Similar Books” are property values on 
the adopter side. These properties are related. For example, the “Selecting the Right 
Book” value is related to the “Customer Book Reviews” feature, which is supported 
by the “Book Review Submission Function” building block. The SAR diagram (Fig. 
5) makes these relations explicit and specifies the context in which the property  
exists. So, using a SAR diagram, the A team represents the mapping between the 
features and the value (service offering design), and between the building blocks and 
the features (service implementation design). The SAR diagram is an extension of the 
house of quality [16] in which the relations between “engineering characteristics” and 
“customer attributes” is established. We added to the house of the quality who pro-
vides the characteristics (the “feature” in SEAM and who benefits from the attributes 
(the “value” in SEAM).   

The SAR is also useful to make explicit who provides which building blocks and 
who benefits from which feature. It is an essential complement to the system diagram 
as it illustrates who is involved. Sometimes, on the supplier side, we use the RACI 
technique to capture the involvement of each supplier. RACI stands for Responsible, 
Accountable, Collaborate, Informed [11]. On the adopter side, we represent with 
“++”, “+”, “-“ and “- -“ how the value influence the adopters.  

The SAR can represent strategies and – more importantly – how features influence 
strategic value properties. This is done in a similar way as the modeling of the values 
for the adopters; it is actually a representation of the values for the suppliers. For 
example, in Fig. 4, the features of the service affect negatively or positively the values 
of the provider.  

The SAR is useful to verify the alignment between all these properties and to iden-
tify service improvement opportunities on the basis of the underlying strategic values 
of the service. Fig. 5 is a SAR diagram of as-is service building blocks, features and 
values of Amazon.com. 
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Fig. 5. SAR diagram, service building blocks, features and values as-is. The issues to address 
are in underline bold 

The system diagram can represent behavior at different levels of detail. This is very 
useful to separate issues related to the outcome of a behavior as opposed to the  
detailed execution of the same behavior. For example, in Fig. 4, the “Sell” process is 
represented as a whole. This means that we only care about what is needed for the 
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Fig. 6. System diagram, value segment defining the service offering and its implementation as-
is, process “Sell” as a composite. This details the responsibilities of each stakeholder. 

process to execute and the outcome of the process. In Fig. 6, we represent the “Sell” 
process as a composite and the details of the process are then visible. In SEAM, we 
found it very valuable to work on both representations. In most workshops, the repre-
sentation of the process as a whole is the adequate one. This representation avoids 
distracting the workshop participants with implementation details. 

2.2   Identifying Improvement Opportunities  

In this phase of the service design process we seek improvement opportunities in 
service offering and service implementation. The goal is to achieve a better alignment 
between the service and the value properties of the adopters and the strategic value of 
the suppliers. This is done in three steps: (1) Identification of the issues, (2) listing of 
the alternatives, and (3) selection of the most appropriate solution. The SAR diagram 
is used in each step.  

The issues are identified by analyzing the SAR. In the case of Amazon.com, “high 
price of books” and the “unavailability of books” are the major factors that negatively 
impact the customer (Fig. 5). Hence, Amazon.com may fail in achieving its strategic 
objectives and value (i.e. market share growth) unless the current situation is improved.  
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Fig. 7. Proposing service offering to-be. The new value propositions are in underline bold. 

Based on these issues, different alternatives can be identified. For example, the 
high price of the book can be addressed by providing used books, or by providing 
electronic copies of the book. This last solution might require specific hardware and 
software solution. The A team needs to evaluate each alternative and to decide which 
one to develop. This selection process is not detailed in this paper. We make the as-
sumption that providing used book is the selected solution (Fig. 8). Amazon.com 
offered two new service features to the customer: availability of books from other 
online booksellers on Amazon.com and selling used books on Amazon.com.  

These changes in the service feature, result in creating value on the adopter side 
such as, providing the customers with “large variety of books”, “lower cost of books” 
and “available out print books” due to the changes in the service offering. 

This is also the right time for the A team to think of the strategic value properties 
of the supplier. For offering these new features, Amazon.com has to cooperate and 
compete with the booksellers who sell their books alongside Amazon.com books 
simultaneously. This coopetitive strategy [12] creates the strategic value of “reduced 
competition” for Amazon.com while leading Amazon.com delivering value to the 
customers. 

2.3   Designing the Service Offering and Implementation To-Be 

In this phase, the A team designs the service to-be. In the previous section, the team 
identified that a new feature is needed: providing used books. It also recognized the 
need to have multiple book sellers.  

The design is done in three steps. First the model is modified to capture the new 
value properties and features. To add the service building blocks, it is necessary to 
add the new actors. In our example, Powell Books and the Powell Books’s Bank 
needed to be added. These novelties are represented in the system diagram in Fig. 8. 
The Sell process is not detailed. Thanks to this, it is not needed to design the detail of 
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Fig. 8. System diagram, service offering and implementation to-be, process “Sell” as a whole. 
The additional stakeholders to be considered in the selected solution are marked with a +. 

the interaction. The model only expresses that two new actors are needed and they 
will provide the building blocks necessary to provide the features that will lead to the 
value properties for the customer. At this point the SAR can be regenerated to repre-
sent the relations between all the concepts (Fig. 9). 

To implement the service, the “Sell” process needs to be specified in more detail. 
In Fig. 8, Sell is defined as a whole and the process outcome is described. The details 
of the interaction is not described. To refine the process, the A team needs to think in 
terms of instances of behavior. For example, when the catalog of books is created, 
both Amazon and Powell Books need to participate. The “Catalog Book” action is 
quite close to the one defined in Fig. 6 with one additional participant. However, the 
“Fulfill Book Orders” action cannot be modified in the same way. Both Amazon and 
Powell Books collaborate. In the Fulfill process, Amazon.com and Powell Books 
compete. There are two processes: one in which Amazon.com provides the books and 
one in which Powell Books provides the books. The role of the Distributor and the 
Publisher is especially interesting as they participates in both fulfillment processes. 
When designing the process, it will be important to analyze how potential conflicts of 
interests will be solved.  Fig. 10 represents the Sell process as a composite.  
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Fig. 9. SAR diagram - Service building blocks, features and values to-be 
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Fig. 10. System diagram, service offering and implementation to-be, process “Sell” as a com-
posite. Definition of the actions in which the new stakeholders participate. 

In summary, designing the to-be requires developing a system diagram that represents 
the project goals (new actors, building blocks, features and value properties). The 
SAR is then developed to validate the alignment and understand the strategic value 
properties for the companies in the supplier value network. The system diagram is 
refined to describe the detail of the business process and to take into considerations 
issues such as collaborations, conflicts of interest, etc… 

3   Related Work 

ITIL [1] is a set of best practices in IT service management which is used by organi-
zations to develop and enhance service management capabilities. The latest version of 
ITIL, V3, was released in 2007. ITIL V3 focuses on services. It describes service 
strategy, design, transition, operation and continual service improvement. SEAM a 
more concrete systemic approach than the ones described in ITIL.  

e3Service [13] is a method for semi-automatically reasoning about matching ser-
vice offerings with customer needs. In order to make this semi automatic reasoning 
possible, e3Service assumes that the customer and supplier share the same ontology, 
that the customer specifies her needs in the same vocabulary as the supplier specifies 
its offering. In SEAM, we precisely avoid to make this simplifying assumption. This 
comes at the cost of enormously complicating automatic or event semi-automatic 
reasoning with the benefit of models that more accurately reflect reality. Also, 
e3Service defines the value of a service only from the point of view of the customer. 
In SEAM, this value goes both ways, a service also provides value to its supplier. 

i* [14] is one of the leading modeling method used in the requirements engineering 
research community for reasoning about FR and NFR. i* provides modeling artifacts 
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for reasoning about alternative satisfactions of NFR. i* models describe relationships 
as actors dependencies. i* doesn’t have an explicit hierarchy or an explicit value con-
structs. Hence, i* offers better support for reasoning about alternatives . i* has been 
extended with value reasoning in [15]. 

House of Quality [16] is an improvement method, which main modeling artifact is 
very similar to the SEAM SAR model. The House of Quality was derived from Qual-
ity Function Deployment, a method that was developed by Japanese companies to 
improve manufacturing processes for greater customer satisfaction. House of Quality 
is, therefore, more geared toward manufacturing processes. In addition, the House of 
Quality does not represent who the providers and the adopters are.  

4   Conclusion and Future Work 

Designing services where the implementation is aligned with the value they provide is 
a challenging task. It involves people with very different backgrounds (business peo-
ple to define service offering, financial people for financial model, technical people 
for implementation). Developing a common enterprise model can help the members 
of this trans-disciplinary team to agree on what needs to be developed and how to 
develop it.  

In this paper we have shown how to use the SEAM design process and enterprise 
model for designing services so that their implementation is aligned with the value 
they provide to both their customers and service providers. The design process has 
three phases with in which as as-is and a to-be models are built and improvement 
opportunities are sought. The enterprise model has a double refinement hierarchy that 
enables us to model a service offering and its implementation simultaneously. We 
illustrated how to design the service provided by the value network. In a real project, 
the project team must also design the service provided by the service provider and the 
service provided by the IT system. This is done using the same diagrams.   

The models were developed in a tool, called SeamCAD [17]. In SeamCAD models 
are built by specifying the changes from one model to the next. It thus maintains the 
synchronization – as much as possible – between the different models and thus their 
alignment. Our future work includes validating the approach in commercial work-
shops, the formalization of the diagrams – and especially of the SAR - and improving 
SeamCAD. The validation will be done on coopetitive markets and will be based 
either on a case study or an action research.  
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Abstract. The Internet has presented the business world with an unprecedented 
opportunity in terms of reaching their customers. It has also given rise to new 
business models and allows firms to engage in e-business. Customers now can 
browse from one e-store to another and purchase the products that they need 
right from the comfort of their homes. However, current e-business systems are 
often criticized based on the fact that it is impersonal and does not satisfy the 
social needs of its customers such as interactions, collaborations, socialization 
and networking. As such efforts must be made to give these particular experi-
ences to the customers. Based on the examination of the literature, it is realized 
that this can be achieved by using two emerging concepts. The first is the con-
cept of value co-creation and the other is via the use of virtual worlds. Using the 
context of the local wood based products industry, the objective of this paper is 
to present a conceptual framework for designing a virtual world that will serve 
as an experience environment that incorporates value co-creation opportunities. 

Keywords: Experience environment, co-creation value, e-Market place, wood 
based industry. 

1   Introduction 

Due to the advent of the Internet, businesses are currently transforming the way they 
are doing their business. More e-business applications and services using the Internet 
technology are designed and developed. However current e-business services are 
designed according to the traditional way of design using a system development, 
software engineering or a web based design methodology. This leads to typical ways 
of presenting the services offered which utilizes the web and the use of portals. As 
such values in terms of personalized experience are not captured accordingly. This 
can be seen in most e-business system offered on the Internet in which these systems 
are accessible through a single access windows (using the portal concept), thus forc-
ing the users to choose the application/system they want to access. Typically the val-
ues embedded in these systems are actually on accessibility, meaning it allows users 
to access the digital version of the system easily through the Internet. However other 
values such as personalized experience, price-experience [1] and effort-experience [2] 
relationships are yet to be uncovered. As such the success of these developed systems 
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is yet to be determined. This is contrary to new breed of systems such as Facebook, 
Amazon.com, Google Mail and Twitter that promotes the personalized experience 
values to the users.  

A phenomenon shaped by the home computer known as the virtual world or aug-
mented virtual reality is proposed as the environment to provide the personalized 
experience for the e-business application system. This is due to the fact that e-
business system that supports business activities needs to include the social issues 
such as interactions, collaborations, socialization and networking. Current e-business 
system is often designed as contemporary interactive system that lacks the satisfaction 
of social needs.  

This paper presents the design of an experience environment using the virtual 
world technology to conduct e-business services specifically for a wood based prod-
uct industry and to provide the lively and sustainable online community that are able 
to interact, collaborate, socialize and incorporate value co-creation opportunities for 
the user. 

2   The Research Framework 

This research draws inspirations from three main streams of literature. The first  
concerned the literature and research conducted on the local wood-based products 
industry. Our own research on the wood based products industry revealed current 
business practices and led to the development of an e-marketplace portal to facilitate 
business transactions between the wood based products community. The second set of 
literature concerns the changing role of customers. Customers are now more con-
nected allowing them to be more informed, making them smarter and more aware of 
their choices. The impact of the connected, informed and active customers or users 
results in the changes in how they would want to be served either in terms of product 
design or services offered. This has in part led to an outgrowth of literature concern-
ing customer value and value co-creation as characterized by Vargo and Lusch [3] 
and Prahalad and Ramaswamy [4]. The third area of literature concerns the techno-
logical advancement that has given rise to the use of virtual reality applications. From 
 

 

Fig. 1. The research framework 
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immersive virtual reality experiences to augmented reality applications, the use of 
virtual reality applications has flourished. It is now seen almost everywhere from 
online games to virtual showrooms and it has provided users with an almost real envi-
ronmental settings and enabled them to explore new worlds thus giving them new 
experiences. The research framework is depicted in Fig. 1. 

It is envisaged, via the framework, the wood based products e-marketplace portal 
will be given a facelift, from the traditional web portals, to a 3D virtual augmented 
reality system that provides an experience environment to the users. 

3   The Traditional e-Business Environment – A Malaysian 
Scenario 

The wood-based products industry in Malaysia has experienced tremendous develop-
ment over the past decade. The industry has been identified as one of the resource-based 
industries and most rapidly growing economic sectors to be further developed as an 
important export-oriented key industry in Malaysia [5]. The wood-based industry is 
conspicuously different from other industry in Malaysia. It is largely domestic owned 
and it shares the centre stage within the SMEs category, which the government has 
identified as the cornerstone of the Malaysian manufacturing sector, poised to play a 
critical role under the Third Industrial Master Plan (2006-2020) [5].  

Malaysia has seen rapid growth and expansion of ICT in the country in the last 
decade or so. This has led to a growing ICT usage by the SMEs in recent years. In the 
wood-based industry, SMEs has the potential to be transformed into an intensively 
digital industry by harnessing the advances in ICT and virtual environment. E-
business represents one of the most innovative opportunities currently available to 
SMEs. Current initiatives for e-business deployment in the wood industry are related 
to the establishment of business-to-consumer (B2C) e-marketplaces, which have 
opened a gateway for buyers, suppliers and the communities to meet and trade with 
each other.  

As one of the Malaysian key export sector, wood-based SMEs needs to take ad-
vantage of the potentials of applying e-marketplace technologies within its trading 
processes. It would enhance communications between buyers and sellers, improve 
marketing channel and may eventually lead to online transactions. The benefits 
expected from participating in e-marketplaces are wide and exciting [6], [7].  For 
buyers they can have more negotiating power when they can choose to buy from 
more suppliers via virtual marketplace. This will benefit both parties in terms of 
efficiencies in product availability, delivery and inventory management. Suppliers 
would find marketplaces attractive because they could easily and cost effectively 
reach new customers. They provide greater exposure to larger buying communities, 
with improved reach, range and efficiency, increased in volume of transactions, and 
healthy competition. 

An analysis of the overall industry [8] also revealed that there is a need for a 
common web platform where the buyers and sellers in the wood based products 
industry can meet and engage in business transactions. This provides the motivation 
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for the establishment of a third party e-marketplace portal for the wood based prod-
ucts industry [9]. This portal will lead to more efficient trading and will provide the 
web presence for local wood based companies [10]. 

Although the study also revealed several other business processes which can be in-
corporated in an e-marketplace framework, only e-catalogue, e-negotiation and e-
auction is included in the proposed integrated framework. This approach is in line 
with the findings from [11] and [12] which emphasize an iterative approach for e-
marketplace implementation for SMEs. Further studies [8] on the business processes 
of the wood based companies also revealed that there are several processes which can 
be performed electronically to increase efficiency and productivity. These are the 
advertising of products, searching for business partners and products, negotiation of 
prices and auction of products. These and some other findings, which formed the 
requirements for the e-marketplace, are given in Table 1. 

Table 1. Requirements of the e-Market place 

Requirements 
It is quite common for wood buyers to get information on for sale stands placed 

by from local forestry associations and sometimes directly from the sellers. If the 
same information were provided via e-marketplace, the buyers would not have to 
physically go to supplier office to check the lists of price. When a sales offer is 
entered to the database by the seller, it will be seen by all the prospective buyers. It 
is also easier to keep such information up-to-date in an electronic system. 

It is the usual practice for prospective buyers to come on location to check the 
product description, quality and conditions. In the e-marketplace, the product qual-
ity should be described accurately enough to avoid any complaint from buyer. 

The establishment of electronic marketplace needs to be as simple as it can. The 
easier the trading mechanism is, the more appealing it should become for wood 
trading participants to use the electronic marketplace. A web-based system with a 
convenient interface and search function is required. 

The e-marketplace should be able to facilitate the process of matching buyers to 
the appropriate sellers and vice-versa. In this e-marketplace two matching mecha-
nisms are deemed suitable. The first one is the automated mobile agent based multi 
attributes e-auction and the second is the semi automated SMS incorporated e-
negotiation module. 

Examples of interfaces for the web portal developed for the wood-based products 
industry are shown in Fig. 2. The web portal has so many features such as search 
function, e-marketplace products, online bidding, local news and events, users’ regis-
tration and others. However only three features are used in the design of the 3D vir-
tual experience environment namely the searching, the bidding process and the lists of 
events and advertisement. These features are selected as it is felt that they are the 
main process involved that makes the e-marketplace a marketplace. 
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Fig. 2. Web portal for the wood products based industry e-marketplace 

4   New e-Business Environment 

Due to technology convergence, globalization, ubiquitous connectivity and industry 
deregulation, there is a change in products or services development. Products and 
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services are now viewed differently by the consumers or users in which there is  
a portending shift in the balance of the consumers and the product. Consumers are 
now more connected allowing them to be more informed, making them a smarter 
consumer and more aware of their choices and they are now more active compared to 
previously. The impact of the connected, informed and active consumers or users 
results in the changes in how a product is designed, in which consumers are now 
seeking ways of exercising their influence in the product design to create values  
specific to their needs. 

As the world is rapidly changing towards a boundaryless world, a more emergent 
world geared towards an e-Economy milieu, the fundamental assumptions about the 
product development system in terms of values, value creation process and the nature 
of the relationship between the producer and consumer are challenged. The challenges 
result in opportunities in value creation and innovation of product design, in which 
producers and consumers are working together in co-creating values at points of  
interactions resulting in personalized co-creation experiences. 

Co-creation is not unique to Information Technology (IT) or electronic innovators 
such as Amazon.com, IBM, Cisco system, Dell, Microsoft, Yahoo and others. These 
companies are currently partnering with their customer to co-create values and captur-
ing greater values than either party could have created independently [13]. This leads 
to the development of new types of information or software systems in the current  
e-Economy setting, where an information system is viewed as services that are muta-
ble, reflective and loosely coupled. The current concept of the information system is 
based around the notion that users provided with smaller function components are 
capable of assembling unique systems that suit their own contexts, tasks, use patterns 
and metaphors [14]. Users are able to create unique, personal service configurations, 
blogging, tagging ideas, discovering, enriching and mashing up information and inte-
grating knowledge [15]. 

Virtual worlds or virtual augmented reality system is used as it addresses the satisfac-
tion of users’ social needs and are complemented with a realistic experience. It supports 
the way a person acts and communicates in real life to a certain extent and offers an 
environment to meet people. As such it provides the satisfaction of social needs that is 
often neglected in contemporary interactive system like the web portals. In addition it is 
also designed to provide the co-creation avenues where users experience the virtual 
world that provides an experience environment for customer who wants to buy the 
product.  

5   The 3D Virtual e-Business Experience Environment: Design 
Considerations 

Experience environment are characterized by robustness, the capacity to accommodate a 
wide range of context-specific experiences of heterogeneous individuals. An experience 
environment facilitates a total experience for the customers. It includes products and 
services as well as the various interfaces for individual interactions with the company, 
employees and the communities [16]. At a minimum, the experience environment must 
offer opportunities to customers to co-construct their own experience on demand in 
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specific context and time.  It must also accommodate a heterogeneous group of custom-
ers, from the very sophisticated and active to the very unsophisticated and passive. The 
environment must also facilitate new opportunities afforded by the evolution of new 
emerging technologies. In addition it must also accommodate the involvement of the 
customer who formed the communities. The interactions occurred in the environment 
must be able to engage the customer emotionally and intellectually as such it must  
recognize both the social and technical aspects of co-creation experiences. Creating an 
experience environment will be difficult; however new emerging technologies that 
provide capabilities to design a robust experience environment are now available in the 
market, allowing such experience environment to be built easily [16]. 

 

Fig. 3. Portal features versus the 3D environment 

The 3D virtual e-business experience environment on the other hand is designed to 
emulate the way humans operate and interact in the real world. However as the 3D 
virtual experience environment is designed based on the web portal mentioned above, 
therefore the humans involved are actually organisations. This is due to the fact that 
the portal is a B2B web portal for wood based market place. As such the environment 
will enable organizations, presented as an avatar to participate in a heterogeneous 
society of business organizations visualized in a 3D virtual world. As such the avatar 
will represent an organisation in particular. In addition the environment will also 
capture the real life environment of a market place for a wood based product shop 
where a buyer may purchase their required wood products. Therefore to create the real 
life environment that provides real life experience environment and incorporate users 
value co-creation opportunities, the design needs to analyzed the web portal and also 
the real life experience of conducting the business of wood based products, and cap-
tured the important elements. Based on the conceptual understanding of co-creation 
environment experience by Prahalad [17], the mapping between the traditional ways 
of conducting the wood based business and the 3D virtual environment application is 
as shown in Fig. 3. 

As stated earlier in the previous section, the wood based web portal consists of sev-
eral features however only three features were mapped into the 3D virtual experience 
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environment. The search component in the web portal allows the customer (buyer or 
seller) to search for products offered on the market place. The e-bidding on the other 
hand allows customer to bid for products using the reverse auction mechanism. The 
marketing element comprises of the list of events and news; and details regarding the 
sellers.  The web portal provides a service that allows customer to find the required 
products based on their specific needs through their matchmaking facility. The match-
making facility, allows matching of specific requirements by users to the ones offered 
by the sellers in the market place. In addition another type of service offered is the  
enquiry service in which users are allowed to post questions on matters arise regarding 
transactions or other related process. 

 

Fig. 4. Conceptual Framework 

The 3D virtual environment on the other hand will look at the customers’ dimen-
sions especially in terms of their needs, goals and organizational styles. In addition, 
the interaction with other organizations, their socialization aspects, and how the word 
of mouth influences the customers is also important to be looked into. Additionally, 
the freedom of choice to interact with the market place owner or employees through a 
range of experiences across multiple channels such as through chatting, email or oth-
ers are also looked at. The environment must also provide experience-centric options 
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that reflect the organizational desires. In addition due to the advent of technology, 
business organizations usually want an easy, convenient, safe access and reliable 
services offered when conducting business transactions, this must be materialized in 
the 3D environment through transactions available.  

Therefore to design of the experience environment, a conceptual framework that 
encompasses the co-creation model as proposed by Prahalad and Ramaswamy[16] is 
used. The framework was based on Bryceson [18] and shown in Fig. 4.  

Based on the above conceptual framework, to design the 3D virtual experience en-
vironment there is a need to look at the 3D presentation aspects, for instance how the 
rooms are to look like, the types of avatars namely the customer avatars, employee 
avatars, the marketplace setting where the design should incorporate the viewing 
room, the buying process, the product displays and others. All these need to be de-
signed accordingly tailored to real life setting so that the users will be at ease and felt 
as if they operate and interact in the real world.  

The story scenario setting element incorporates most of the Prahalad and Ramas-
wamy [16] component of co-creation experience model. Each component is then 
explained in detail in the next section. 

6   Components of Co-creation Experience Model 

The components of co-creation experience model by Prahalad and Ramaswamy [16] 
are described as follows and mapped against the story scenario setting relevant to the 
wood based products industry market place.  

 
Individual Involvement:  Individual involvement is one of the benchmark used to 
show that the market place is fully utilized to the maximum by the users. The  
involvement may come in many forms such as through transactions among users’ and 
various products, interaction using different types of channels, usage of services  
offered, and inquiring for customer support service Prahalad and Ramaswamy [19]. 
Capturing the values appreciated by users during their involvement in participating in 
the activities offered are essential to make sure that the market place is being used at 
the maximum. Therefore in designing the 3D virtual environment for the wood based 
market place, users (namely the business organizations – presented using avatars) 
interests, knowledge, needs and desires are identified and recognized.  

Granularity: This particular component gives the customer the ability to interact with 
the experience environment at any desired level of specificity, immersing the cus-
tomer in the experiences over time in whatever way the customer chooses. This is 
translated through the ability to design the experience environment based on events in 
which the customer interactions can occur at different levels of aggregation and rich-
ness [16]. Therefore in designing the 3D virtual experience environment, customers 
are able to walkthrough the market place through various rooms in which there are 
various entry points such as the main hall where customers may want to get started 
when they get into the market place, or they may go straight to the viewing room 
where products are displayed and they are able to select the products wanted or to the 
bidding room to bid for a specific product. Aside from the viewing room, customers 
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are also able to initiate dialogue with the customer support avatars to get assistance 
about products or other related matters.  

Linkage: Linkage is the recognition that events connect in multiple ways from a con-
sumer point of view. Therefore a collection of related events and not just a single 
event, affects the quality of the co-creation experience [16]. In the 3D virtual experi-
ence environment customers are allowed to experience meeting other business  
organizations through their avatars. Conversation or interaction initiated by an avatar 
may lead to product negotiation, development of new product or establishing new 
partnership. Following the product negotiation process or the bidding process, a cus-
tomer may choose to use the delivery service that will send the product to their home.  

Evolvability: Evolvability involves capturing the learning from co-creation experience 
and using it to develop experience environments that shape themselves to customers’ 
needs and preferences [16]. As a customer, the 3D experience environment will allow 
the organization to get the recommendations for products related to the item bought, in 
addition the recommendations will be based on the organization preferences as the 
history of item bought and it’s specific features are captured. In addition the experience 
environment will also provide a selection of customers who have purchased the same 
products, reviews by professional critics on the product sold, fellow of the system users 
and other criteria. If the customer discovers that the product does not fit to the  
customer needs than there is no obligation to buy the product. The customers may also 
buy or sell used products at the marketplace. These features will capture all relevant 
information that may be used for future marketability purposes. 

Market as a forum: The co-creation concept converts the traditional market into a 
forum where dialogue between customers, the organisation, customer communities 
and networks of others can take place. In the market-as-a-forum paradigm, networked 
customer communities are the driving force. This is due to the fact that human beings 
natural instinct is to connect with each other and belong to a social network. In addi-
tion, it is also important to take note that customers influence one another’s experi-
ence. This is based on real life experience where the word of mouth of others do  
influence the experience or choices made by an organization and the heterogeneity of 
interactions among organizations is important in order to co-create experience for the 
customers. As such details of interactions such as eagerness to engage in dialogue, 
tolerance for irritants and willingness to switch suppliers and products need to  
be looked into detail [16]. Therefore in designing the 3D experience environment 
customers are allowed to engage in the dialogue with other customers, specific com-
munities who have the same interest or bought the same product, engage in a dialogue 
wit ha customer support service, a supplier or the other people such as the delivery 
person just like in an actual environment.  

Knowledge environment: To co-create value, it is necessary to continually co-create 
new knowledge in which this is obtained through solving a particular problem, or iden-
tifying major emerging opportunities. As such a knowledge-sharing environment needs 
to be created. The knowledge sharing environment should be designed in which it is 
easy to use, be available twenty four hours a day, seven days a week, permit people to 
talk to one another directly, with minimal distortion, provide everyone access to the 
company’s knowledge base, allow everyone to contribute knowledge to the system, 
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allow communication in any language preferred by the user and continuously capture 
new knowledge from questions and answers in the system [16]. The 3D experience 
environment can combine bulletin boards, chatting, libraries, electronic forums and 
specialist forum is put into place and the information obtained is transferred into the 
knowledge base supplemented with external information sources. In addition the  
information provided to the customers must be transparent and readily accessible in 
order to provide the venue for knowledge environment. 

Based on the above components the 3D virtual experience environment is de-
signed. Details of the scenario are described in the next section. 

7   3D Experience Environment: Design Scenario 

Based on the conceptual framework the design scenario of the web portal consists of 
B2B e-marketplace. As such the 3D virtual experience environment will also fully 
utilise the same B2B concept. In order to materialize the idea, three features are se-
lected as mentioned earlier, namely the buying and selling room – which is presented 
as search mechanism and transaction process in the web portal, bidding room – which 
is described as the e-bidding function in the web portal, video wall – which is pre-
sented as the news, events and bulletin board in the web portal. Additionally to make 
certain that the 3D virtual experience environment resembles the actual or real market 
place, help desk and service desk features are also provided in the environment.  

In the 3D virtual environment market place, the avatars represent several types of 
users namely buyer avatar represents an organization that bought the products offered; 
seller avatar represents the organization that sells the product; employee avatar repre-
sent the market place people that consist of e-market place operator, customer support, 
cashier, sales/promoter and others. As the environment is designed to emulate the ways 
human operate when entering the market place and interact in the real world, the 3D 
virtual experience environment will use the space with an immersive experience in 
order to construct a usable virtual representation of a particular domain. As such a 
particular role of a participant/end-user in the virtual world is represented by means of 
a specific outfit. Therefore an avatar dress code allows the perception of visual cues 
associated to the roles of participants introduced. For instance the employee avatar will 
be dressed in a specific work wear. 

Virtual worlds visualized in 3D are environments where people meet. As such con-
sistent interface metaphor that facilitates awareness of other participants are central in 
these environments. Users will be aware of other users in the experience environment, 
as such communication possibilities must be made possible, therefore text-based 
communication is realized by means of a chat facility offering a synchronous mode of 
interaction.  However asynchronous communication is also provided in terms of  
e-mail, bulleting boards and information digesting services. In the 3D virtual experi-
ence environment, active participation is required, however for lurkers that exist in 
this type of virtual environment [20], services such as tutorial area for newcomers, 
special help animators who identifies the user inactivity and attachment of visual cue 
that describes the quest in the market place is provided [21].  
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Apart from the avatar, types of communication and others described above, the 
setting of the environment also includes specific settings namely the entrance hall, 
points of entry, points of exit, rooms such as buying room, selling room or sections, 
socializing room, help desk and payment counter. Additionally the video wall in-
corporates videos or live bulleting boards that provide and display information of 
news, event, promotions and other information about product, details of seller and 
other information that are relevant to the customer. Each of these settings will use 
the 3D virtual objects that resemble the actual objects in the real world.  

The information stored and provided to the users to promote the co-creation 
learning process entails the information about the product such as the name, type, 
purpose, dimensions of the product, description, colour, product availability, per-
formance, efficiency, price and other relevant features. The services offered to the 
customer is obtainable through the customer support avatar and designated rooms, 
in which explanation of services offered are given such as credit payment services, 
special orders, product protection plan, warranty periods, returns and refund. 

The design of the 3D virtual experience environment for wood based market place 
is conceptualized in Fig. 5.  

 

Fig. 5. A design scenario for a 3D Virtual Experience Room for the Wood Based Products 
Industry Marketplace 
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8   Conclusion 

Considering the popularity of 3D virtual environment especially among the younger 
generation and the growing market share of products being bought online by them, the 
combination of 3D virtual environment and business has the potential of creating 
enormous synergy. With inclusion of value co-creation in the design phase has given 
the system an added value, as customers will be able to appreciate the system more 
than ever. To this end, we have presented a conceptual framework and design scenario 
for the 3D virtual experience environment to support the complex interaction patterns 
between the members of this heterogeneous society in an e-marketplace setting. The 
planned 3D virtual experience environment provides a visualization of the interactions 
supports business activities and provides the basis for a lively online interaction and 
other values that is important to the business organizations. The innovative approach of 
marrying the 3D virtual with electronic business elevates interaction with e-Business 
applications to a more social, joyful and more meaningful experience for the customer 
thus enhancing the marketplace functions and applications. The contribution of the 
work also aids the process of integrating IT and co-creation value with current business 
applications that enriches the development of e-marketplace for the betterment of busi-
ness community.  
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Abstract. Recently, there has been recognized a significant movement

towards services, which is reflected in GDP of countries as well as it

is mirrored by customers needs and expectations. Therefore, since the

services are provided by means of service systems, the attention has to

be paid to the service systems and their description. The Service Science

theory is being developed and improved every day, hence it will take

some time to build it stabile and sound. Basic and commonly shared

knowledge is still missing.

This paper contributes to the service science foundation. Based on

extended definition of service systems, it proposes the concept of a prime

service system as a service system in a context of clients benefits. A

definition of the cooperation of service systems is given and the paper

concludes with a definition of a dual service system, which is a service

system based on collaboration of two prime service systems. The paper

discusses the introduced concepts on examples of business enterprises

and academic institutions.

Keywords: Service science, service system definition, service system tri-

angle, prime service system, dual service system, service systems

cooperation.

1 Introduction

According to various sources, ”[T]he services sector is undeniably a key engine
of growth in today’s leading global economies” [1]. Services currently account for
80 per cent of the GDP of the USA and the ratio is increasing in other economies
as well. For example China is strongly supporting the development in the service
sector in its 11th Five-Year Plan (2006-2010) [5], [8]. Mindsets of the people and
more importantly rules applicable within the more and more perceived service
orientation of the economy are often referred as the Service–Dominant Logic
(e.g., [15], [16]). Such movement caused a significant contribution to formation
of so called Service Science.
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In the Europe and the US, Service Science, Management, and Engineering
has been proposed as a new field of study to face the challenges of the increased
predominance of services. According to [7] ”there is a need for a new science of
service systems, which aims to increase service innovation by applying scientific
understanding, engineering discipline, and management practices to designing,
improving, and scaling service systems.” Many universities all over the world
respond to this expressed need and open the new courses, or even the whole
programs, with focus on services. Not only the universities who are used to
provide scientific basis are working on the sound theory of the services and
service systems, but business organizations are also involved.

1.1 Service Mindset and Service Systems Definitions

The separation of the producer from the customer no longer holds in many do-
mains. The production control and the product standardization are no longer
required within the service focus. ”In contrast, the emerging service–dominant
logic is focused on the interaction of the producer and the consumer and other
supply and value network partners as they co-create value through collabora-
tive processes” [6]. Although the term Service–Dominant Logic is already quite
known and it is being used, we argue that term ”Service logic” express the same
meaning in a better way.

As [6] presents, the settings of the mindset of service oriented agents is dif-
ferent compared to the one which was dominating in the past. In [6], authors
elaborate eight areas wherein the shift is visible: (1) a shift to the process of serv-
ing rather than the creation of goods, (2) a shift to the primacy of intangibles
rather than tangibles, (3) a shift to the creation and use of dynamic operant re-
sources as opposed to the consumption and depletion of static operand resources,
(4) a recognition of the strategic advantage of symmetric rather than asymmetric
information, (5) a shift to conversation and dialog as opposed to propaganda,
(6) an understanding that the firm can only make and follow through on value
propositions rather than create or add value, (7) a shift in focus to relational
rather than transactional exchange, and (8) a shift to an emphasis on financial
performance for information feedback rather than a goal of profit maximization.

Services are provided in an environment of the service systems. According to
[11] ”[s]ervice systems are dynamic value co-creation configurations of resources
[. . . ], where at least one resource is an operant resource, specifically a person
with rights, and capable of interaction and judging outcomes. Service systems
are connected to other service systems via value propositions.” The configuration
is set up from people, technology, other internal and external service system,
and shared information (such as language, processes, metrics, prices, policies,
and laws) [10].

Basically, there are three core elements in any service system - a service
provider, a service consumer (service client)1, and a target. And also, there

1 In later text, we use terms ”service consumer” and ”service client” in the same

meaning.
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are connections/relationships between every couple of elements from this triple
- a) the relationship between the service provider and the service consumer, b)
the connection between the service provider and the target, c) the connection
between the service consumer and the target. The service provider continuously
maintains the relationship with consumer/client and the consumer/client shares
and discusses his notion of the target with the provider [3]. Time is an important
issue here and time has to be captured when we model any service system [4].

Based on previous definitions and extending them, we mention here definition
according to [14] which is rather exhaustive. A developed version can be find in
[13].

Definition 1 (Service System). Service system is a time limited composite
of agents, technology, environment, and/or organization units of agents and/or
technology, functioning in a space and time.

There exists at least one context in which the roles of a client, a provider and
a target of agents and/or environment can be recognized.

For an entity to be considered as a service system, the following statements must
hold:

1. The relationship Provider-Consumer is about consulting, negotiation, plan-
ning, development of ideas and plans. It is build upon:
– the information sharing,
– the knowledge sharing,
– negotiations,
– balancing and establishing value propositions of each side and their mu-

tual match,
– continuous revision of previous items;

2. The relationship Consumer-Target expresses that the consumer uses the
target in a certain way. It is about an active approach and about putting
things into a practice. The relationship Consumer-Target expresses a kind
of ownership where:
– the consumer owns the target,
– the consumer owns rights to use and/or manipulate the target,
– the consumer has (”owns”) a problem. The solution involves an operation

and/or a transformation of the target;
3. The relationship Provider-Target is about improvements on the target per-

formed by the provider. The improvements represent benefits for the client.
The utilizations are proceeded most likely due projects and/or programs of
projects. The goals of such projects/programs (or even portfolios of projects
and programs) aim to enhance the consumers’ satisfaction and positive ex-
perience of the overall service. The relationship Provider-Target expresses
a competence where:
– the provider knows the target and is able to operate upon it,
– the provider knows the target and is able to execute the transformation

of the target,
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– the provider understands the target and is able to plan operations and/or
transformations of the target.

4. For elements of theService SystemTriangle (consumer–provider–target) holds:
a) Any involved agent (i.e. an agent who plays one of the roles) may be a

service system too.
The agent is one of the following:

- a human being,
- in some way organized group of human beings,
- any of the two previous items coupled with technology and possibly

with a piece of environment,
- some kind of organization,
- virtual, i.e. artificial, agent built from software and/or hardware com-

ponents,
- combination of any previous items;

b) The target is either an agent or a ”piece” of environment (environmental
element) (including technology),

c) The time period of existence of a service system is not a trivial one
compared to actions performed within a service provision process. �

This definition helps us to distinguish between entities which we consider as ser-
vice systems and the other entities (not service systems). To make this definition
clearer we would like to add few comments to summarize our view on service
systems.

Service systems are composed from agents and very often from environmental
elements. An agent can play any role from the Service System Triangle; it either
can represent the consumer, the provider or the target. In contrast, environmen-
tal entities (”pieces of environment”) act only in the target role.

During its whole life cycle the service system can be viewed from many per-
spectives. These perspectives (based on observer’s history and experiences) to-
gether with structure of the situation (i.e. other arbitrary entities in the time
and space and their relationships) create a context. We are interested in such
contexts where we can recognize the particular agents (and environmental en-
tities) and as well where we can recognize the individual roles played by those
agents.

To study service systems, we have to study contexts together with various
distributions of the roles. Useful categorization of typical situational settings of
elements is given in [2], where the author introduce seven contexts for service
design as follows: person-to-person, technology-enhanced person-to-person, self-
services, multi-channel, services on multiple devices or platforms, back-stage
intensive, and location-based and context-aware.

1.2 Main Considerations and Organization of the Paper

As [9] mentions, there are many reasons which contribute to the not very fast
progress of the service research. To name one, it is its interdisciplinary nature.
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Although we believe that by conceptual modeling and abstractions above various
kinds of service systems (such are organizations, academic institutions, commu-
nities), important characteristics of the service systems can be discovered and
later on validated.

Therefore, in this paper we focus on the definitions of basics concepts, as we
believe it is necessary to define them. Common understanding can improve the
level of shared knowledge and it may fasten the research progress.

In the following section 2 we present definitions of elementary concepts which
were discovered during the service systems research. The section 2 is organized
into three subsections. In section 2.1 we introduce a concept of a prime service
system and present its main characteristics on example of two enterprises. In
section 2.2 we define a service systems collaboration. The example from previous
section is elaborated and an example of business and academic collaboration is
added. In section 2.3 we define a dual service system as a collaboration of two
prime service systems. Section 3 highlights some relevant conclusions.

2 Boundaries, Contexts and Cooperation

Our understanding of service systems comes from our research and practical
experiences within the domain of information technologies and the project man-
agement, in particular the portfolio–program–project management.

While it seems these two domains quite differ, from a sight of the service
science, they are alike and both encourage us to ask (and more importantly to
answer) serious questions. Which, reciprocally, make us to better understand
their functioning and inexplicit rules.

Recall the Definition 1 from the previous section. According to it, it is possible
(and very likely) that one particular service system can be represented as a
hierarchical structure with other service systems embedded in it, or it can be
itself part of another service system. Therefore we ask ourself following questions:

When/in which situations it is more appropriate to see certain service system as
one entity and in which situations we would rather speak about more than one
service system which are somehow connected/cooperating in some way?
Are there any general criteria to distinguish such situations? Or is it a pragmat-
ical choice only?

As in any collaboration, the rule which pays off is to unify stakeholders’ vocab-
ularies at the very beginning. Doing so, we decrease the number of situations
where misunderstanding takes a major place. Such situations are either a) one
collaborator uses certain term in a certain meaning and the same term has for
another collaborator (slightly or completely) different meaning, or b) some par-
ticular concept is expressed by two different terms while that is not necessary
and sometimes it is not even recognized, that the agents are dealing with the
same object or meaning the same concept.

The answers to those questions above are crucial for common understanding in
the field of service systems. There are many confusing situations which can arise
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when for example one stakeholder focusses on different level of the hierarchical
system than the other stakeholder.

In this paper we introduce new concepts which, as we already personally
witnessed while working in our Service System, Modeling and Execution research
group ([12]), can decrease a ratio of puzzlement while discussing the service
system matter. In the following subsections, new concepts Prime service system,
Service system cooperation, and Dual service system are introduced and properly
defined.

2.1 Prime Service System

Let us start with an example of a service system, which follows the Definition
1 and leads us to the next definition, which is a definition of a prime service
system.

Let us say, there are two enterprises, a software house called Heavysoft and
a telecommunication company Telecoco. After internal analysis of its resources
and in line with its business strategy, Telecoco decided to outsource its informa-
tion system. After the necessary negotiations were made, relevant information
was shared as well as knowledge, the service system was established based on
formulated and agreed value proposition.

The roles are as follows: Telecoco enterprise is the client, Heavysoft plays
the role of provider. Agreed target is an information system which will reflect
directives and regulations of Telecoco enterprise which supports all Telecoco
operations. Heavysoft uses its competences to act for the sake of Telecoco on
this target. Telecoco will regularly pay a service fee.

Such example is a general representant of many situations nowadays and it
seems natural to describe the situation this way. Therefore now, we would like to
draw your attention to the way we have just used to explain the example. What
we did, is that we have described the outsourcing system from the client’s point
of view. Through the client’s benefits (Telecoco benefits here) one is more used
to hear about the situation within service system when services like outsourcing
are described.

Less common is to view the example through the benefits of the provider,
i. e. within the context of Heavysoft benefits. With this change of perspective,
we see the Heavysoft in the role of the client. The provider is in this case the
Telecoco enterprise. The target is a bank account of the Heavysoft company,
to which Telecoco sends its regular service payments. To setup such service
system, all the initiation steps had to be done as well (as they were done in
the first case, in the case of the context of Telecoco benefits). This service went
through negotiation, sharing relevant information and knowledge between the
stakeholders. The results were part of the initial value proposition.

These two contexts are only examples of many possible contexts in which this
service system could be seen.

In both contexts, in the context of Telecoco benefits and the context of Heavysoft
benefits, same distribution of roles holds during the whole life cycle of our service
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system. The assignment of roles in Service System Triangle (provider–consumer/
client–target) does not change in any of those contexts through the time.

Hence, we can talk about two service systems which are originated in our
example. These two service systems were established by decomposition of the
service system described as the example above. The first one belongs to the
context of the Telecoco benefits, the second one belongs to the context of the
Heavysoft benefits.

The strict separation of the service system according to benefits for particular
agents make easier to understand the evolution of the systems (in the time and
space) and brings better understanding of posteriority of events.

Based on previous discussion, we define the prime service system.

Definition 2. (Prime Service System) A service system is called prime service
system if following conditions hold:

1. the roles provider–client–target are distributed between agents (and environ-
mental elements) within one context,

2. assignments of roles do not change during the life of the service system.

In most cases, when talking about some service system, the prime service system
is meant. However, the Definition 1 covers the marginal cases as well.

2.2 Service Systems Cooperation

The two discussed service systems, one based on the context of Telecoco benefits
and the second one based on Heavysoft benefits, are tightly connected. To be
able to do a decomposition of the service system to its prime service systems,
first we have to describe them together and also we have to pay attention to
their mutual cooperation. The service systems cooperation is defined as follows:

Definition 3. (Service Systems Cooperation) We will say that a prime service
system P1 cooperates with another prime service system P2 if the following
conditions hold:

1. the agent who plays the role of the client in the service system P1 plays the
role of the provider in the service system P2,

2. the agent who plays the role of the provider in the service system P1 plays
the role of the client in the service system P2,

3. benefits of the client of the service system P1 (P2) depends on benefits of
the clients of the service system P2 (P1) respectively. �

Note that no constraints are done on either the target of the service system
P1 or the target of the service system P2. In terms of two prime service sys-
tems, when we describe the outsourcing of Telecoco information system and the
Heavysoft regulations for operating such information system, we are speaking
about cooperation of two service systems.
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The target of the service system P1 (let us assume that it is the service sys-
tem described by the context of Telecoco benefits) is Telecoco information sys-
tem reflecting directives and regulations of the Telecoco enterprise. The target
of the service system P2 (it means the service system described by the con-
text of Heavysoft benefits) is Heavysoft’s bank account. The service provided by
Heavysoft to the service system P1 is the outsourcing of information system’s
operations. The service provided by Telecoco to the service system P2 is pay-
ment. A success of one of those processes cannot be reached without success of
the other one.

Another typical example of cooperating service systems is a cooperation be-
tween an academic institution and a business entity. To make this example more
specific, let us talk about Faculty of Informatics, Masaryk University in Brno,
Czech Republic as the academic partner, and about IBM Integrated Delivery
Center in Brno, Czech Republic (IBM IDC) as the business entity2.

The faculty educates its students towards their future employments and as
well it does a research in new technology principles. One of the things, the busi-
ness partner does, is that it develops new services while it uses new technologies
and as well it puts into use competences of faculty graduates.

The benefits for the business partner from possible cooperation with the aca-
demic partner could be listed as follows:

– faculty graduates are fitted for business processes of the partner,
– there is a possibility to influence an educational process of the faculty ac-

cording the business partner’s needs,
– there is a possibility to select the most suitable graduates with desirable

skills and capabilities,
– there is a possibility to expand research capacity of the business partner by

collaboration with faculty research laboratories,
– there is a possibility to be closer to the faculty research results which are

believed to be valuable for the business and therefore there is a possibility
of easier access to such results

– there is a possibility to use research results.

On the other hand, benefits for the faculty could be listed as follows:

– students are involved in practical projects in a real business environment
during their studies,

– faculty graduates have good starting positions on the labor market since
they are well prepared for the practice. There is a possibility that many of
them will be hired by the business partner straight away after finishing their
studies,

– there is a possibility to ease the process of transferring the faculty research
results into the practice,

2 Although Masaryk University collaborates with IDC, please note that examples used

here are illustrative.
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– the market position of the faculty in the competition for new students can
be increased by a good reputation and a high ratio of employed faculty
graduates,

– there is a possibility of money transfers from the business partner to the
faculty (e.g., grants, scholarships, donations, etc.).

Let us describe the situation in terms of service systems and denote the service
system according to the IBM benefits as R1 and the second service system as
R2 (i. e. the service system according to the benefits of Faculty of Informatics,
Masaryk University.

Within R1 the roles of the Service System Triangle are distributed as: the role
of the client plays the business partner (IBM IDC), the role of provider plays
the Faculty of Informatics, Masaryk University, and the target is a business field
of strategic outsourcing. Based on the assignments into the roles and based on
benefits stated in the previous text, we elaborate some examples of statements
that can be included in a value proposition for the business partner:

– a pipeline for talented students and graduates who are fitted to enter straight
to business processes is established;

– experts from the management and strategic research and development teams
are associated members of such scientific boards which can influence the
educational processes and the curricula contents;

– research topics arisen from business practices are investigated and studied
at research faculty laboratories;

– an up-to-date list of annotated research projects which are being solved
by the faculty as well as short situational reports about these projects is
available.

Within R2 (the service system described by the benefits of the Faculty of In-
formatics, Masaryk University) the roles are distributed: the role of the client is
played by the Faculty of Informatics, the role of provider plays IBM IDC. The
target of such service system is the field of the study processes and the research
processes at Faculty of Informatics. Some examples of sentences that can be
included in a value proposition within the R2 follows:

– there is a contract between us and business partner, which establishes a
number of students participating in full time projects (5 months long) every
semester in a business partner’s department. The focus of the projects is put
to the service systems’ domain (their creation and operation);

– a list of topics for diploma thesis originated in business practice is established.
This list is continually updated based on the collaboration with appointed
guarantors form IBM IDC;

– a financial support of faculty research is regularly obtained from IMB IDC;
– our faculty stands on the list of institutions which offer an education in the

service science field published on the official web pages of the IBM corporation.

The question here is: Is it possible for the service system R2 work without the
service system R1? Well, the answer is Yes. On the other hand, the value brought
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by Faculty of Informatics compared to the effort which would be consumed by
IBM IDC while working on establishing such system, is attractive. Therefore
entities such Faculty of Informatics do exist and also service systems where the
Faculty of Informatics, Masaryk University, plays the role of the provider do
exist. Same reasoning can be used for the existence of service systems where the
IBM IDC plays the role of the provider. And also, we can apply this logic to our
first example about Telecoco and Heavysoft enterprises.

The important issue when speaking about cooperating service systems is a
mutual usability (as shown for both examples). The usability for the client is ex-
pressed in the value proposition. To suggest/evaluate whether the cooperation
of the service systems will be successful (i.e. that both parties will be satisfied
while playing the client’s roles) the focus have to be put on analysis and evalua-
tion of the respective value propositions. In fact, this means to understand what
particular knowledge have to be expressed and shared, what information have
to be collected and shared, in which ways in the world understood by each of
the partners, how is the value created.

Another important comment on the interaction between the service systems
is about the particular agents acting on behalf of the partners. There is never an
interaction between service systems as business entities. The interaction is done
between agents who are involved in the service systems.

Service system can be seen as an ”relationship envelope” wrapping existing
entities. The main characteristics lays in the relationships. Recall the Definition
3 on the cooperation of service systems. There, we do not speak about interacting
entities, but we describe the way agents interacts with each other while playing
roles of the client, the provider, or the target. These relationships let emerge the
characteristics of the cooperating service systems.

Value propositions can be defined only after the targets of both prime service
systems are set. The statements of value propositions are related to targets,
therefore we can say that a formulation of value proposition is based on chosen
target of the service. We presented it for both examples earlier in this paper.

When we deal with different value propositions we would like to be able to
find out whether both value propositions are in balance. To compare them, it is
useful if they have similar structure. Details required to compare the structure
of the value propositions go beyond the scope of this paper, more details will be
given in [13].

The simplest situation which we want to discuss here is when both targets are
the same. It supports better understanding. In such situation the agent partici-
pating in the service system is familiar with the matter from both perspectives:
from the provider’s point of view, and also from the client’s point of view. The
two individual value propositions per agent can be substituted by one bidirec-
tional value proposition.

To explain this on examples, following statements can be formulated:

– a pipeline for talented students and graduates of Faculty of Informatics,
Masaryk University, who are fitted to enter straight to business processes of
IBM IDC is established;
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– there is a contract between Faculty of Informatics, Masaryk University, and
IBM IDC, which establishes a number of students participating in full time
projects (5 months long) every semester in a department of IBM IDC. The
focus of the projects is put to the service systems’ domain (their creation
and operation);

– Experts from the management and strategic research and development teams
of IBM IDC are associated members of such scientific boards at Faculty of
Informatics, Masaryk University, which can influence the educational pro-
cesses and the curricula contents;

– a list of topics for diploma thesis for students of Faculty of Informatics,
Masaryk University, originated in business practice is established. This list
is continually updated based on the collaboration with appointed guarantors
form IBM IDC and Faculty of Informatics, Masaryk University;

– research topics arisen from business practices of IBM IDC are investigated
and studied at research laboratories of Faculty of Informatics, Masaryk Uni-
versity;

– a financial support of research at Faculty of Informatics, Masaryk University,
is regularly obtained from IMB IDC (e.g., grants, scholarships);

– Faculty of Informatics is listed between institutions which offer an education
in the service science field and it is published on the official web pages of the
IBM corporation

A definition in the next section will help us to talk about two cooperating prime
service systems as about dual service system.

2.3 Dual Service System

Notation remark: Within the service system I, let Ci, Pi, Ti stand for the client,
the provider, and the target, respectively. It means we are talking about agents
with assigned roles.

Definition 4. (Dual Service System) Let us have a service system in which two
prime service systems (P1 and P2) can be identified (by using two main benefit
contexts). Let the service system P1 be denoted by triplet (CP1, PP1, TP1) and
the service system P2 be denoted by triplet (CP2, PP2, TP2).

If it holds that

1. CP1 = PP2 and PP1 = CP2;
2. TP1 = TP2;
3. a union of value proposition of (CP1, PP1, TP1) and value proposition of

(CP2, PP2, TP2) creates a bidirectional value proposition, which covers bene-
fits for CP1 as well as for CP2

than we call the service system (CP1, PP1, TP1) or the service system (CP2, PP2,
TP2) dual service system. �
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The Definition 4 about dual service systems talks about such service system
which contains two basic context. These contexts are based on the benefits of
involved agents. The target remains the same for both cases.

The Definition 4 is helpful when we need to formulate a value proposition
which balances benefits of involved agents (who plays the roles of client/provider
and provider/client).

3 Conclusions

The proposed concepts of the prime service system, the service system coopera-
tion, and the dual service system presented in this paper resulted from our work
on real projects from the software development field and also from the project
management domain.

We build up on the extended definition of the service system, according to
which the agents involved in the service system can play any role from the service
system triangle depending on a context. These roles are the client, the provider,
and the target.

The concept of the prime service system is discovered by separation of clients’
and providers’ benefits. In other words, by changing the perspective of the viewer,
the assignment into roles can change. The agent, who played originally the client,
is by the switch of the perspective seen as the provider. Therefore it seems
reasonable to view the situation through the agent’s benefits.

Next concept of the service systems cooperation, defined later on in the paper,
gains from the prime service system’s definition and is followed by the definition
of the dual service system. Dual service system is introduced as two cooperating
prime service systems. All definitions are accompanied by detailed illustrative
examples from the field of business enterprises and academic institutions.

We are aware that later research on this topic has to be done since some
concepts used in this paper were used quite vaguely, with no proper explanations.

The proposed concepts were already proven to be useful in disputations in our
research group [12], where the precise meaning is necessary to discover desired
solutions. To verify the usefulness of the presented concepts in the academic
field, other researches have to find them useful for their own research. Therefore
the feedback is appreciated.
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Abstract. Although the service sector has dominated the modern economies, 
there is still a little research on service modelling, especially on new models, 
methods and frameworks. In this paper, we present a conceptual framework for 
service modelling in a network of service systems based on network configura-
tion and shared information. We study firstly the needs for the conceptual 
framework and present the related works in literature. Then we propose and 
analyse the architecture of our framework that consists of three different levels: 
the Service level concerned with service operation, the Service system level 
concerned with service creation, and the Network of service systems level con-
cerned with service specification. A case study of this framework shows that 
our approach is pertinent and efficient. This paper also opens new directions for 
future research in service design and innovation. 

Keywords: Service science, service system, conceptual framework, service 
modelling, network of service systems. 

1   Introduction 

In these times, the service sector consists of 75 percent of the gross domestic product 
(GDP) of developed countries and has dominated the modern economies [1]. Despite 
the dominance of the service sector and its rapid growth worldwide, there is still a 
little research that addresses the challenges of service design and innovation [2]. 
Therefore, it is important to have a thorough understanding as well as innovative 
approaches, such as new methods, models and frameworks for designing and manag-
ing services in order to succeed in the global competition [3]. 

On the other hand, the obligation to become more competitive and more effective 
to provide better products and services requires enterprises to transform from tradi-
tional business into networked business.  The availability of Internet and information 
technologies has promoted new business strategies that take the advantages of enter-
prises’ abilities to create networks or to network with other enterprises. 

For this reason, our research interest focuses primarily on the challenges of service 
designing in a network of services systems. In the context of a network, several econ-
omy entities work together to co-produce different categories of services. As a matter 
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of fact, the traditional methods for service design often focused on designing services 
inside an economic entity, not in a network of several economic entities. 

This paper addresses the challenge of service modelling, which is a crucial compo-
nent of service design. It presents a conceptual framework for service modelling in a 
network of service systems based on network configuration and shared information. 
The remainder of the paper is structured as follows. It continues with the literature 
review of service systems, networks of service systems, services and service model-
ling. Thus, it presents the conceptual framework for service modelling in a network of 
service systems at three levels: the Service level concerned with service operation, the 
Service system level concerned with service creation, and the Network of service 
systems level concerned with service specification. Furthermore, an example about 
modelling services in a travel and tourism network is illustrated. Finally, the paper 
ends with a conclusion and future directions. 

2   Background 

This section begins with the definition and the characteristics of services, service 
systems, and networks of service systems. Thus it continues with literature review of 
service modelling and points out the difference between our approach and other  
approaches.  

2.1   Services and Service Systems 

A service is defined as “a change in the condition of a person or a good belonging to 
some economic entity brought about as the result of the activity of some other eco-
nomic entity, with the approval of the first person or economic entity” [3][5]. 

According to [6], there are four main characteristics of services:  

• Information-driven: the creation, management and sharing of information are  
essential to the design and the production of services;  

• Customer-centric: customers are co-producers of services that can require the  
adaptation or the customization of services;  

• Electronic-oriented: the achievements of information and communication tech-
nologies improve the automation and the connection between economic entities 
and enable e-commerce, e-business, e-collaboration, e-government and then  
e-services; and  

• Productivity-focused: in order to obtain the competitive advantage in the global 
economy, services are measured based on dimensions of performance measure-
ment such as efficiency and effectiveness. 

A service system is defined as a “value-coproduction configuration of people, tech-
nology, other internal and external service systems, and shared information” [1].  

An interesting question is that what are the differences and similarities between  
service systems and information systems. The main difference here is people whose 
behaviour cannot be easily modelled or simulated. Consequently, service systems, 
which are complex adaptive systems and made up of people, must be also dynamic 
and open in order to adapt to the behaviour of their stakeholders [1].  
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Service science is a new science of services systems, which aims at increasing ser-
vice innovation by applying scientific understanding, engineering discipline, and 
management practices to understanding and working with services systems [7]. 

2.2   Networks of Service Systems 

The service economy refers to the service sector that has become the most important 
sector of economies. Service economy is based on the new logic: service-dominant 
logic that is contrasted with the traditional goods-dominant logic [8].  In service-
dominant logic, services are defined as utilizations of specific competences such as 
knowledge, skills and technologies of an economic entity for the benefit of another 
economic entity [4].  In that case, value creation occurs when a resource is turned into 
a specific benefit. This activity is called resourcing, which is performed by a service 
system. Consequently, the traditional supply chain is re-conceptualized as a network 
of service systems or a service value creation network [8]. 

A network of service systems is an organizational network that is defined as a 
group of several autonomous organizations that work together to achieve not only 
their own goals but also a collective goal [9]. In fact, a network is viewed as a mecha-
nism of coordination, or is referred to as network governance. The first two forms of 
network governance are Market and Hierarchy [10]. A hierarchy is a system, in which 
each part is exactly defined in order to perform a specific function. A market is a  
system of agents, in which an agent can provide products and services to other agents. 
Recently, the third form of governance had been proposed: Network [11]. A network 
is system that helps its members work together by communication, based on trust. 

According to [9], there are three typologies of networks: Participant-governed 
networks, Lead organization-governed networks and Network administrative organi-
zation-governed networks. A participant-governed network is governed by the  
network members themselves with no separate governance entity. On the contrary, in 
a lead organization-governed network, network governance can occur through a lead 
organization. Finally, the basic idea of a network administrative organization-
governed network is that a separate administrative entity is set up specifically to  
govern the network.  

2.3   Service Modelling, the Proposed Approach and Related Work 

Service modelling amounts to the representation of relations between what is pro-
vided to customers, how it is provided, the technical definition of the service, and 
resources needed for operating the service [12]. In other words, service modelling 
aims at clarifying the role of people, technology, and shared information in the service 
system. It also aims at pointing out what are service systems and networks of service 
systems, how those systems and networks arise and evolve, and how to coordinate 
between internal and external service systems.  

Current approaches for service modelling can be classified into two categories: 
Process-oriented approaches and System-oriented approaches. 
Process-oriented approaches have come from different areas such as operational 
research and industrial engineering that often focus on modelling traditional services 
such as person-to-person and single channel. Firstly, service blueprint is a method 
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proposed by Shostack [13][14] and evolved by several authors [15][16][17][18]. A 
blueprint is a two-dimensional picture of a process: the horizontal axis represents the 
chronology of actions and the vertical axis represents different areas of actions.  
Another process-oriented approach is the Lean Consumption approach developed by 
James P. Womack and Daniel T. Jones as a service counterpart to the manufacturing 
concept of “lean production” [19].  

System-oriented approaches have mostly come from software engineering that 
focus strongly on the system being developed and functional requirements. Some of 
those approaches based on the business process perspective for designing service-
bases systems [20][21]. Others tried to capture business goals and requirements and 
translate them into system design [22]. Recently, the Value and goal driven approach 
utilizes both value and goal models as the foundation for designing e-services [23]. 

Recent researches emphasize that IT solutions need to be derived from business 
perspectives [22][23]. We utilize this direction in our work; however, the approach 
that we propose will focus on the network configuration instead of business models, 
goals or value such as in [22][23].  We consider that a value creation network reflects 
obviously and completely the value proposition and exchanges, which are accepted by 
all the stakeholders. Therefore, network design and configuration are more general 
than business and goal models and can be used as the foundation for service model-
ling in a network of enterprises. In our approach, we view a value creation network as 
a variable network of service systems with different network governance configura-
tions and could have different network levels. Thereby we are able to specify complex 
and modern types of services in a value creation network such as multi-channel  
services or network-based services. 

In the following sections, we present our approach at different levels. The Network 
of service system level, concerned with service specification, aims at modelling ser-
vices as a chain of value creation and exchanges in which involved service systems 
co-produce some common results. The Service system level, concerned with service 
creation, includes the implementation and configuration of service specifications. 
Finally, the Service level, concerned with service operation, ensures that the service is 
linked to adequate resources and supported correctly by IT solutions.    

3   Conceptual Framework for Service Modelling 

The evolution of inter-organizational field requires that an organization becomes “a 
system which is enabled by information technology and is characterized by informa-
tion sharing” [3]. Thus, the integration of technology, business processes and people 
needs to be developed to create higher value from value creation networks. In our 
point of view, the most important characteristic of service systems is that services are 
information-driven. Therefore, the foundation for service systems should take into 
account the creation, management and sharing of information that are essential to the 
design and the production of services. For this reason, our approach is defined as an 
information-driven approach that focuses on the creation, management and sharing of 
information in the processes of service specification, service creation and service 
operation. 



196 T. Le Dinh and T.T. Pham Thi 

In the following, the conceptual framework is presented at three levels: the Service 
level, concerned with service operation, presents what are provided to customers and 
how they are provided; the Service system level, concerned with service creation, 
describes what are service systems and the roles of people, technology, and shared 
information; the Network of service systems level, concerned with service specifica-
tion, depicts what are networks of service systems and the value co- producing  
between internal and external service systems. 
The conceptual framework includes a set of key concepts that can be used to present a 
thorough understanding of services, service systems and networks of service systems. 
Enterprises can evolve and adapt those key concepts for modelling their own services. 
In this section, we will use simplified UML (Unified Modelling Language) notation 
for the meta-model [27] of our framework. 

3.1   Service Level 

At the Service level, service modelling focuses on the unit of shared information that 
represents the operation of the service at high level of abstraction. Therefore, the 
conceptual framework at the Service level includes the three key aspects of informa-
tion systems: Static, Dynamic and Rule aspects [24]. 

The Static aspect deals with the informational dimension of services, describing 
what types of shared information exist, their structures, as well as their interrelations. 
This aspect includes the key concepts such as Classes and Attributes. An object type 
and a set of objects of this type define a class. An attribute of a class is a function 
corresponding to every object of this class and to a set of objects of other classes. 

The Dynamic aspect deals with the operational dimension of services, represent-
ing the behaviour, performance, and quality of services. This aspect answers the ques-
tions of how to capture and measure the result of an activity or a process. There are 
two levels of behaviour: 

• Local behaviour, defined as the behaviour of objects of a class, includes Dynamic 
states and Methods. Dynamic states of an object are conditions, modes or situations 
during which certain methods are “enabled” and other methods are “disabled”. Be-
sides, a dynamic state represents a subset of objects of a class; therefore, it is a 
subclass of this class. A method of a class is used to transit between a set of dy-
namic states of the objects to another set of dynamic states of objects of the class. 

• System behaviour, defined as the behaviour of the service system, is represented by 
Processes. A Process uses a set of methods and performs a transformation of a set 
of dynamic states of the service system. A pre-condition states the constraint that 
must be true before performing a process. On the contrary, a post-condition states 
the constraint that must be true after performing a process. 

The Rule aspect deals with the legal dimension of services, concerning different 
factors in the environment in which enterprises operate such as goals, regulations, 
policies, and contracts. Those factors could be translated into business rules in service 
systems. The key concepts of the Rule aspect include Integrity rules, Scopes, and 
Risks. Integrity rules (IR) represent the implementation of business rules in a service 
system. Scopes of an IR represent the context of an IR, which is defined as a subset of 
classes. Risks are the possibilities of suffering the incoherence of information that 
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may lead to fail points. Each method may involve a set of attributes and may concern 
with a set of risks. 

Fig. 1 summarizes the key concepts of the framework at the Service level. 

 

Fig. 1. Meta-model of a unit of shared information of a service 

3.2   Service System Level 

At the Service system level, service modelling focuses on the implementation of  
services that consists of the relations between the shared information, the technical 
definition, and resources needed. In general, a service is represented by a unit of 
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Fig. 2. Meta-model of a service 
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shared information. Each process of the unit of shared information could be imple-
mented by one or several technical implementations, and it needs resources to operate 
those technical implementations. 

An event is the request from external economic entity. A process is a feedback of 
the service system to the occurrence of an event that changes dynamic states of the 
service system. Process measure is a subset of indicators used to measure the result of 
a process or a subset of processes based on the dimensions of performance measure-
ment (efficiency, effectiveness and sustainability) and quality aspect. Fig. 2 summa-
rizes the key concepts of the framework at the Service system level. 

3.3   Network of Service Systems Level 

The framework at the Network of service systems level presents the organizational 
aspect of a network of service systems that reflects the value creation and exchanges 
in the network. The framework at this level includes key concepts such as Economic 
entities, Networks, Roles, Overlap situations, and Overlap protocols. 

Each economic entity is a stakeholder of the network and has distinct goals. For 
example, the Service client seeks reducing cost and improving services. The Service 
provider seeks increasing revenue and customer satisfaction. An economic entity 
could be an individual, an enterprise, a government, or an economy. 
A network of service systems is composed of variety of economic entities. Each  
economic entity assures a subset of responsibilities and roles in the network. Each 
network is governed by one form of network governance (Hierarchy, Market or Net-
work) and is organized based on a typology of networks. Depending on the form of 
network governance, members of a network may play different roles and provide 
different services that are available in the network. 
Furthermore, there are two categories of services in a network: Independent services and 
Dependent services. Independent services or autonomy services whose realization is 
independent with services provided by other economic entities. On the contrary, de-
pendent services need the cooperation with other economic entities for their realization. 

Fig. 3 summarizes the key concepts of the framework related to the organization of 
a network of service systems. 

Let’s continue to discuss about the interdependencies between economic entities in 
a network of service systems. At first, each service is represented by a unit of shared 
information. Information overlap among units of shared information is indispensable 
when several economic entities co-produce value and share a common subset of 
shared information. In fact, information overlap reflects the interdependencies be-
tween economic entities in a network that is represented by two key concepts of the 
framework: Overlap situation and Overlap protocol. 

An overlap situation occurs when there is at least one class or one process is 
common to several units of shared information [25]. There are possibly three types of 
overlap situations between a subset of units of shared information: i) Distinct: there is 
no common class and no common process between units of shared information; ii) 
With-border: there are common classes, but no common process; and iii) With-
overlap: there are common classes, and common processes performing operations on 
those common classes, and probably common integrity rules whose scopes are those 
common classes. 
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Fig. 3. Meta-model of a network of service systems 

An overlap protocol is a protocol that allows each economic entity to perform its 
own processes locally. Meanwhile, this protocol also helps the economic entity to 
take into account the processes in other economic entities that can influence its own 
processes based on the form of its network governance [26]. Consequently, there are 
three theories of coordination: Hierarchical, Market, and Network theories. Our 
framework provides the facilities to support the all three theories of coordination to 
adapt to different styles of networks of service systems. 

Fig. 4 summarizes the key concepts of the framework related to the information 
overlap in a network of service systems. 

Corresponding to the theories of coordination, we propose the following categories 
of overlap protocols: 

• Ownership-based overlap protocol, corresponding to Hierarchy form of network 
governance, appoints which economic entity would play the role of the owner for 
each common object. The owner of an object takes the responsibility for defining, 
developing and maintaining it. The other economic entities (as referrers) may 
communicate to the owner to obtain information about this object. 

• Market-based overlap protocol, corresponding to Market form of network govern-
ance, appoints which economic entity would play the role of the custodian for each 
common object. The custodian of an object takes the responsibility for providing 
services related to this object. This protocol allows other economic entities (as the 
requesters) to send a request to perform a process to the provider. Normally, the 
custodian performs the requested process and returns the result to the requested 
economic entity. 

• Network-based overlap protocol, corresponding to Network form of network 
governance, allows each economic entity (as the co-owner) to monitor the conse-
quences that causes by the other co-owners, which have performed a process 
overlapped between them.  
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Fig. 4. Meta-model of information overlap in a network of service systems 

Indeed, the first overlap protocol conforms to With-borders overlap situations; 
meanwhile, the second and the third overlap protocols conform to With-overlaps 
overlap situations. 

4   Example of a Network of Service Systems 

Let’s continue with an example about modelling services in a travel and tourism  
network. A travel agency in the Netherlands aims at offering long-distance travel 
packages such as travelling to Egypt or to South Africa to its clients. A travel package 
includes flight, accommodation and sightseeing services. 
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Fig. 5. A model for services in a network of tourism and travel agencies 
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The travel agency has some business partners who provide flights, accommodation 
and sightseeing activities with reasonable price. Each travel package is organized and 
planned in details such as during, start date, flight schedule, accommodation informa-
tion and activities of each day. Because of the business competition, the agency often 
chooses the best airline and hotels in terms of the service quality and the good price. 
They could change their service providers when it is necessary.  

Clients who want to travel with this agency will receive a list of travel packages 
and their prices. Clients can book online by Internet, by phone call, or in person at the 
agency office and they must pay all fees before taking their trip. 

Based on the proposed framework, the model for services in our example can be 
represented at the three levels as in Fig. 5.  

The modelling details of each level are presented in the following. We will use 
simplified UML notation [27] for the informational dimension (Static aspect) and 
Petri-net diagram [28] for the operational dimension (Dynamic aspect). 

4.1   Service Level 

The main service of this example is the Travel package service. Let’s discuss about 
the three key aspects of the unit of shared information representing the Travel pack-
age service.  

 

Fig. 6. Static aspect of the Travel package service 

The Static aspect includes the following classes: Client, Reservation, Travel pack-
age, Flight, Hotel stay, and Sightseeing (see Fig. 6).  A client makes a reservation for 
a travel package. A travel package includes flight, hotel stay and sightseeing activi-
ties. Clients may pay one or several payments for his reservation. 

The Dynamic aspect, including a set of dynamic states and processes, is repre-
sented by a Petri-Net diagram as in Fig. 7, in which a state represents a dynamic state 
and a transition represents a process. 

A client may choose and book a travel package. Then he can pay the package to 
complete booking and to receive a receipt. However, if the client changes his idea, he 
could cancel the reservation. Otherwise once the booking is completed, he may start 
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Fig. 7. Dynamic aspect of the Travel package service 

his trip, take his flight, stays at booked hotels, and attends booked sightseeing tours. 
The right side of Fig. 7 depicts a refinement of the Travelling in progress state which 
describes processes performed by co-providers during the trip such as Take flight, 
Take return flight, Check-in, Check-out, and Take daily tours. 

The Rule aspect concerns the regulations and contracts between the Client and the 
Travel agency.  In the case of travel and tourism networks, a service contract used to 
be a service level agreement (SLA) where the level of service is formally defined. A 
SLA used to refer to the delivery time of services, quality of services or performance. 
In our example, there are integrity rules that verify regulations such as how to calcu-
late sale tax or how to calculate penalties for customers who cancel their booking late. 
Besides, delivery times of services are captured as process measures and there are 
integrity rules to verify whether the value of delivery times of services (time frame 
related to flight, hotel stay and sightseeing activities)  is in the acceptable range of the 
SLA or not. 

4.2   Service System Level 

At the Service system level, the technical implementation of processes which are 
defined at the Service level is described. We propose the list of processes which are 
performed by the Travel agency as well as their technical implementations and the 
resources needed as in Table 1.  

 
 



 A Conceptual Framework for Service Modelling in a Network of Service Systems 203 

Table 1. Processes performed by the Travel agency 

Process Technical im-
plementation 

Resources 

Choose and book a travel package By Internet Web site 
“ By phone call Travel agent, phone, computer 
“ In person Travel agent, computer 

Pay By Internet Web site 
“ In person Travel agent 

Issue receipt By Internet Web site 
“ In person Travel agent, computer, printer 

Cancel booking By Internet Web site 
“ In person Travel agent, computer 
“ By phone call Travel agent, phone, computer 

4.3   Network of Service Systems Level 

Travel and tourism networks are a typical example of a network of service systems. 
The economic entities in the travel and tourism network are: the Tourist is service 
client who bought a travel package; the Travel agency is service provider for the 
Travel package dependent service. Furthermore, the Airline, Hotel and Tour agency 
are also service providers that provide the Flight, Hotel stay and Sightseeing inde-
pendent services (see Fig. 8).  

Consequently, this travel and tourism network is governed by the Market form of 
network governance and organized by the Travel agency as the Network administra-
tive organization. Each economic entity who participates in the network may provide 
different services. The Travel agency service provider provides Travel package ser-
vice to Tourist service client that is composed several services from its partners such 
as Airline, Hotel and Tour agency service providers. 

 

Fig. 8. Economic entities in a travel and tourism network 

The Table 2 represents the overlap situations between the economic entities in the 
Travel and tourism network and the overlap protocols to operate those overlap situa-
tions. Booked travel packages class is a sub-class of Travel packages. Offered hotels 
and Offered sightseeing activities classes are also subclasses of Hotel and Sightseeing 
activities classes.  
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Table 2. Overlap situations in the Travel and tourism network 

Overlap situation Travel 
agency 

Client Airline Hotel Tour 
agency 

Overlap 
protocol 

- Classes: Travel packages O RR RR RR RR Hierarchy 

- Classes: Booked travel  
packages 

- Processes: Choose and book; 
Cancel booking 

C R R R R Market 

- Classes: Client information 

- Processes: Choose and book 

C R R R R Market 

- Classes: Payment information 

- Processes: Pay 

C R    Market 

- Classes: Flights 

- Processes: Choose and book, 
Take flight 

R R C   Market 

- Classes: Offered flights 

- Processes: Choose and book, 
Take flight 

C R R   Market 

- Classes: Hotels 

- Processes: Choose and book 

C R  R  Market 

- Classes: Offered hotels  

- Processes: Choose and book, 
Check-in, Check-out, Receive 
other services 

R R  C  Market 

- Classes: Sightseeing activities 

- Processes: Choose and book 

C R   R Market 

- Classes: Offered sightseeing 
activities 

- Processes: Choose and book 

R R   C Market 

Note: R: requester, C: custodian, O: owner, RR: referrer. 

Let’s discuss thoroughly about the first and second overlap situations. The first 
overlap situation related to the Travel packages class is a with-border overlap situa-
tion, which is operated by Ownership-based overlap protocol. The Travel agency 
economic entity is the owner of the Travel packages class. The second overlap situa-
tion related to the Booked travel packages class (representing information about client 
bookings) and corresponding processes is a with-border overlap situation which is 
operated by Market-based overlap protocol. The Travel agency economic entity is the 
custodian of the Booked travel packages class. The other economic entities may re-
quest to perform a process on that class. 

5   Conclusion 

Nowadays, the service sector has dominated the global economy. Consequently, 
there is still a need for a strong foundation for service design and innovation [2]. 
For this reason, our work focuses on proposing a conceptual framework for service 
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modelling in a network of service systems based on network configuration and 
shared information. The key concepts of the conceptual framework clarify the role 
of people, shared information and technology in a network of service systems. The 
perspective of this work is to provide an effective framework that would be best 
suited for modelling complex and networked services at a high level of abstraction 
and in a coherent manner.  

The conceptual framework includes three levels: Service, Service system, and Net-
work of service systems levels. The Service level, concerned with service operation, 
represents the IT solutions for service systems (including three aspects of shared in-
formation: Static, Dynamic, and Rule aspects). The Service system level, concerned 
with service creation, represents the organizational aspect of service systems (includ-
ing Units of shared information, Technical implementations, and Resources). The 
Network of service systems level, concerned with service specification, represents the 
design and configuration of networks of service systems (including Economic entities, 
Networks, Roles, Overlap situations, and Overlap protocols). 

Concerning our future directions, much work remains to be carried out to apply the 
conceptual framework to a broader scale. A systematic guideline will be developed 
for using the framework effectively. We are actually working on a formal model to 
represent different aspects of services in a coherent manner in order to simulate effec-
tively the behaviour of stakeholders. Besides, we are also building a software tool to 
generate the architecture supporting service specification, service implementation and 
service operation in a network of service systems based on the specific characteristics 
of its members such as network governance, overlap protocols, inter-organizational 
relationships, management styles, and technologies used. 
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Abstract. Service Science, Management & Engineering i.e. SSME, is a frame-
work where new approaches and interdisciplinary connections can be made to 
produce relevant and useful knowledge to create services that solve people’s 
needs for a better quality of life. New solutions to old problems, new applica-
tions for existing technologies and innovative entrepreneurial initiatives are 
hopefully expected to appear from this new field. Services consequently must 
be planned and run, procuring customers’ confidence for a sustained business 
success. Design, as an activity focused on service utility and meaning has a key 
role in customer’s perception. Designing services for the future requires a 
mindset introducing new concepts and disciplines which must be managed pre-
cise and correctly.  With this mindset, we introduce the concept of Strategic De-
sign as a framework for services innovation and management through creativity 
considering value creation for all the stakeholders. This paper is aimed to give a 
guideline to this approach and its new elements with the related knowledge 
fields involved.  

Keywords: Services Design, Strategic Design, Service Utility, Customer  
Experience. 

1   What Is Services Design? 

“Designing is a structured working process to create objects, images, spaces, services 
and innovative entrepreneurial strategies. Designing is defining the structural, func-
tional characteristics and appearance (physical, use, and symbolic functions as well as 
psychological aspects) of a product to suit its mission at maximum effectiveness and 
efficiency” [3].  

This definition, like many others, is an interpretation derived from the field of  
Industrial Design which has gone a long way ever since the XIX century industrializa-
tion and it was born in the need to produce large series of products adequate for peo-
ple’s use at minimum cost and market failure risk. It is also accurate for Services, 
adapting words such as appearance, and structural and functional characteristics to 
their precise meaning for this activity. It’s clear that product appearance is what it 
looks like, functional characteristics refer to how it works, but the concept of struc-
tural characteristics for a product is not as intuitive and clear as the others. It is more 
comprehensible when we consider the product as a whole. What we usually under-
stand as the product only refers to one of the critical elements that mean value for a 
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customer, that is, the basic product. The “holistic concept of product”, is formed in 
the following way: 

a. Basic Product: The idea or basic need it satisfies. 
b. Actual Product: The basic product plus the brand, the packing, labeling, added 

information and other tangibles. 
c. Augmented Product: The actual product plus the warranty, after-sales service, 

guarantee… 
d. Perceived Product: The augmented product plus the subjective intangibles consid-

ered by the customer. 

The Product seen in this way is closer to a service concept, as customer’s choice 
relies not only on product functionality and usability but on the after sales service, the 
guarantees, brand, product information, etc. 

Professor John Heskett, from the Institute of Design of the Illinois Institute of 
Technology, states that “design combines the form utility and meaning of practical 
objects that reflect the identity and aspirations of their users through form and  
decoration” [4].  

Form utility is only one of the five (5) types of common marketing known utilities. 
Utility is a subjective product quality that refers to its capability to solve customers’ 
needs. See the following definitions: 

Form utility: The capability of a product to solve customers’ needs in terms of its 
form. It refers to its usability (ease at use). Design is a main issue for this type of 
utility but the way the product is delivered, rather fully built and ready to use, or build 
it yourself, also has to do with form utility. It is the case of IKEA products, where 
customer accepts building the product in compensation for a good price and a 
thoughtful design.  

Place utility: The capability of a product to solve customers’ needs in terms of 
where it is placed. Logistics and product placement play an important role on this 
utility. If it’s too far away or not accessible it has no value for the customer. 

Time utility: The capability of a product to solve customers’ needs in terms of the 
time to receive it or use it.  Again, if I’m not going to have it when I need it, it has no 
value. But if I’m urged I’ll get it from whoever delivers first. 

Information utility: The capability of a product to solve customers’ needs in terms 
of having the information to use it correctly and with all its affordances. This is espe-
cially important in the use of sophisticated products like technological ones.  

Possession utility: The capability of a product to solve customers’ needs in terms 
of the satisfaction it provides for owning it. This utility does not only stand for the 
control of use of the product which may be enhanced by time and place utility, but 
also to customer’s subjective feeling of ownership. This is where intangibles appear. 

It is especially interesting to notice some facts about services regarding utilities. 
First of all, services are not possessed. Secondly, services are unstable systems, mean-
ing that you cannot expect the exact same performance on each interaction (human 
factor reasons among others). Finally, time and place full availability cannot be guar-
anteed. Notice that time and place utilities can be considered indeed crucial features 
for many services. They are as important for services design as formal utility is for 
product design. Process definition and planning must be included in service design as 
it has a main influence in its usability. Service availability, time consumption or  
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mobility costs are key factors for customer’s satisfaction in services versus fatigue 
and frustration.  

Correct and useful information are of extreme importance in services. Graphical 
design plays a very important role in many of them. Understanding a service as a 
System and graphical design as a tool that creates coherence in it as a whole is a key 
issue. This will enable to create a useful homogeneous and predictable language for 
customer interactions, gaining liability. On the other, hand graphical design is the 
natural support for brand communication and therefore a strategic tool if it is correctly 
managed.  

The fast advance of internet services opens an enormous field for design. Aesthet-
ics and functionality must be wisely balanced. Website success is very much deter-
mined by its accessibility to the broadest range of population possible for which  
inclusive design (user’s participation) can play an important role especially for dis-
abled minorities and elderly.  

Product meaning in people’s life was fully and deeply explained in an investigation 
project made by Mihaly Csikszentmihalyi and Eugen Rochberg-Halton in 1981 [2] 
that finally lead to a book called “The Meaning of Things: Domestic Symbols and the 
Self”. It describes the enormous flexibility with which people give objects a sense 
extracting meanings from them. An object’s physical characteristics do not dictate the 
meanings they can evoke but those characteristics often confer certain meanings 
against others.  It is clear that we can like or even, for some people, love objects but 
the fact that we give them meanings, and moreover personal ones, delivers some keys 
to why possession utility plays such an important role in sales and marketing. Posses-
sion utility is a consequence of objects reflecting the identity and aspirations of its 
users. It is here where needs turn into desires, and utility connects to implications of 
psychological order in the domain of the perceived product. 

In the case of services, possession utility does not have sense, but somehow human 
psychology works in a similar way as in products. No doubt that the use of a specific 
service is connected to personal identity we can agree with or not, i.e. like or dislike. 
Groucho Marx referred to this in his famous sentence: “I would never join a club that 
would accept me as a member”.  But except for exclusive services that are clearly 
designed to distinguish the identity of its members, emotional connections on services 
are implied by the marketing strategy and use experience.  

A correct operational advertising and communication infers a service the meaning 
it cannot carry by its own as it happens with objects. Therefore, marketing issues must 
be considered in a very early stage of service conception and are an intrinsic part of 
service design. Brand colors, decoration, spaces and graphical design are all part of 
the service design deeply interconnected with marketing. Corporate identity delivers 
instant awareness and liability to users but, especially in services, they only sustain if 
they are underpinned by good operating performance and commitment to quality. 

Donald Norman, in his book “Emotional Design: Why We Love and Hate Every-
day Things”, reveals how form creates emotions [7]. But the ones raised by use are a 
key factor of long term success. Most of the product icons known today have arrived 
to this position thanks to the word spread by their owners regarding the satisfaction 
and pride they feel with their use. Harley Davidson and its puffing sound, Volks-
wagen’s Beatle, Fender`s Telecaster, Faber-Castel pencils, Rolex’s Sea-master, and 
many other for long known products underpin their success on customers’ emotions. 
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Other manufacturers even invite their customers to get in action and feel emotions. 
See Nike with their “Just do it” or Ovation electro-acoustic guitars with their famous 
“Plug it in”, that just means: Try it and you’ll see. 

So, creating customer emotions in the use of a service, wherever it is possible and 
it makes sense of course, can be a challenging and interesting way to create value 
through service design. Entertainment is an ideal field for this. Designing touristic 
resorts, cruise experiences or sports areas with a service design discourse can add 
uniqueness and improved quality. The paradigm of creating emotions in services 
through design is, with no doubt, Disney Productions with their films and amusement 
parks. Thematic restaurants pretend offering their customers a different service ex-
perience through decoration, cuisine and creating a special environment [8].  

2   Designing Services for Customer Satisfaction 

Hospitals, banks, schools, insurance companies, telecommunications, dealers, retail-
ers, amusement parks, etc., like any other business, need to create customer satisfac-
tion for a long term business success. The traditional approach to service business 
models relies on effective and efficient processes. The gradual introduction of more 
resources and infrastructures to improve them is a key element. This was the Scien-
tific Management approach following Frederick W. Taylor’s ideas introduced at the 
beginning of the XX century where the close control over the processes was the main 
strategy. Taylorism has gone a long way since then thanks to, among others, the in-
troduction of information systems and quality management. Although it is still valid 
today, competition and the increasing demand of better products and services for 
citizenship brings more and more the need and interest of designing with the partici-
pation of the users and delivering a human-centered design. Human centered design 
also works as a pull force for the introduction of innovative products and services 
according to market needs. The interaction with the users improves the communica-
tion lines between designers and users that stimulate initiatives for new products and 
services in an endless circle.  

As it happens with products, customer satisfaction from a service can only be de-
termined in a certain period of time where a significant number of interactions between 
customer and business provider have taken place.  Each interaction is the consequence 
of many actions and elements that form the service which must be defined and planned 
accurately to match customer’s needs and create a good customer experience. We will 
proceed to explain how this works from back-office to front-office: 

Companies have Infrastructures that give support to their actions and decisions 
such as Information Systems (ERPs, CRMs), Facilities and Service Infrastructures. 
These infrastructures work under specific Procedures such as company policies, 
defined processes, business rules or agreed tactics and strategies. Procedures convey 
the logic that runs the operations. Some of the procedures are in the systems and oth-
ers are taught to the employees. The places, spaces or channels where the connec-
tions with customers are made are the Contact Points such as the shops, call centers, 
mail or internet. Customers connect through the contact points for different activities 
that we may call Interactions. Each business can originate hundreds of interactions. 
In a bank, for example:  making deposits, withdrawing money, making checks, paying 
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bills, opening and closing accounts, delivering account information to users, etc.. 
Interactions are at the front office and the sum of what customer perceives through 
them is his Experience.   What does customer perceive? That is the mission of Ser-
vice Design. 

Hence, the domain of activities covered by Services Design is extremely ample. In 
general design performs on four (4) axes: objects, environments, communication 
and identities. But as you may notice, the above mentioned are static aspects of de-
sign that naturally derive from product design. A service is dynamic and dynamism is 
introduced by people and processes that we can consider an intrinsic part of the de-
sign too. The goal is no more to define how things will be as it is for products, but how 
things will happen. Therefore, the scope of activities of services design plays in the 
following axes: Objects, Environments, Communication, Identities, People and 
Processes. Customer satisfaction will clearly depend on the fact that he gets what he 
expected in the way he expected it. If we manage to surpass customer’s expectations, 
then we will have a happy customer who will most probably repeat the experience.  

Objects in services can be of many kinds such as interfaces, vehicles, carriers, 
tools, etc.. Designing concepts for these elements does not differ from industrial de-
sign. Ergonomics, accessibility, usability can be some of the features together with 
meaning and identity adding factors.  

In the same manner, the Environment where the service takes place can play an 
important role in the process, identity, communication and user’s emotions. Environ-
mental psychology, cognitive ergonomics and architectural psychology are only some 
of the fields that study the influence of environments on human beings’ perception, 
emotions and behavior. Architecture, built environments and learning environments 
are some of the fields that study the creation of spaces for human activities.  

A correct Communication is essential in Services design. Graphics design can 
play an important role for information communication. But, although it can confer 
communication together with other marketing tools and the other axes, the fact of 
sending a comprehensible message to the user, in the proper media, according to the 
context where he is, where he can add a meaning to, and take a decision, is not always 
an obvious or simple thing. Communication guidance defines how and which infor-
mation is transmitted in the service and it must assure that other media, together with 
graphics design, perform in the same direction. The alignment of the marketing strat-
egy with the operational communication is frequently a source of earnings and a guar-
antee of effectiveness.  

Services are systems and systems need some type of control. On the other hand 
Identity is a key strategic factor for service differentiation and customer identifica-
tion. Identity can be conveyed in many ways such as the graphics design, objects 
design, architecture, but also by people’s performance and the uniqueness of the busi-
ness model. 

Training People is an essential part of many services. Their performance in terms 
of skills, style, creativity, human touch and professionalism are essential for the ex-
perience. Interactions involve many moments of truth, where a word, a gesture or a 
decision can be of vital importance. Alignment of people’s training with the values, 
identity and strategy of the service can become an important competitive advantage. 

Finally, Processes determine each customer interaction. Customer’s trust, time, pa-
tience, capabilities and energies are put into play on each interaction. The business 



212 R. Zaballa 

 

model chosen, determines the processes and these reflect the style of the company. 
Service efficiency depends on the processes’ design and early modeling with cus-
tomer participation can be of effective use. 

3   Services Design for a Complex World 

At the beginning of car industry, manufacturers designed automobiles according to 
what they thought would be a good product for the market. Today, a car is just one 
element of a road mobility system. Consequently, cars must be designed attending the 
requirements the system they work in. Turn signals, flash lights, painting, tires, di-
mensions, all must be conceived according to the rules and conventions that apply in 
the system. Designers cannot remain focused on product features without considering 
their interdependencies with external elements and criteria. Moreover, if they pretend 
to be innovative they must be able to detect the needs and opportunities that apper-
taining to a system can bring up. Consequently, designer’s observation, knowledge 
and skills scope must be broaden to the extent of the system.  

On the other hand, we have internet, which was actually born with established 
codes, protocols and rules, and has become the biggest and freest playground for 
business interaction and communication humankind has ever developed. With no 
doubt, those rules were the basis for such a creative self-development. Anybody 
would agree today that for service today, an analysis of internet business models, 
opportunities or just its use as a marketing tool should be considered. 

Internet is one of globalizations main contributors. Its use is a main reason why 
Japanese kids wear the same clothes and adapt the same styles and behaviors as kids 
from the New York Bronx, and why planet warming consciousness is today one of 
humanities main concerns. Internet has raised the planet’s diversity awareness and has 
been a facilitator for the appearance of subcultures inside countries themselves. This 
multicultural new market that goes far beyond internet itself generates also a new 
mindset for services design where the respect for everybody’s beliefs and values is a 
new space for reflection. 

At the same time, there is a reinforcement of local, regional and national identities 
as a consequence of the risk of losing them to globalization, the appearance of emerg-
ing countries in the global arena and the surge of new countries after the fall of the 
former Soviet Union. But local identity is also a strategic asset. Its elements and val-
ues are worth preserving because they confer differentiation and uniqueness of great 
value for competitive reasons. Governments all over the world are aware of the im-
portance of national branding for their income and the competitiveness of their prod-
ucts in both local and foreign markets. 

This complex world leads to more complex business activities and especially in the 
need of attending to a diversity of stakeholders: shareholders, partners, alliances, 
society, clients, prosumers, aftermarkets, suppliers, personnel, distributors, franchi-
sees, local governments, research institutions. They are not the customers, but  
they are extremely important. Creating sustained value for them will for sure contrib-
ute to our long and fructuous business success. Designing, after all, is creating value 
but especially perceived value. We all agree by now that perception is design’s  
playground. 
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The alignment of marketing, human resources, product design, operations and cor-
porate social responsibility are of vital importance for value creation. This requires a 
top-down approach including all the main actors of the company and the general 
management to establish a strategic design of the service that will assure a common 
and unique value proposal for the stakeholders. This so called Strategic Design has 
its underpinnings in creativity and design methodologies and principles to assure 
results beyond traditional management disciplines. It will be a consequence of team-
work and the best teams will get the best scores.  

4   Services Design for People 

Unfortunately, for many reasons design has become a banal and superfluous concept 
in the modern world. It is most frequently identified with luxurious and unaffordable 
goods for most of the population or supposedly beautiful products without utility.  But 
design lets us build our world according to our own wills and needs. No other species 
has this capability. Design, together with language is a defining characteristic of hu-
mankind and this places it far beyond triviality2. Design is the priceless capability of 
transforming an idea into something of value for people and consequently it is the 
seed for exchange. 

We understand services design for people as contributing to the creation of ade-
quate, affordable, available and accessible services that improve people’s quality of 
life. It is therefore a key activity for progress that covers all the areas of human be-
ings’ activities, even the most basic ones, along their complete lifecycle. 

Identifying the needs is the first step. Without it, the designer can do little. In this 
sense, design is just one part of the innovation cycle. Once identified the need, the 
designer must create his so called observatory with all the main elements and actors 
involved in the field. End users are main players to consider for the best design re-
sults. A marketing activity that discovers customer behaviors, styles, subcultures and 
tendencies is in use at some fields of consumer products and clearly identified in Web 
2.0, but it is not relevant for many services yet. For sure, market surveys will not 
fulfill this task but an “innovation approach”, developing an observatory to identify 
new tendencies and customer needs will surely be of great help. Customers’ opinions 
and advice can be of priceless value and living labs can corroborate many of their 
inputs. This sets the basis to consider customer participation as a good practice not 
only at the test bed but from the conceptual phase leading us to an effective experi-
mentation with the inclusive services design concept. This user creative thinking must 
be used as the foundation for how ideas, knowledge and products are developed and 
arranged in the local and global spheres for the common well-being of society [5].  

Designing for a better world is intrinsic to designing for people. Both environ-
mental and social sustainability play an important role as determining factors of the 
design. 

Governments are aware of the importance of design as a development enhancer 
and a strategic competitive activity. Studies show that it is more and more clear that 
effective design and economic competitiveness are related [6]. Governments can 
make a strong contribution by assisting the creation of a Design Milieu, referring to 
Manuel Castells` Milieu of Innovation, as the space where the necessary synergy to 



214 R. Zaballa 

 

develop new knowledge, processes, products and services are created by establishing 
the right set of relationships of design stakeholders within a spatial proximity in a 
metropolitan setting [1].  

Improved design education will certainly stimulate the growth of design sector ac-
tivity and the consciousness for a design discourse. University level is very important 
but scholar level can bring design into a wider scope of population that will certainly 
have an effect on people’s creativity in their future lives and societies. On the industry 
level, design education will have an important impact in craftsmanship as a capacity 
builder and Social design is an important enabler5.   

5   Conclusions 

Design is the step of the innovation cycle that turns the idea into a value proposal. We 
have made the leap from utility to customer experience as the final step of design in 
services. We have analyzed the chain of critical elements involved from back to front 
stage in the experience. Nevertheless, nowadays it is not enough with creating value 
for customers. Services and products are parts of more complex systems and this 
belonging implies interdependencies with other stakeholders for who we must also 
create value. A strategic design approach aligning marketing, product design, people, 
processes and corporate social responsibility is the key for such a holistic value  
proposal.  

Finally, people are the end goal, and design wins when we listen to their needs, we 
have them to participate in the validation of design proposals and considering that 
design is meant to make affordable, adequate, accessible and available services.  

Governments all over the world are more and more aware of the importance of de-
sign as a competitive asset and their implication in promoting design milieus and 
education will result in higher progress rates.  
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Abstract. Novel service mode namely bilateral resource integration is proposed 
for rapid establishment of connections between customer and appropriate ser-
vice provider. Both sides of service participants are deemed as valuable re-
sources and virtualization mechanism concerning customer requirements and 
service resources is put forward. Concept of virtualized service resource (VSR) 
is emphasized for facilitating rapid integration and scaled personalization, and a 
life cycle view towards VSR is given, including establishment, selection, usage, 
discard and management as key stages. The advantage of this solution is that 
service integration is done in an abstract level and in a more flexible way, with 
accumulative recommendation, require-resource mapping and dynamic service 
composition combined reasonably together, and personalized characteristics ex-
tracted from VSR based structural knowledge easily. 

Keywords: Life cycle, virtualized service resource, service bundle, bilateral re-
source integration. 

1   Introduction 

In modern services, insufficiency and abundance of service resources are both barriers 
for improving customer satisfaction. With limited resources, service providers could 
hardly afford services of high quality due to resource shortage; while facing too many 
choices, it’s also difficult for customers to find appropriate resources rapidly. Those 
are just from service provision view, i.e., we consider more about how service capa-
bility matters the satisfaction of customers’ requirements. Actually, both service  
capability and customer are crucial factors for sustainable business success. As for 
customer, they enjoy feeling free to select from a large range of products/services, and 
being convenient to acquire what may best fit; when it comes to service provider’s 
viewpoint, customers and their requirements are regarded as valuable resources be-
cause they imply new service trends or more business opportunities. 

In the light of this notion, bilateral resource integration service mode (BIRIS) is 
proposed. Instead of taking a separate view at the value of customer and service capa-
bility like what we traditionally do, it takes both sides of service participants as  
customers. BIRIS employs a third-party platform as service center, thus attracting 
customers all the way to service providers with gathering/integrated power, and vice 
versa. Connections between customers and providers are established rapidly, and 
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collaboration among providers, competition among providers, as well as optimized 
service provision/distribution is facilitated, too. Improved interaction between cus-
tomer and provider is achieved by setting up credit/reputation archives to regulate 
their behaviors in business activities.  

BIRIS is supposed to have following characteristics: personalized new service con-
tent or service delivery method; added value for both sides of service participants; 
establishment of service center or delivery center; integration of distributed service 
resources into virtual service resources; adaptive solution or service evolution ap-
proach; life cycle oriented service quality assessment, and service recommendation 
and optimization based on it; accumulation and utilization of historical 
credit/reputation records of service participants; IT enabled especially Internet based 
service supporting platform. 

BIRIS comprises three parts: customer, service center and service provider. As an 
open platform�service center lies between customers and service providers, organ-
izes customer requirements and resources, and makes mutual recommendation for 
both sides through configuration and algorithmic approaches, performing monitoring 
and administrative functions. As two main types of participants, customer and pro-
vider, both register to the platform to enjoy membership. Customers can either take 
what the platform recommends or issue personalized requirements to get desirable 
services; while service providers need to register their services to the platform by unit 
of what is often recognized as service component to make their service capability 
available for direct usage or as building blocks for constructing new services. 

Resource integration is a key concern in BIRIS. Besides feature of integrating 
multi-source service resources, BIRIS views resources from both customer and pro-
vider sides, regarding both customer and provider as valuable resources. In BIRIS, 
customers and their current/potential requirements, service capabilities and service 
entities that enabling them as well as service products are considered as service re-
sources, while records of resource utilization fall into category of service assets. 

Both sides of resources are important. Plenty of service providers are important be-
cause more service resources from different sources mean greater service capability, 
which provide more opportunities and higher possibility for customers to found satis-
factory services, thus attracting more and more customers to john this platform; Con-
versely, plenty of customers are of equivalent importance because they are the main 
(perhaps potential) sale points for platform to attract providers to participate in. The 
sharing of customers among providers multiplies the size of potential customers of 
each provider and enables service providers to bear greater missions through collabo-
ration with other. 

As said at the beginning, the flourish of resources from both sides can easily results 
in greater difficulty in finding appropriate candidates dynamically for one specific 
task, within limited computational complexity. The solution proposed here is the 
concept and utilization of virtualized service resource (VSR). VSR simplifies service 
integration in both static and dynamic phases by setting one upper layer beyond re-
sources, which means the recommendation of resources based on insight upon the 
group feature of customer preferences and the recommendation based mainly upon 
the personalized requirements of one specific customer are both done at a higher level 
of abstraction. 
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2   Related Work 

Currently, several approaches have been done to establish rapid connections between 
customers and suitable service resources. Non-automatic service composition is a 
classical approach where service processes are predefined in BPEL [1] and individual 
services are composed manually in a static manner. This approach is effective under 
circumstances when the number of available services is small. To pursue high effi-
ciency and improved quality, automatic service composition [2] is proposed and it 
soon becomes a hot spot in research aiming at automating the discovery and process 
planning of services. Though integration can be achieved dynamically, the computa-
tional cost for such planning is severe and further studies are still needed to make it 
more practical. Furthermore, personalization might be considered incomplete in those 
approaches due to inadequate exploitation to historical service records. Actually, 
personalized aggregation of information resources has already been done commonly 
in information retrieval [3], where each individual is presented with multiple re-
sources supposed fit to him/her, and both current and potential trends are acquired or 
predicted in [4] by data mining methods to delivery service content responding 
quickly to market trends. Though personalization is done in a large scale, the deliver-
ables are still limited to single resources, instead of resource bundles. 

Customer community [5] and service community [6] are two approaches proposed 
to partially tackle these problems. In a customer community, relationships among 
customers are emphasized and customers are grouped by cluster analysis. Social net-
work [7] and small world theory [8] are commonly adopted to discover routines in 
reputation propagation for community-guided resource integration. Service commu-
nity is supposed to accelerate service composition by organizing service resources in 
fine structure and persisting historical composition cases. It makes it possible that a 
request is responded with well-defined compositing results rather than always con-
sider single services as first choice. 

In above approaches, either the management of customer requirements or that of 
historical compositing results is omitted or incomplete. Our solution is to take a com-
prehensive view towards service participants and to utilize concept of virtualization to 
combine accumulative/gradual way and real-time way together for rapid resource 
integration and scaled personalization. Instead of doing real-time composition each 
time a request arrives, dozens of requirements and resources are both abstracted into 
virtual images which are to match with each other. Virtualized service resources are 
extremely suitable for exploiting patterns by data mining, and through the organiza-
tional description of VSR from both requirement and capability specific levels, scaled 
personalization is greatly eased as well. 

3   Service Resource Virtualization 

Virtualization is a process that abstracting real resources into images to accelerate and 
simplify affairs irrelevant to practical execution. In section 3.1, a global framework of 
virtualization is to be introduced, and virtualized service resource is to be specially 
discussed in section 3.2. 
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3.1   Bilateral Resource Virtualization Mechanism 

Service resource is emphasized in this paper, but in BIRIS, virtualization is a two-side 
process done to both requirement and resource. To distinguish different processes of 
virtualization in BIRIS, we call the virtualization result of individual requirement 
virtualized requirement or task, and that of individual resource virtualized service 
resource. The operation mechanism of virtualization is shown in Fig.1.  

Individual 
requirement

Virtualized 
requirement/Task

virtualization

Virtualized service 
resource (VSR)

Individual 
resource

virtualization

Matching/mapping

 

Fig. 1. Operation mechanism of Virtualization in BIRIS 

Firstly, individual requirements are clustered into tasks based on similarity analy-
sis, so that each task may comprise a group of similar requirements. To split large 
tasks into associated smaller ones and to merge mutually independent small tasks into 
larger ones are all possible strategies to make them more suitable for matching with 
VSRs, which are virtual images of real service resources and are gradually accumu-
lated and dynamically adjusted. 

Secondly, tasks are filtered to reject ones that are undesired or impossible to be ac-
complished; tasks are ordered according to predefined or calculated priorities to ob-
tain optimal processing sequence complying with platform’s strategy; possible new 
tasks are predicted based on statistical analysis on historical tasks to make appropriate 
adjustments on VSRs in advance for better future performance. 

Thirdly, tasks are mapped to existing VSRs to obtain optimal requirement-resource 
pair; modifications to VSR might be necessary to get a perfect match. In case of fail-
ure, new virtual resources needs to be generated based on existing available service 
resources. 

Finally, real service resources corresponding to each specified VSR are designated 
for some functions following certain rules. With assistance of possible human activi-
ties or other external actors in the service eco-system, IT platform is able to run 
smoothly fulfilling tasks which will directly or indirectly fulfill the original require-
ments from customers. 

3.2   Virtualized Service Resource 

Virtualized service resource is paid special attention to in this paper and viewed from 
life cycle’s perspective. Virtualized service resource (VSR) is a virtual image of ser-
vice capability (including service products, as long as they can serve customers) in 
real service systems. Several resources can be virtualized into one VSR, which can be 
recognized as a solidified storage of service composition; while one resource can have 
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multiple images on the platform for different purposes. To state in a formal way, 
VSR= (vName, vFunction, vElement, vStructure, vTrait, vUtilization), where vName is 
the name of VSR, vFunction is the function/purpose of VSR, vElement is the real re-
sources corresponding to VSR, vTrait is quantified parameters in different aspects of 
VSR exhibiting its unique feature, vStructure depicts the organizational/logical struc-
ture of real resources, and vUtilization represents its utilizing information, e.g., 
method of usage, using frequency and so on. 

Virtualized service resource reflects the conviction of rapid service resources inte-
gration by combining the static and dynamic integration approaches together. Instead 
of compositing resources dynamically according to real-time requirements, VSR 
seeks to exploit promising solutions from previous endeavors. The cost of doing 
modification or partial replacement to an existing solution is far lower than construct-
ing a brand new one. 

VSR supports scaled personalization during resource integration. Personalized re-
quirements of individuals are delivered in differentiated multiple facets representing 
customized characteristics. After a suitable VSR are designated for one piece of re-
quirement, facets of the requirement are associated with it, too. So when requirements 
are issued again by this customer, VSRs that fit her/his own style will be approved as 
initial candidates. Also, as we mentioned above, based on statistical computation on 
massive cases, useful behavioral or content related routines about customers are 
promising to come out, making it possible to offer reliable and feasible recommenda-
tion to single customer. 

4   Life Cycle of Virtualized Service Resource in BIRIS Scenario 

The basic process of resource integration utilizing concept of virtualization has been 
described roughly in section 3.1. As a key product of virtualization, VSR reflects the 
mass integration nature of BIRIS distinctly. Similar to web service composition [9], 
VSR has a life cycle of four stages: establishment, selection/modification, runtime 
usage and discard, as shown in Fig.2.  

In this section, a life cycle view towards VSR is presented specially to obtain a de-
tailed insight into it. 

Establishment
of VSR

Discard
of VSR

Selection
of VSR

Runtime usage
of VSR

Management of VSR
 

Fig. 2. Stages of life cycle of VSR 

4.1   Establishment of Virtualized Service Resource 

All services emerge for requirements. As illustrated in Fig.1, individual requirements 
from customers are virtualized into tasks as a start. Generally, tasks are compared 
with VSR from different aspects (○2 in Fig.3). If the similarity between a task and a 
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VSR surpasses certain threshold, small modifications might be needed to adjust exist-
ing VSR/task to make a perfect match. Particularly, if it’s already a satisfactory  
task-VSR pair, mapping is directly done between them; in case of failure, a dynamic 
service composition (○1 in Fig.3) algorithm is employed to integrate resources directly 
from individual ones in real-time.  

Individual 
requirement

Virtualized 
requirement/Task

Virtualization

Virtualized 
service resource

Individual resource

Virtualization

2

1
Dynamic 

integration

3
Recommendation

Matching/
mapping

Data or behavioral 
analysis

Injection

Service
customer

Service provider  

Fig. 3. Generation of virtualized service resource 

After formation, the newly generated VSR is injected into VSR-repository and 
tasks are stored as well; with accumulated VSRs, community oriented analysis can be 
done to disclose prevailing trends or predict new trends of customer requirements. 
Individual oriented analysis is also possible to advance personalized recommendation 
to each specific customer (○3 in Fig.3). 

4.2   Selection of Virtualized Service Resource 

The process of resource integration is the process of service selection and matchmak-
ing. Multiple resources are selected to perform necessary functionalities and to exert 
desired outputs. Global performance is assessed to determine how these resources 
match with each other, thus attaining resource selection with global optimization. 

As defined in section 3.2, VSR is a sextuple. The attributes or aspects that need 
comparing with requirements are represented by vTrait as a set. Formally speaking, 
vTrait= (Input/Output, Quality, Credit/Risk), where Input/Output is sets of input and 
output of VSR, Quality is a set of service quality metrics indicating performances of 
VSR, and Credit/Risk is the overall reputation or risk of VSR. Differing from quality 
which is independent, reputation follows certain propagation rule among resources 
according to underlying social/business relations among service providers. Similar to 
VSR, task is a virtualized image of individual requirement and its a triple, Task= 
(tTraits, tConstraints, tObjectives), where tTraits is a set of the aspects which  
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requirements are describing in, and is a subset/counterpart of vTrait in VSR definition, 
tConstraints is a set of restrictions on these aspects, and tObjectives is a set of priori-
tized targets to be pursued and optimized globally. 

Sequenced tasks are picked out one by one for VSR retrieval. Besides functional-
ity, quality and credit/risk relevant metrics are also taken into account for multi-
dimension similarity assessment. Each dimension is weighted to represent priority and 
domain ontology [10] might be adopted to clarify the concepts in services and to 
represent the semantics of input/output. 

In VSR facilitated resource integration, each service bundle represented by VSR is 
shown to the outside as a whole, so internal trivial will not be paid attention to, which 
is supposed to ease the integrating process dramatically. Even on occasions that VSR 
needs modifications or partial replacements, workload is believed to be relieved, too. 
Moreover, further exploitation can easily be done based on VSR opposed to analysis 
by combining specially purposed using records and individual resources dynamically 
together. 

4.3   Runtime Usage of Virtualized Service Resource 

Virtualization of resources guarantees the transparent classification, linkage, and 
integration of heterogeneous service capabilities, as well as global optimized deploy-
ment in both build-time and run-time phases. Once a VSR is designated for a task, 
there should be some means enabling corresponding resources to really work. Several 
techniques might be adopted to achieve this goal:  

1) Virtualization of human activities. Most business processes cannot run auto-
matically, thus needing participation/assistance of human to perform a complete and 
smooth run. BPEL4People [11] and WS-HumanTask [12] are proposed standards or 
specifications to virtualize human interference into software interfaces. Two types of 
interfaces are provided via virtualization, machine-machine interface and human-
machine interface. The first one is for programs to invoke and the other is for human-
machine interactions, including notifying people of manual operations and notifying 
program of human activity ending.  

2) Web service [13], semantic web service [14] and web service composition tech-
nologies. Languages like OWL-S [15] and BPEL are two dominating specifications 
for describing and executing services. Access to VSR with OWL-S or BPEL descrip-
tion can be achieved through Internet for direct invocation. 

4.4   Management of Virtualized Service Resource 

VSRs are organized in a two-tier structure in repository, i.e., capability specific layer 
and requirement specific layer from bottom to up. In capability specific layer, VSRs are 
ordered by values in each aspect from favorable to unfavorable, forming multiple se-
quences/queues which can be seen as recommended service solutions determined by 
VSR itself. Based on these sequences, personalized feature-domains can be discrimi-
nated by their differentiated emphasis on these aspects. These domains are highly re-
quirement specific thus forming requirement specific layer. Each customer may have a 
corresponding domain as far as he ever participated in the service. VSRs inside each 
domain are ordered by using frequency, which is adjusted after usage and in case of 
expansion, new VSR should be neatly inserted into these two levels of sequences. 
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So VSRs are scattered in a multi-dimension conceptual space, with each dimension 
corresponding with an independent aspect. Then new comprehensive features are 
setup as new dimensions roughly representing individual characteristics of each or 
several personalized requirements. Adjustment to the orientation of VSRs is also 
necessary when VSRs are modified based on quality monitoring results, reputation 
records of resources, or even feedbacks from customers after practical operation. 

4.5   Discard of Virtualized Service Resource 

Customer requirements in services are continuous changing and new trends never stop 
to emerge. To keep virtualization mechanism work efficiently, VSRs with little possi-
bility of usage should be removed from repository. Many classical strategies such as 
LRU (Least Recently Used), LFU (Least Frequently Used) are all applicable for VSR 
removal. 

5   Conclusion and Future Work 

A virtualization based new service mode called BIRIS is proposed. In BIRIS, Service 
providers are participants of virtualization featured service ecosystems where chances 
of cooperation and competition become inevitable and are both increased dramati-
cally, which makes them more dedicated to enhancing their advantages as well as 
improving their weak points for sustained profits. As one of the most crucial feature 
of requirement-resource mapping/matching mechanism, this paper holds a life cycle 
view towards VSR, and focuses on its merits in facilitating large scaled personaliza-
tion and accumulating service bundles by which in case of usage, cooperation agree-
ments are gained quickly.  

This paper introduces virtualization featured BIRIS inside which the organizational 
structure and operational mechanism and VSR are specially emphasized. It’s just a 
framework and more detailed research is to be done. Though lots of efforts have been 
paid on forecasting the mainstream trends of customer requirements in dominant 
service systems, but in BIRIS environment, individual’s enjoyable experience are 
emphasized where virtual personal service are flourishing. Personalization brings 
about various individual requirements styles that we can never expect in prediction, so 
methods ensuring successful matches with smallest cost of modification to existing 
instructions might be the next research point. 
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Abstract. The service system is the basic abstraction of Service Science. This 
paper proposes the Resource-Service-System model as a conceptual model of 
service systems interacting in service exchanges, assuming a service-dominant 
logic economic worldview. The paper explains how the model was developed 
starting from the Resource-Event-Agent business model ontology, taking into 
account insights gained from studying Service Science literature and existing 
service ontologies. The paper also explains how different model views can con-
tribute to study various aspects of service systems and exchanges. 

1   Introduction 

Service Science is the study of the application of the resources of one system for the 
benefit of another system in the context of an economic exchange [1]. The systems 
referred to in this definition are service systems [2]. In [1] the service system concept 
has been formally defined in terms of general systems theory, assuming a view on 
economic activities that can be described as Service-Dominant Logic (SDL) [3]. In 
SDL each economic exchange between natural or legal persons is viewed as an  
exchange of service for service, where service is considered as the process of doing 
something for another party. This stands in contrast with the dominant economic 
worldview, Goods-Dominant Logic (GDL) [3], in which goods (tangible production 
outputs embedded with value) are the focus of economic exchanges and services are 
merely seen as an intangible type of output or an add-on that enhances the value of 
goods [4]. 

A recent symposium on Service Science emphasized the need for modelling and 
simulation tools to help studying service systems [5]. Current challenges for Service 
Science include the formal representation and measurement of work in service sys-
tems [2] and the development of a shared vocabulary (i.e. an ontology) to describe 
service systems [1]. This paper aims to contribute to Service Science by proposing a 
conceptual model of service exchange in SDL. The model is intended as an instru-
ment to be used in the study of service systems and their interaction in the context 
of service exchanges. The model is not portrayed as an ontology for service or ser-
vice systems as in its present form it does not satisfy criteria like being completely 
and explicitly specified and being formally represented. As it stands, the model is a 
conceptualization that might provide a basis for further ontology development. 
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Business modelling plays an important role in Service Science [6]. Although many 
sorts of things can be viewed as service systems, including persons, families, cities 
and government agencies [1], enterprises constitute a major category of service sys-
tems when service exchanges are considered in an economic context (as is done in 
SDL). A business model expresses the business logic of an enterprise in terms of 
objects and relationships that allow “a simplified description and representation  
of what value is provided to customers, how this is done and with which financial 
consequences” [7]. Modelling enterprises as service systems, emphasizing the appli-
cation of their resources for the benefit of other systems in the context of economic 
exchange, is therefore a business modelling effort.  

Business modelling knowledge has been specified and formalized in business 
model ontologies, which offer concepts in terms of which business models can be 
articulated. According to [8], the most comprehensive and well defined ontologies for 
business models are the Resource-Event-Agent (REA) ontology [9], the e³-value 
ontology [10], and the Business Model Ontology (BMO) [11]. BMO takes the per-
spective of a single enterprise facing its environment without focusing on the actual 
economic exchanges between the enterprise and actors in its environment. REA and 
e³-value are different as they emphasize the creation of value through economic  
exchanges. E³-value contains concepts to describe networks of actors exchanging 
value objects (i.e. things of value) as well as value activities, meaning activities per-
formed by these actors to create the value objects. REA is centred on constellations of 
resources, events, and agents that are mirrored through the principle of economic 
reciprocity. It contains concepts to describe what things of value (e.g. goods) an  
enterprise gives up in exchange for other things of value (e.g. money) it takes in, 
clearly identifying which parties are involved in these exchanges.  

Service systems are configurations of resources [1] and being able to represent the 
resource composition of service systems and the resources applied in services is an 
important requirement for the conceptual model of service exchange. Whereas mir-
rored Resource/Event/Agent constellations can also account for internal conversion 
processes (i.e. converting raw materials into finished goods) [12], the production of 
value objects cannot be described in detail using e³-value as value activity is a ‘black 
box’ concept. E³-value puts resources in the picture only if they flow between value 
activities or actors. REA is able to identify all resources needed to produce value. 
Therefore, REA was chosen for providing a foundation for the conceptual model of 
service exchange.  

The rest of this paper is structured as follows: section 2 contains background material 
and discusses related work. Section 3 presents in an incremental manner the proposed 
conceptual model of service exchange in SDL. Section 4 concludes the paper. 

2   Background and Related Work 

2.1   Service-Dominant Logic and Service Systems 

Service in SDL is defined as the application of specialized competences (knowledge and 
skills) for the benefit of another entity [13]. SDL replaces the traditional classification of 
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products as either goods or services1 by the distinction between operand and operant 
resources. Operand resources are passive resources that require action to make them 
valuable, whereas operant resources are active resources that are capable of creating 
value. Competences are embodied in operant resources and the acting of operant re-
sources upon other resources is what constitutes service. For instance, a car mechanic is 
an operant resource that embodies car repair/servicing knowledge and skills and that 
uses operand resources like garage tools, facilities (e.g. a garage pit) and consumables 
(e.g. motor oil) to repair or service a car, which is another operand resource.  

 

Fig. 1. Definition of service in terms of relationships and actions among service provider, ser-
vice client, and service target [2] 

It is important to notice that goods do not disappear in SDL as they are conveyors 
of competences [4], e.g. it is via the garage tools, facilities, etc., that the car re-
pair/servicing competence is applied to the car. Further, it is clear that service is a 
collaborative value creation process in which there is neither value producer nor value 
consumer, but each party co-creates value by bringing in or making accessible its 
unique resources [4]. In the example, the car owner needs to make his car accessible 
for repair or servicing, otherwise no service is possible and no value is created. SDL 
stresses this resource integrator role of the service beneficiary [15]. An entity benefits 
from a service by integrating the competences applied by another entity into its own 
resources.  

The entities involved in a service are service systems, meaning “value-coproduction 
configurations of people, technology, other internal and external service systems, and 
shared information (such as language, processes, metrics, prices, policies, and laws)” 
[16]. Service systems interact in the role of service provider or service client. Fig. 1 
shows a service system A (the service provider) taking responsibility for transforming 
or operating on a service target C that is owned by service system B (the service client). 
The model shows that the intervention of both service systems A and B is required to 
create value for the service beneficiary (i.e. the service client). 

                                                           
1  Traditionally, services are viewed as second-class products that suffer from ‘shortcomings’ 

like intangibility (inability to perceive by the senses), heterogeneity (inability to standardize), 
inseparability (of production and consumption) and perishability (inability to store) [13], [14]. 
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Recently, Maglio et al. [1] defined the service system concept in terms of SDL. In 
this view, service systems are configurations of resources2, of which at least one oper-
ant resource, that interact to co-create value. In our example, both the garage and the 
car owner are service systems. The garage applies operant and operand resources (e.g. 
the competence embodied in the car mechanic, a garage pit, tools, etc.) and the car 
owner integrates these applied resources with the car (i.e. an operand resource con-
trolled by the car owner) by making the car accessible for servicing.  

The shift from GDL to SDL represents a shift in the logic of economic exchange 
rather than a shift in the type of product under investigation [4]. In SDL, service is 
exchanged for service on the basis of voluntary, economic reciprocity. Accordingly, 
Maglio et al. formally define a service system as “an open system (1) capable of  
improving the state of another system through sharing or applying its resources (i.e., 
the other system determines and agrees that the interaction has value), and (2) capable 
of improving its own state by acquiring external resources (i.e., the system itself sees 
value in its interaction with other systems)” [1]. Hence, service systems do not inter-
act to create value for just one of them. They interact in mutually reciprocal services 
such that value is created for both of them. The garage applies resources to improve 
the state of the car owner (i.e. the car owner perceives benefits in having his car  
repaired or serviced) and the car owner applies resources to improve the state of the 
garage (i.e. he transfers money from his account to the garage’s account). Paying the 
garage is the reciprocal service for repairing or servicing the car. 

Service exchange is the economic motive for service systems to engage in interac-
tions with other service systems. This reality is not represented in Fig. 1. This paper 
proposes a conceptual model of service systems interacting in services with an  
explicit representation of service exchange. To explain the basis for this conceptual 
model, the next sub-section reviews REA. Next, three ontologies are reviewed that 
describe the nature of service and related concepts. 

2.2   The Resource-Event-Agent Ontology 

REA originates in an accounting data model proposed by William E. McCarthy in 
1982 [17]. Fig. 2 shows the core concepts and relations of REA; further ontological 
extensions and refinements have been proposed [9], [12], [18], [19]. An economic 
resource is a valuable good, right, or service that is presently under the identifiable 
control of a particular person. Person, in this context, must be read as a natural or 
legal person, recognized by law as having legal rights and duties, able to make com-
mitment(s), assume and fulfil resulting obligation(s), and able to be held accountable 
for its action(s) [20]. An economic resource is under the control of a person if that 
person owns the resource or is able to derive economic benefit from it [20]. An eco-
nomic event is an occurrence in time that results in an inflow or outflow of economic 
resources in the context of an economic exchange of economic resources between 
persons. An economic agent is a person that is responsible for an economic event that 
occurs in the context of an economic exchange. Two economic agents participate in 
 

                                                           
2  Including physical resources with legal rights (people), conceptual resources with legal rights 

(organizations), conceptual resources treated as property (shared information) and physical 
resources treated as property (technology) [1]. 
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Fig. 2. Basic Resource-Event-Agent Model (based on [19]) 

each economic event: one agent in the role of provider of economic resources and 
another agent in the role of receiver of economic resources. 

REA emphasizes that enterprises create value through economic exchange. Fig. 2 
can therefore serve as a conceptual model of economic exchanges of resources  
between agents. Resources are exchanged through dual economic events, in which 
each event has two roles: increment event for the receiving agent and decrement event 
for the providing agent. The duality relation between increment and decrement events 
has the status of an ‘axiom’ in REA, signifying that agents will only participate in 
economic exchanges on the basis of economic reciprocity (i.e. quid pro quo). The loss 
in value that is caused by giving up resources must be balanced by a gain in value that 
is caused by getting other resources. 

Being rooted in the accounting discipline, REA assumes the traditional GDL 
worldview and considers services as a type of economic resources.3 This means that 
services can be exchanged for other economic resources. For instance, the garage and 
the car owner can exchange a car repair service for money. The flow of resources is 
caused by economic events. So apart from identifying car repair service as an eco-
nomic resource, it is necessary to identify an economic event that causes the car repair 
service to flow from the garage to the car owner. This event, e.g. service delivery, is a 
decrement event for the garage and an increment event for the car owner. In return the 
car owner pays the garage, causing a flow of money from car owner to garage. Pay-
ment is the dual economic event of service delivery. 

The view of service as a resource stands in sharp conflict with SDL which con-
siders service as a process. The REA distinction between services (as economic 
resources) and services delivery (as economic events) is therefore not supported by 
SDL. According to SDL, resources have no intrinsic value but are valued through 
their application (in a service) and integration with other resources [13]. This con-
tradicts the REA view of services delivery as a decrement event for the provider 
(i.e. the provider loses value) and an increment event for the receiver (i.e. the re-
ceiver gains value). So, although REA offers a conceptual model of economic ex-
change, in its current form it is invalid as a conceptual model of service exchange in 
SDL. 

                                                           
3  The view of ‘service as a resource’ implies that at any moment services can be materialized, 

which is required for valuation of enterprises. 
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2.3   Service Ontologies 

Weigand et al. [21] propose the Basic Service Ontology, which is based on REA 
concepts (Fig. 3). A distinction is made between two types of resources: external 
resources are those that can be exchanged between agents whereas internal resources 
cannot be exchanged. Consistent with the GDL/REA view, a service is an external 
resource “as it is viewed as valuable by some agent and can be exchanged between 
agents” [21]. Unlike REA, the special nature of services is recognized as they are 
external resources that have as goal to modify and add value to other resources. This 
is modelled by the hasGoal relation between service and economic event. The eco-
nomic resources that are modified are identified via the concerns relation.  

The realization of a service is distinguished from the service itself. A service can 
be realized in different ways (modelled as the realizes relation with process) and 
service realization processes are governed by policies, which are internal resources. 
To address workflow and service composition aspects in realizing services, the work 
process concept is introduced. 

Although not shown in Fig. 3, the Basic Service Ontology also recognizes that ser-
vice exchanges meet the REA duality axiom. The view that services are resources that 
can be exchanged is however not in line with SDL. Further, the value co-creation that 
is so essential for the SDL view on service is not addressed very well, as agents con-
trol resources and execute work processes but it is nowhere implied that agents should 
collaborate, each bringing in their own resources [4], to create value. In SDL, service 
is a collaborative process and not something that is produced by one party (i.e. service 
realization) and then consumed by another party (i.e. achieving the service’s goal). 
The decoupling of production and consumption is typical GDL thinking where it is 
promoted for efficiency reasons [4]. 

Other ontologies of service or service system have been proposed or are being de-
veloped. In [22], Alter gives a theoretical foundation for the concept of service system 
using Work System Theory, which is recognized as another normative view on  
describing service systems and explaining their behaviour [5]. A work system “is a 
system in which human participants or machines perform work using information, 
technology, and other resources to produce products and services for internal or ex-
ternal customers” [22]. According to [22] there is no significant difference between 
the concepts of service system and work system. Hence, the ontology that is being 
developed for work systems (called Sysperanto [23]) could serve as an ontology of 
service systems. However, as evidenced in the work system definition, the production 
of services corresponds to GDL rather than SDL as it implies a ‘service as a resource’ 
view. 

An interesting development is Ferrario’s and Guarino’s ontological foundation of 
Service Science grounded in the DOLCE upper-level ontology [24]. According to 
[24] “a service is present at a time t and location l iff, at time t, an agent is explicitly 
committed to guarantee the execution of some type of action at location l, on the  
occurrence of a certain triggering event, in the interest of another agent and upon prior 
agreement, in a certain way”. The basic idea is that there is a commitment state in 
which one agent guarantees the execution of some type of action in the interest of 
another agent. This commitment state is the service [25]. In terms of the DOLCE 
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Fig. 3. Basic Service Ontology [21] 

ontology, it is a static event, i.e. an entity which occurs in time. Ferrario and Guarino 
argue that, because a service is an event and events cannot be owned, a service can-
not be transferred [24]. Ferrario and Guarino conclude that “it seems legitimate to 
assume that goods are objects (endurants, in DOLCE’s terms), while services are 
events (perdurants)” [24]. This conclusion is in line with SDL (‘service as a process’) 
and contrasts with the previously discussed works that consider service as a resource. 

The proposal by Ferrario and Guarino also extends to service outside the business 
realm. In [25] they provide examples of public and social services like fire and rescue, 
snow removal, and child care. They argue, for instance, that here and now there is a 
commitment state called fire-and-rescue service even if at this very moment there is 
no fire here and no rescue actions are being performed. In [24] the example of a car 
repair service is given. The commitment state starts when a mechanic commits with a 
Public Administration (like a Chamber of Commerce) with a subscription act. Starting 
from that moment, the mechanic guarantees that he will execute a certain type of job 
according to the local rules. Although following the line of reasoning of Ferrario and 
Guarino, the car repair service now exists, there have been no interactions yet with the 
beneficiaries of the car repair service (i.e. car owners of broken cars). It seems that the 
understanding of service that is articulated by Ferrario and Guarino is different 
(broader?) than the understanding posited in this paper. Also because the concept of 
service system as a configuration of resources [1] is not prominently present in the 
ontological structure of service proposed by Ferrario and Guarino, the conceptual 
model of service exchange proposed in this paper was developed starting from REA 
and Weigand et al.’s proposal, leaving the alignment with the proposed DOLCE 
foundation for Service Science as a topic for future research. 
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3   The Resource-Service-System Model 

In a first sub-section, the basic conceptual model of service exchange in SDL is pre-
sented. A second sub-section extends this basic model with additional model views, 
capturing different aspects of service systems and their interaction in services. 

3.1   Basic Service Exchange Model 

SDL positions service as a process and not as a type of product as in GDL. The onto-
logical analysis by Ferrario and Guarino [24], [25] supports the SDL view by classi-
fying service as event. Therefore, in an SDL interpretation of REA, service maps 
closer with economic event than with economic resource. Economic events cause 
flows of resources. A service is the acting of one or more operant resources on one 
or more other resources (operand, but possibly also operant [1]). From an economic 
perspective, the acting of operant resources that embody competences (e.g. the car 
mechanic) presents a cost (e.g. labour cost). Operand resources that are acted upon 
may be conveyors of competences and their use (e.g. garage tools and facilities) or 
consumption (e.g. motor oil, tires) is another cost. The resources that the operant 
resources are applied to (possibly via conveyor operand resources) are also acted 
upon and may also present a cost (e.g. a car that is being repaired cannot be used by 
its owner, the car owner spends time and effort bringing the car to the garage, etc.), 
but more important is that the integration creates value. A repaired car has more 
value than a broken car, which is true for both value in use (the SDL perspective) as 
value in exchange (the GDL perspective) [13].  

Based on the similarities between the REA concept of economic event and the 
meaning of service in SDL, including their respective relations with resources, the 
conceptual model of service exchange in SDL is constructed starting from the REA 
conceptual model of economic exchange (Fig. 2) by replacing economic event with 
service (Fig. 4). Like REA economic resources, resources in SDL are under the 
control of a particular person. If economic exchanges are service exchanges then the 
persons controlling resources are service systems (meaning configurations of re-
sources [1]). Therefore, the service system concept is introduced in the model. As 
shown in Fig. 4, a service system is an aggregate of resources that are controlled by 
the system. The resource concept is specialized into operant resources and operand 
resources instead of goods, services and rights. According to [13] the distinction 
between operant and operand resources can enrich the conceptual foundation of 
Service Science as service systems are driven by operant resources rather than op-
erand resources. The model shows that at least one operant resource must act in a 
service and at least one resource must be acted upon, meaning that service implies 
the application of competences which must be integrated with other resources to 
create value. These acts_in and be_acted_upon_in relations replace the inflow and 
outflow relations of REA. 

The emphasis that REA puts on identifying the persons that are responsible for 
economic events can be explained by the importance of concepts like governance and 
control in management (accounting) literature. Enterprises can delegate the responsi-
bility for an economic event to an employee or a subcontractor and this agent can 
subsequently be held accountable for the event. This emphasis is not found in the 
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Fig. 4. Basic Resource/Service/System Constellation 

SDL literature, so the basic model in Fig. 4 does not include an SDL interpretation of 
economic agent. Instead, the service systems involved in a service are explicitly iden-
tified via value co-creation roles. A resource provider co-creates value with another 
service system (i.e. a resource integrator) for the benefit of that other system by  
providing/applying resources. A resource integrator co-creates value with another 
service system (i.e. a resource provider) for its own benefit by integrating the re-
sources provided/applied by the other system. The term resource provider/integrator 
is deliberately chosen as in all reviewed service (system) ontologies (see sub-section 
2.3), references are made to service provider/client/producer/consumer, which do not 
make sense as in SDL a service cannot be transferred between parties, be produced by 
one party, or be consumed by one party.  

Finally, the model shown in Fig. 4 also includes a number of constraints, modelled 
using multiplicity constraints or described textually4, which are derived from the SDL 
definitions of service, service system and service exchange provided in [1]. 

The car repair or servicing example can be used to illustrate the model shown in 
Fig. 4, which can be referred to as the Basic Resource/Service/System Constellation. 
If, for instance, an oil change is the service, then a garage and a car owner participate 
in the service in the respective roles of resource provider and resource integrator. The 
car mechanic is an operant resource controlled by the garage that acts upon the car 
which is an operand resource controlled by the car owner. In the service, other oper-
and resources controlled by the garage (e.g. motor oil, a garage pit, etc.) are acted 
upon as they convey the oil change competences embodied in the car mechanic that 
are applied to the car.  

The Basic Resource/Service/System Constellation is not a complete conceptual 
model of service exchange as the reciprocal exchange of services between the service 

                                                           
4  As the model is articulated using UML, these constraints can also be specified using OCL. 

For this paper, readability and clarity is more important than precision and formality; there-
fore a textual description was chosen. 
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systems is not represented. In other words, the REA duality relation is not repre-
sented. Fig. 5 offers a model view that can be integrated with the Basic Re-
source/Service/System Constellation and that includes a bidirectional is_reciprocal_of 
relation between services. This Service Exchange View shows via mandatory partici-
pation constraints that each service needs a reciprocal service. This means that when a 
service system provides resources for a service that benefits another service system, 
then this other service system must provide resources for a requiting service that 
benefits the first service system. So, in the requiting service the resource provider and 
resource integrator roles of the service systems that co-create value are switched. 

 

Fig. 5. Service Exchange View 

In the car repair example, the garage is a resource provider in the car repair service 
and a resource integrator in the requiting payment service, whereas the car owner is 
the resource integrator in the car repair service and the resource provider in the requit-
ing payment service. The car repair service and the payment service are reciprocal, or 
in REA terms, dual services. 

The integration of the Basic Resource/Service/System Constellation (Fig. 4) and 
the Service Exchange View (Fig. 5) is a conceptual model of service exchange in 
SDL. This model will be referred to as the Basic Service Exchange Model. 

3.2   Additional Model Views 

The Basic Service Exchange Model does not show that service systems are them-
selves resources, more particularly operant resources [1]. As service systems are  
resources, service systems can be composed of other service systems as shown in the 
Service System Composition View (Fig. 6). As mentioned before (sub-section 2.1), a 
composition of resources needs to include an operant resource, otherwise it cannot be 
considered a service system. 

Maglio et al. [1] stress that service systems are highly dynamic, meaning that they 
frequently compose, recompose and decompose over time. The Service System Com-
position View can be used to keep track of the resources that at any given moment are 
comprised by a service system. It can for instance be used to identify all the resources 
(or only those considered relevant for a particular application) that together make up a 
garage service system. The Basic Service Exchange Model also relates resources to 
the service systems that control them, but here the idea is more to identify the  
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resources that service systems employ in mutually reciprocal services, for instance to 
identify the operant and operand resources that a garage provides in an oil change 
service. 

 

Fig. 6. Service System Composition View 

The grounding of the conceptual model of service exchange in REA provides an 
interesting ‘accountability’ perspective on service exchanges. The Accountability 
View in Fig. 7 shows that service systems can delegate their resource providing and 
integrating responsibilities to agents that can subsequently be held accountable for the 
service. There is no agent concept in the SDL-based service system definition pro-
vided in [1], so the model view that is described here extends the original service 
system definition. 

Regarding the participation of agents in services, two accountability roles can be 
distinguished. A resource providing agent acts on behalf of the service system that is 
the resource provider in the service. A resource integrating agent acts on behalf of the 
service system that is the resource integrator in the service. An agent that acts on 
behalf of a service system is an operant resource controlled by the system. Further-
more, it is an operant resource that acts upon other resources in the service, meaning 
that specific agent competences are employed in the service. The model view in Fig. 7 
further assumes that a service system that is a resource provider or integrator in a 
service can have at most one agent that is accountable for that service. If accountabil-
ity is shared amongst a group of persons, then the group is the agent. 

 

Fig. 7. Accountability View 
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By integrating this model view with the Basic Service Exchange Model, the agents 
acting on behalf of interacting service systems can be explicitly identified. As the 
model in Fig. 7 shows, this identification of agents is optional. If no agents are identi-
fied, then the service system as a whole is held accountable for the service. 

In the example of a simple oil change service, the garage will probably delegate 
the oil change to a car mechanic who has the authority to provide whatever garage’s 
resources necessary for the oil change. If there is no interest in identifying account-
ability relations, then the Basic Service Exchange Model can be used to represent the 
car mechanic as an operant resource controlled by the garage and acting upon other 
resources (including the car controlled by the car owner) in the oil change service. If 
there is interest in accountability structures, then the Accountability View can be 
used to indicate that the car mechanic is not just an operant resource controlled by 
the garage, but that it is acting on behalf of the garage as a resource providing agent. 
Important to note is that in that case the car mechanic can only be held accountable 
for the provision of resources and not for their integration which is the responsibility 
of the resource integrating service system or an agent that acts on behalf of it (e.g. 
the car owner may fail to bring in his car for servicing). 

The last model view that is proposed here is the Service Process View (Fig. 8). The 
service ontologies reviewed in sub-section 2.3 include notions of service process. In 
Ferrario’s and Guarino’s service ontology [24], a service process implements a ser-
vice. It is stated that the various actions that lead to service production constitute this 
service process. Also the Basic Service Ontology of Weigand et al. [21] distinguishes 
services and processes that realize services. Alter provides a model, the Service Value 
Chain Framework, which details the sequence of service encounters that may occur 
“before, while, and after a specific service is delivered to a specific customer” [22]. 

 

Fig. 8. Service Process View 

Service processes that refer to production and delivery of services are hard to rec-
oncile with SDL. An alternative view on the ‘dynamics’ of a service, which is a 
process according to SDL, is the ISPAR (Interact – Serve – Propose – Agree – Real-
ize) model proposed by Maglio et al. [1]. This model poses that value co-creation 
interactions between service systems are service interactions. So a service can  
be seen as being composed of service interactions between the resource providing 
and integrating service systems (Fig. 8). In each of these service interactions, both 
service systems are involved. At least one service interaction is required, before we 
can say that there is a service in which both parties participate. 
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ISPAR is meant as a normative model that covers all possible interactions between 
service systems in terms of ten different outcomes, including both ‘happy’ and ‘un-
happy’ paths. In the ‘happy’ path, a first service interaction takes place when a service 
proposal (i.e. a ‘value proposition’) is communicated. Communication requires a 
sender and a receiver, so both service systems are involved in the interaction. In the 
car servicing example, an effective communication of a service proposal has taken 
place when, for instance, the car owner acknowledges the garage’s proposition of 
conditions and prices for a particular type of car servicing. A second service interac-
tion concerns the reaching of an agreement between both parties on the value proposi-
tion. In the context of a service exchange, agreement is reached on the reciprocal 
services. For instance, the garage agrees to perform a particular type of car servicing 
on a particular date and time and the car owner agrees to bring in his car on the 
scheduled date and time, and pay the garage for the car servicing within one month’s 
time. A third interaction is the realization of value by both parties. For the car owner 
this means that the state of his car is improved and for the garage this means that 
payment is received. The ‘unhappy’ path describes negative outcomes or interactions 
between service systems that do not qualify as service interactions. An example of a 
negative outcome is when the garage is not paid within the agreed period of time. An 
example of a non-service interaction is the car mechanic and car owner discussing the 
current quality and price of motor oil available on the market. 

The Service Process view can be integrated with the Basic Service Exchange 
Model if there is interest in identifying the state in which a certain service is. This 
state can be expressed in terms of the service interactions that have taken place or that 
are currently going on.  

4   Discussion and Conclusion 

The Resource-Service-System model proposed in this paper presents a novel perspec-
tive on modelling service systems as it differs from its REA conceptual foundation 
and the REA-based Basic Service Ontology proposed in [21]. Unlike REA and the 
Basic Service Ontology, the Resource-Service-System model considers service as a 
process (as in SDL) and not as a resource having intrinsic value (as in GDL). Service 
exchanges do not transfer services but are constituted of economically reciprocal 
services, which the model represents as events. Further, service systems are not 
viewed as value producers or consumers but as value co-creators playing roles of 
resource provider and integrator. 

The model may contribute to Service Science in that it can be used to study various 
aspects of service systems. The core of the model, i.e. the Basic Re-
source/Service/System Constellation, can be used to identify all operant and operand 
resources that the resource providing and integrating service systems contribute in a 
service, which is interesting from a service management perspective (e.g. for cost  
accounting and pricing purposes). Extended with the Service Exchange View, the model 
explicates the economic motive for service systems to engage in service exchanges, 
which is useful for service innovation (e.g. designing new value propositions), market-
ing (e.g. identifying target service beneficiaries), and strategy (e.g. profitability analy-
ses). The Service System Composition View offers additional insight into the resource 
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composition and capabilities of service systems, which is valuable for service operations 
(e.g. resource acquisition, subcontracting and outsourcing decisions). The Basic Service 
Exchange Model extended with the Service Process View may provide a detailed  
account of service interactions between resource provider and integrator, which is inter-
esting from a service engineering perspective (e.g. for measuring and improving service 
performance as indicated in [1]). Finally, the Accountability View can be used to iden-
tify the agents to which service systems delegate resource providing and integrating 
responsibilities, and which can be held accountable for the realization of the service 
benefits (i.e. service governance and control).  

The Resource-Service-System model is a conceptual model but not an ontology. Fur-
ther development is needed to make its specification more complete and formal. Also, 
as ontologies specify shared conceptualizations, the model needs to be evaluated,  
refined and further elaborated by testing it on actual service exchanges involving a wide 
variety of service systems. Future research also includes its alignment with ontologies 
that consider services not only in economic contexts (e.g. the service ontology proposed 
in [24]). We finally wish to point out that the implicit working hypothesis underlying 
the development of the model also needs testing, as the usability of the model depends 
on the usability of SDL as a conceptual foundation of Service Science. 
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Abstract. Traditionally, web services were used in large distributed systems. In 
this paper, we propose an approach to using web services in embedded systems, 
which have small memory footprints. At the heart of our approach lay: (1) the 
use of Apache CXF to extend the OSGi framework with distribution; and (2) 
the adaption of Apache CXF to embedded system platforms such as Java Stan-
dard Edition Embedded, JamVM and Java Micro Edition. We give examples of 
possible application of our approach in a car tracking system and an advertising 
system for car drivers. 

Keywords: Web services, embedded systems, OSGi, Apache CXF. 

1   Introduction 

In recent years, web services and service-oriented architectures (SOAs) have become 
standard technologies for integration of large distributed systems [6, 9]. Web services 
are, however, attractive for embedded systems too. Processors such as ARM/XScale, 
PowerPC and Intel x86 are usually found in embedded systems that are used in vary-
ing environments. Web services offer a way to provide embedded systems with appli-
cations that are needed in specific situations. This is a challenging task in face of 
memory restrictions of embedded systems. 

2   Web Services 

A web service is defined as a software system designed to support interoperable  
machine-to-machine interaction over a network [18]. Web services are currently one 
of the prominent standards of implementing SOAs [6, 9, 10]. Within SOAs, loosely 
coupled applications with well-defined service interfaces can communicate with each 
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other in a highly heterogeneous distributed environment. Web services seek to pro-
vide means of integrating applications using open standards, protocols and languages 
widely adopted on the Web, regardless of the intrinsic heterogeneity of the distributed 
environment. 

In addition, web services employ the same communication protocols adopted by 
the Web, allowing data exchange through corporate firewalls. Web services are also 
capable of providing application interaction without human intermediation. Web 
services can communicate with other web services and then can supply new applica-
tions merging all their services. Other advantages of web services include that they 
are build upon the principles of distribution and interoperability. 

3   Embedded Systems 

Embedded systems are losing their original meaning, which referred to small compu-
tational isolated (stand-alone) systems that give functional support for devices that do 
not fit to the definition of a computer [21]. Today we can define an embedded system 
as a micro-processed device, thus programmable, which uses its computing power for 
a specific purpose [22]. 

Embedded systems comprise the biggest niche in the market. “Of the 9 billion 
processors manufactured in 2005, less than 2% became the brains off new PCs, Macs, 
and Unix workstations. The other 8.8 billion went into embedded systems.” [24]. 

4   Example Scenarios 

The advantages of Web services, on the one hand, and the market trends towards 
embedded systems, on the other hand, give rise to the idea of using web services in 
embedded systems. Traditionally, web services were used in large distributed sys-
tems. However, scenarios using these technologies also exist in the world of embed-
ded systems such as in-car embedded devices. To illustrate this, we focus on two 
example scenarios: 

• A car tracking service (see Fig. 1a). 
• An advertising service for car drivers (see Fig. 1b). 

Both example scenarios deal with embedded devices that are installed inside of a car 
and able to communicate with the outside world via the UMTS network. Since web 
services are being used, the spectrum of possible services offered to or by the devices 
cannot be known in advance. 

4.1   Car Tracking Service 

A car tracking service allows car rental companies to follow the positions of their 
cars. The in-car embedded device provides a web service that exposes the current 
GPS data of the car to the car rental company. A web application at the car rental 
company can consume the web service and show the position of the car on a map via 
a web frontend. 
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Fig. 1. Example scenarios: (a) car tracking service and (b) advertising service for car drivers 

Since the car provides the necessary data itself by means of web services in a 
standardized format, no central server that knows about all possible cars is required. 
Instead, the car tracking service can be used in a local distributed configuration. 
Furthermore, the web services can easily be extended to provide additional informa-
tion relevant to individual customers. 

4.2   Advertising Service for Car Drivers 

An advertising service gives advertisement information to drivers waiting at traffic 
lights, shops, restaurants, etc. Using the in-car embedded device, the car driver can 
control which type of advertisement (if any) to be shown. 

By using web services, the providers do not need to agree on a common standard 
format. Instead, different clients of consumer are installed on the in-car embedded 
device just in time as the car enters a local hot-spot network. The clients can be saved 
for later reuse or they can be deleted when the car leaves the network. Thus, the  
clients can live in isolation and be controlled in a fine-grained way. 

5   Requirements of Example Scenarios 

In each of the example scenarios, a car has to communicate with an external system. 
This communication is initiated either by the car itself or by the external system. The 
communication takes place in a highly heterogeneous distributed environment where 
different networks or services may need different technologies. Technologies such as 
SOAP and XML are best suited to enable the communication. 

The distributed aspects of the example scenarios introduce a number of require-
ments, which include: 

• Exposing information for external consumers. 
• Accessing external information. 
• Enabling simultaneous use of technologies. 
• Facilitating loose coupling between services and technologies. 
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5.1   Exposing Information for External Consumers 

The car tracking service makes demand on exposing information to external consum-
ers. This service should be independent of a specific car manufacturer and should 
respect existing standards like SOAP to enable third-party integration. In addition, to 
broaden the number of perspective users, the service should expose the information 
using different technologies at the same time. However, to ease the consumption of 
the information, new proprietary protocols and semantics should not be introduced. 

5.2   Accessing External Information 

While the car tracking service needs to expose information for external consumers, 
the advertising service needs to access external information using existing standards 
like SOAP. The most promising solution would be to abstract from the underlying 
technologies to ease the consumption of external information. 

5.3   Enabling Simultaneous Use of Technologies 

Depending on the services offered to or by the in-car embedded device, different 
technologies will be used. However, the use of one technology should not prevent the 
in-car embedded device from using another technology. Since the technologies may 
evolve independently from each other, the in-car embedded device should be able to 
replace the technologies. On the other hand, different technologies may be used at the 
same time. However, a simultaneous use of technologies should not lead to an incon-
sistent environment. 

5.4   Facilitating Loose Coupling between Services and Technologies 

The term loose coupling usually refers to the coupling between services and consum-
ers, especially over a network. Here, the coupling between services and technologies 
is getting observed. 

As said above, services may use different technologies at the same time. However, 
they may not know in advance, which of the technologies will be used. Therefore, a 
loose coupling between services and technologies should be enforced. 

6   Problems with Using Web Services in Embedded Systems 

The example scenarios bring up a number of design trade-offs and problems for using 
web services in embedded systems. In particular, they require independent transport 
technologies to enable unobstructed communication between highly independent 
parties. 

Local area networks (LANs) may offer services that neither the driver nor the car 
can know in advance. Even when they know the services, they cannot assume that 
these services will be available in the future. Thus, the services offered by the LANs 
are unpredictable. Once the car has exposed a service to the outside, the consumer 
needs to discover the car and the service in the LAN. Furthermore, both parties need 
to agree at least on the underlying transportation protocol and mechanism. Similarly, 
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the consumer does not know which car can expose the necessary information. Or 
there can be several cars that provide the services for one request. 

In the traditional enterprise and personal home computer environments, these prob-
lems are addressed by using highly standardized technologies like web services. 
However, embedded systems rarely have enough memory (and processing power) to 
run web services [3]. 

7   OSGi 

OSGi [16] is an emerging successful standard for developing component-based soft-
ware. At its core, OSGi is about bundles and services. Bundles provide modulariza-
tion and encapsulation for components. A bundle is also a deployable unit, which can 
be directly installed at runtime. Bundles can register services, which can be looked up 
and used by other bundles. 

We selected OSGi for its ability to deal with a dynamic availability of services. In 
particular, bundles and services can come and go at runtime without the need for a 
restart of the OSGi framework. Therefore, we can defer the loading of bundles until 
their functionality is really needed and remove afterwards. This way we can ensure to 
keep the memory footprint at runtime as low as possible, which is very important for 
embedded systems. Multiple versions of the same bundle and multiple implementa-
tions of the same service can exist at the same time, without interfering each other. 
Furthermore, OSGi can be deployed on a wide range of devices from sensor nodes, 
home appliances, vehicles to high-end servers, and allows many small components 
called bundles to collaborate on both local and remote machines. 

8   Apache CXF 

Apache CXF [2] is an enterprise service bus that helps to develop services using dif-
ferent frontend programming APIs on different protocols, which use web services 
defined by WSDL contract with SOAP binding over HTTP. 

We selected CXF for providing OSGi with distribution capability because being an 
open source, CXF has no license fee and allows us to modify and extend the code to 
adapt CXF to embedded system platforms. Yet CXF offers certain functionality that is 
needed to meet the requirements of the example scenarios. In particular: 

• Exposing information for external consumers. Bundles can register their service in 
the OSGi Service Registry when they want external consumers to access the ser-
vice. CXF can read the specified properties and create the endpoint. 

• Accessing external information. CXF can create a dynamic proxy at runtime to 
forward all requests to the endpoint. The service interface and the URL have to be 
known. However, users of the service do not have to know if the service is local or 
remote. 

• Enabling simultaneous use of technologies. CXF supports a whole set of different 
technologies including JAX-WS and SOAP. Furthermore, new technologies can be 
added to CXF as plug-ins. CXF can use the service interface and the specified 
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properties to export the service using different technologies at the same time. 
However, bundles do not have to know about all these technologies. 

• Facilitating loose coupling between services and technologies. Bundles can use 
different configurations and do not have to know about the technologies that are 
needed to process the specified properties in order to create the endpoint. CXF can 
be connected to the service that has to be exported using the OSGi Service Layer. 
The example scenarios take place in a highly heterogeneous distributed environ-
ment where different networks or services may need different technologies. CXF 
allows these independent parties to use the needed technologies while participating 
in other networks or with other services provided that a common set of technolo-
gies exists. 

9   Providing OSGi with Distribution Capability 

To meet the requirements of the example scenarios, we need to supply bundles with a 
powerful distributed framework. As said above, we selected CXF for this. There are 
two main approaches to using CXF’s functionality by the bundles: 

• Embedding distribution capability inside the bundles. 
• Providing CXF as a set of OSGi bundles (which we follow). 

9.1   Embedding Distribution Capability Inside the Bundles 

We can embed all the necessary files of CXF (jar and configuration files) inside the 
bundles and use them just as we would do in a standalone application. This approach 
works fine as long as there is only one bundle that uses CXF. As soon as a second 
bundle wants to use CXF, we are faced with the following three problems: 

• Memory waste. Since OSGi allows each bundle to have its own class path, each 
bundle can contain the CXF libraries and list them in its bundle class path, thus du-
plicating jar files. This is not acceptable for embedded systems with small memory 
footprint. 

• Resource completion. The central part of CXF is CXFBus. This bus is aware of all 
extensions like transport mechanisms and responsible for connecting them. While 
exposing a web service, the CXFBus will create a Jetty instance to listen at a cer-
tain port. If each bundle has its own CXFBus, Jetty instances will have to listen at 
different ports. Therefore, it will not be possible to distinguish web services by 
URI only. 

• Class incompatibility. Since each bundle will have its own class loader, classes 
loaded by different class loaders will be incompatible with each other. Without 
configuration information, it will not possible to assign the CXFBus of one bundle 
as a reference to another bundle. The result would be a class loader exception. 

9.2   Providing CXF as a Set of OSGi Bundles 

OSGi makes it natural to provide CXF itself as a set of bundles. The problems above 
with memory waste, resource competition and class incompatibility will not occur 
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because there will be only one CXFBus and because only one class loader will be 
responsible for loading the necessary classes. 

The web service bundle has no dependencies on the CXF bundle, thus allowing us 
to replace the CXF bundle with a different implementation. This way the CXF bundle 
and web service bundle are completely decoupled. We do not even need to rely on an 
activation order of the bundles. Not only can CXF listen for new services, but it can 
also query existing ones. In particular, CXF bundle can be installed after the web 
service bundle or removed after a certain time. 

However, we need a way to connect the bundle exporting a web service to the CXF 
bundle at runtime. Since the CXF bundle can be installed after the web service bundle 
and removed after a certain time, we have to enforce a loose coupling between the 
two but still enable the use of each other. We decided to use a Whiteboard pattern. 

The Whiteboard pattern [7] has been originally developed as an alternative to the 
listener model, where listeners can register themselves e. g. at a button instance to get 
informed on the appearance of certain events. Every button is then responsible for 
managing the registered listeners. CXF can register a service in the OSGi Service 
Registry that provides the necessary functionality for exporting services. E.g. a ser-
vice could have a method exportService, which contains parameters for the 
service information like the interface, port number and context URI. Bundles, which 
want to export this service, would fetch the CXF service from the service registry and 
call the method with the corresponding parameters. Due to the dynamic nature of the 
OSGi framework (i.e. due to that bundles can be removed and installed at runtime), 
bundles cannot assume the continuous existence of this CXF service. Hence, bundles 
need to monitor the service registry to check for the CXF service. Since each bundle 
needs to implement this logic, the listener model is error-prone. 

Instead of letting CXF register the service that should be used by bundles, the 
Whiteboard pattern lets each of the bundles register the services that should be  
exported. In addition to the registration of the services, bundles can provide additional 
properties (e.g. expose.service, expose.interface and expose.url). 
These properties can then contain the necessary configuration information. CXF can 
use the service registry and the service listener to identify services that have defined 
these properties. Bundles do not have to track the state of CXF and no action is  
required by the bundles if CXF is updated at runtime. 

When using the Whiteboard pattern, CXF uses the OSGi Service Layer to commu-
nicate with bundles and vice versa. The configuration information is embedded in 
service properties and bundles can change these properties at runtime. Hence, a bun-
dle is able to change the configuration at the time of deployment and afterwards when 
needed. If a bundle wants to stop a service from being exported, it can remove the 
service from the service registry to inform CXF. A bundle is therefore able to control 
an exported service at runtime. Furthermore, service properties can be used as filters 
when the service registry gets browsed for specific services. E.g. CXF could query all 
services that need to be exported with SOAP or at a specific port. This querying is, 
however, not possible when this information is embedded in a proprietary file format. 

To distinguish between users of different services, a service of the registered user 
could implement a certain Java interface. Since we did not want to change the code, 
we decided to provide the configuration information during registration. There are 
three approaches to this: 
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• Java properties. 
• Declarative Services Specification. 
• Spring-OSGi.  

Java Properties. This is the simplest approach; it embeds the configuration informa-
tion directly into Java classes. Another advantage of this approach is that it allows full 
control over the properties and thus, it can be used if e. g. some values need to be 
calculated at runtime. Fig. 2 shows a code example of how to register a service using 
Java properties. Here context is an instance of org.osgi.framework. 
BundleContext; it is provided during the CXF bundle activation. The CXF bundle 
would now listen e.g. for services that have a property expose.service=true. 
This property is stored in java.util.Dictionary, which is then passed as a 
parameter during registration. Since the interface of the service uses JAX-WS [5], we 
can use the new features of Java 5 such as annotations, without having to fork CXF. 

ExampleService service = new ExampleServiceImpl(); 
Dictionary dict = new Hashtable(); 
dict.put (“expose.service”, true) ; 
dict.put (“expose.interface”, ExampleService.class); 
dict.put (“expose.url”, 
“http://localhost:8080/exampleService”); 
context.registerService (  ExampleSer-
vice.class.getName(), service, dict); 

Fig. 2. Registering a service using Java properties 

Declarative Services Specification. The intention of Declarative Services Specifica-
tion (DSS) [26] is to ease the use of the OSGi Service Layer. Services can get regis-
tered and unregistered. Because of the dynamic nature of the OSGi framework, users 
of the services have to track their state all the time. Instead of “hard-coding” the nec-
essary logic for the registration and the tracking of services, DSS allows to define this 
declaratively. Bundles that want to publish or use services define their service inten-
tion in a configuration file that is then processed by DSS. DSS also provides sophisti-
cated features like dependency injection [27]. Fig. 3 shows a code example of how to 
register a service using DSS. 

Spring-OSGi. This approach is similar to DSS. The key difference is that Spring-
OSGi [4] itself defines a service registry like the OSGi framework does. This registry 
is managed by BeanFactory. In particular, OSGi services can be searched and 
registered by BeanFactory; BeanFactory also makes services applicable to 
dependency injection. Fig. 4 shows a code example of how to register a service using 
Spring-OSGi. Here exampleService is a normal Spring bean that will act as the 
instance of the service. <osgi:service> publishes exampleService in the 
service registry by referencing it and embeds additional information like the OSGi 
service interface and the necessary properties for CXF. 
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<?xml version=“1.0” encoding=”UTF−8”?> 
<component name=“ExampleService”> 
<implementation 
class=“com.example.ExampleServiceImpl”/> 
<property name=“expose.service”>true</property> 
<property name=“expose.interface”> 
com.example.ExampleService 
</property> 
<property name=“expose.url”> 
http://localhost:8080/exampleService 
</property> 
<service> 
<provide interface=“com.example.ExampleService”/> 
</service> 
<component> 

Fig. 3. Registering a service using Declarative Services Specification 

<?xml version=“1.0” encoding=“UTF−8”?> 
<bean id=“exampleService” 
class=“com.example.ExampleServiceImpl”/> 
<osgi:service ref=“exampleService”> 
<osgi:interfaces> 
<value>com.example.ExampleService</value> 
</osgi:interfaces> 
<osgi:service−properties> 
<prop key=“expose.service”>true</prop> 
<prop key=“expose.interface”> 
com.example.ExampleService 
</prop> 
<prop key=“expose.url”> 
http://localhost:8080/exampleService 
</prop> 
</osgi:service−properties> 
</osgi:service> 

Fig. 4. Registering a service using Spring-OSGi 

10   Accessing Services Remotely 

In addition to exposing a local OSGi service to remote parties (see Fig. 5), the exam-
ple scenarios also require to access remote endpoints. E.g. the advertising service 
requires that a client application installed in the car fetches advertisement information 
from a remote server found in the LAN. Provided that service discovery has already 
taken place, there are two approaches to accessing services remotely: 

• Creating a remote API. 
• Creating a proxy (which we follow). 
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Fig. 5. Exposing a local OSGi service to remote parties 

10.1   Creating a Remote API 

To let bundles access remote endpoints, CXF could offer a special API that encapsu-
lates the necessary logic. A service that is to be used by the bundles could then be 
registered in the OSGi Service Registry. Fig. 6 shows a code example of how to cre-
ate a remote API. 

 
RemoteEndpoint re=new RemoteEndpoint(); 
re.setAddress(url); 
re.setDataBinding(getDataBinding(databinding)); 
Object result=re.callMethod(“methodname”, “parameter”); 

Fig. 6. Creating a remote API 

This approach, however, introduces several drawbacks. All the information speci-
fied in the service interface is lost. This interface defines which methods are available 
and which parameters the methods require. Hence, it represents the contract between 
a server and a client. By embedding the method name and parameters in a method 
call, we have to ensure that the specified values conform to the service interface. 
Moreover, depending on the used frontend, the service interface may specify addi-
tional semantics. E.g. some methods may use asynchronous call semantics and require 
the registration of a callback method. When using a “remote endpoint API”, a suitable 
API would have to be aware of all these possibilities. 
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10.2   Creating a Proxy 

Byte code abstracts from the underlying hardware platform; thus it helps to create 
new classes or methods dynamically (i.e. at run time). Without byte code, the applica-
tion would need to generate machine code instructions, which require detailed knowl-
edge of the platform. 

 
ClientProxyFactoryBean factory=new  
ClientProxyFactoryBean(); 
factory.setServiceClass(iface); 
factory.setAddress(url); 
factory.getServiceFactory().setDataBinding(  
getDataBinding(databinding)); 
Object proxy = factory.create(); 
Dictionary props = . . .; 
context.registerService(serviceClass.getName(), proxy, 
props); 

Fig. 7. Creating a proxy 

We can take advantage of byte code and create a Proxy object [25]. This proxy will 
implement the service interface. Thus, it can be casted to a variable declared as an 
instance of the service interface. The proxy forwards method calls to the remote end-
point, waits for the result, and passes the result to the caller. This way we have both 
an elegant and a flexible way to access services remotely. 

Fig. 7 shows a code example of how to create a proxy. The information about the 
service interface, the URL and the data binding are passed to the proxy. After the 
proxy has been created, it gets registered in the OSGi Service Registry. (CXF pro-
vides a class ClientProxyFactoryBean to create a proxy.) 

11   Embedded System Platforms 

For deployment of web services on embedded systems, we selected Java platforms 
because of their popularity. Java Standard Edition (SE) and Java Enterprise Edition 
(EE) are widely being used in the IT world. However, these platforms typically have 
memory footprints well beyond the capabilities of embedded systems. Nevertheless, 
there are several adaptations of Java platforms to embedded systems. These are:  

• Java Standard Edition Embedded (Java SEE) [15]. This platform is based on Java 
1.4 for ARM processors and on Java 5 for PowerPC and Intel x86 processors. Al-
though Java SEE aims at providing a full implementation of Java SE, it requires 
only 30 MB memory for Java 5 which is less than half the size of Java SE. 

• JamVM [8]. This platform is based on Java 5 too. But by contrast to Java SEE, it 
has a very small footprint and runs on ARM processors. 

• Java Micro Edition (Java ME) [14]. This platform is based on Java 1.4 for ARM 
processors, PowerPC and Intel x86 processors. Java ME Connected Device Con-
figuration (CDC) is viable for low end devices with memory footprint starting from 
2 MB. 



250 R. Roelofsen et al. 

 

12   Adapting Apache CXF to Embedded System Platforms 

To meet the memory restrictions of embedded systems, we had to adapt CXF to Java 
SEE, JamVM and Java ME CDC. This adaptation was straightforward to Java SEE 
and JamVM because both platforms are able to execute Java 5 byte code. (Java 5 is 
required to run web service applications on CXF.) The main difference is that JamVM 
has a more restricted class library. In particular, it uses GNU Classpath as the class 
library. Since this library lacks several classes, we had to make several changes to it. 
These changes mostly affected the java.io and javax.xml packages.  

Since Java ME CDC is based on Java 1.4, the adaptation was challenging to this 
platform. We had to use byte code weaving and a class library Apache Harmony [1]. 

The byte code specification of JVM has not been changed in Java 5; it is one and 
the same as in Java 1.4. Therefore, Java 5 byte code can be executed on Java ME 
CDC. On the other hand, the class library has been changed in Java 5. And new lan-
guage constructs such as annotations have been added. Since Java ME CDC is based 
on Java 1.4, annotations cannot be used on this platform. However, we simulated 
annotations using reflection. This is called byte code weaving. There are several tools 
capable of doing this (e.g. [11]). 

Byte code weaving solved only the problem with new language constructs. In addi-
tion to new language constructs, Java 5 has introduced new classes and changed exist-
ing ones. We had to use Harmony to solve this problem. 

13   Related Work 

The related work is found in two areas: 

• Extending OSGi with distribution capability. 
• Deploying web services on embedded system platforms. 

13.1   Extending OSGi with Distribution Capability 

One of the weaknesses of the OSGi framework is that the current OSGi standard de-
fines how services talk with each other within a single JVM only. In today’s IT world, 
distributed systems have been used rapidly in business applications. Thus, a lack of 
support of distribution is a severe hindrance for the use of OSGi in distributed systems. 
Therefore, several extensions – e.g. OpenSOA [13], Redistributable OSGi (R-OSGi) 
[12, 17], Distributed OSGi (D-OSGi), IBM Lotus Expeditor, Eclipse Communication 
Framework [23], Newton Framework and Apache CXF [2] – were done to allow ser-
vices to talk with each other across multiple JVMs. The goal of all these extensions is 
to add distribution capability to the OSGi framework, thus enabling a service running 
in one OSGi framework to invoke a service running on another, potentially remote, 
OSGi framework. While meanwhile distribution has become part of D-OSGi, it lacks 
features like asynchronous messaging. This is, however, possible with our approach by 
utilizing both the relevant CXF features and the extensions that we are currently  
implementing. 
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13.2   Deploying Web Services on Embedded System Platforms 

There are several tools capable of deploying web services on embedded system plat-
forms. Examples include Microsoft Web Services on Devices [19] and Fast Infoset 
[20].  Fast Infoset is not a web service technology per se, but it provides a binary 
encoding of XML that makes web services to consume less bandwidth during com-
munication. Both Web Services on Devices and Fast Infoset fall short in their flexibil-
ity of generating different code artifacts for the large variant of embedded systems 
based on different protocols. 

14   Conclusion 

We have proposed an approach to web services for embedded systems based on the 
OSGi framework. Our approach does not require making changes in the existing pro-
gramming model. Rather, it encourages using the concept of bundles. Our approach 
allows cars to participate in a SOA that spans machine boundaries using network 
infrastructures.  

We have added distribution capability to the OSGi framework using CXF. CXF 
enables remote parties to call internal OSGi services. Bundles can define which of the 
registered services should be accessible. CXF is used to create the accessible end-
points and helps to utilize different technologies when needed. Our approach ensures 
a loose coupling between CXF and the registered services. Services do not need to be 
aware of the distribution framework or how they are exposed to external parties. The 
only needed interface is the OSGi Service Layer. Furthermore, local bundles can 
access remote endpoints. A proxy delegates to the endpoint and gets registered in the 
OSGi Service Registry in order to be used by the bundles. The access to external 
systems is fully transparent. 

In addition, we have adapted CXF to Java platforms for embedded systems. To this 
end, we have decided to provide CXF as a set of OSGi bundles in order to meet the 
memory restrictions of embedded systems. We have deployed our approach on three 
Java platforms: Java SEE, JamVM, and Java ME CDC. Since both Java SEE and 
JamVM are based on Java 5, the deployment has been relatively straightforward. In 
the case of JamVM, however, we have been forced to make several changes to CXF 
because of the limitation of the available Java API. The deployment has been far more 
challenging on Java ME CDC, which is based on Java 1.4. Since CXF makes wide 
use of Java 5 features such as annotations, we have been forced to use byte code 
weaving and a class library Harmony. 
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Abstract. Value co-creation is a core concept in service science. In this paper 
we investigate value co-creation to provide some answer on what is it and how 
can it be achieved. We take a customer-oriented perspective by focusing on the 
end-customer, the people that utilize services in their everyday lives to meet 
their personal needs. We consider that value creation is a social activity and we 
propose social networks as the basic infrastructure for the co-creation of value 
with business and other organizations, peers, relatives and friends. 

Keywords: Service value, value co-creation, service system, open innovation, 
social network. 

1   Introduction 

Service science emerged as a new scientific field for the acceleration of innovation 
and value creation in the new service-based economy [1]. More recently, the adoption 
of Service Dominant logic as the philosophical underlay of service science [2, 3] has 
rendered the co-creation of value as a key concept in service science. According to 
Service Dominant logic [3, 4], the customer is always a co-creator of value, which 
means that value creation is interactional; the provider can only make value proposi-
tions to the customer, rather than produce the value with his own procedures. In this 
context, value can only be idiosyncratically determined by the consumer of services, 
who perceives or experiences it according to his situational context and his personal 
needs and preferences.  

Even though the co-creation of value is an attractive concept that offers huge po-
tential for innovations both in business operations and in interactions with the cus-
tomer, there is still limited research output on value co-creating service systems, 
which cannot clearly explain what does value co-creation in service interactions ex-
actly mean and how can it be achieved. We distinguish as key reasons for this the lack 
of a truly interdisciplinary perspective on service systems and the lack of customer 
orientation that goes beyond B2B relationships and focuses on the individual.  
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The recent success of the so-called Web 2.0 applications shows that the Web can 
provide the technological foundations for the development of novel, customer-
oriented models that focus on the needs of the users and support people in their  
everyday lives. However, the development of major innovations requires we looked 
beyond technologies and artifacts and emphasized on innovative uses. In other words, 
we should see the Web not as a set of protocols and standards, but as a creative envi-
ronment for businesses and users to develop together innovative solutions that meet 
better their needs and satisfy their goals. For the development of innovations in a 
service-based world information services (or software services) should be regarded as 
artifacts that provide electronic access to (real world) services. It is clear that the im-
portance is not in the artifact, but in the services. However, in practice, information 
services are not related to services explicitly and research focuses currently on work-
ing with information services (e.g. compositions, technical aspects etc.). We consider 
that there is significant room for making analogous progress with services in their 
composition, execution and coordination, because value in the real world comes from 
the integration of services from different providers.  

In this paper we attempt to make a step forward in this direction to provide a 
framework for the co-creation of value and reflection on the development of service 
systems that enable customers/ users in creating, receiving, modifying and integrating 
services to develop individualized solutions that meet their unique needs. The rest of 
the paper is organized as follows: in section 2 we describe briefly the key characteris-
tics of a framework for value co-creation that focuses on the needs and requirements 
of the customer. In section 3 we describe a service model and provide an exemplary 
use of a social networking platform for the co-creation of value. We conclude with 
some remarks and guidelines for future research.   

2   A Conceptual Framework for Value Co-creation 

In this section we describe briefly a framework for the co-creation of value by ex-
plaining the concept of service, the meaning and the types of value co-creation and 
the structure of value co-creation environments. The framework is based on the as-
sumption that the needs of the customer are unique, contextual and rather complex, 
which means that predefined solutions from the providers cannot usually meet them, 
unless they are adjusted, enhanced and integrated. The framework is customer-
oriented because we make the assumption that the value creation process is governed 
by the needs of the customer and should be driven by the customer himself.  

A fundamental question in this research is whether value co-creation is possible. 
The ‘service economy’ was developed because people decided more and more to buy 
some activities from the market to meet their needs and wants, instead of doing them 
by themselves. In an imaginary continuum of services offered exclusively by provid-
ers and actions performed exclusively by individuals, there is in between a huge area 
of co-created services (e.g. pre-cooked food, self-service operations, etc.) that require 
contribution from both the provider and the customer. It means that co-creation is not 
only possible, but – when viewed from the customer point of view – it is the primary 
pattern in services.  
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However, according to statistical and economic practices, only marketable activi-
ties are considered services. Services are traditionally defined as “an act or perform-
ance offered by one party to another … an economic activity that creates value and 
provides benefits for customers” [5]. Such a definition emphasizes the operations of 
the provider and leaves aside the customer, his needs and activities. But if we talk 
about the value for the customer and the co-creation of value, then we should incorpo-
rate the activities of the customers as well. Accordingly, in our framework, we take an 
expanded approach and define service as any item or action someone can offer which 
could meet the needs of himself or somebody else. This definition is compatible with 
Service Dominant logic [4], which regards services as activities, rather than as tangi-
ble or intangible outputs.   

We distinguish three basic types of value co-creation: co-production, customization 
and integration. Co-production refers to the participation of the customer in the pro-
duction process, when the customer performs some activities that normally are per-
formed by the provider (e.g. self service, etc.). Customization refers to changing some 
characteristics of the service, so that make it fit or bring it closer to the preferences of 
the customer (e.g. vegetarian meals or business class services in flights); customiza-
tion activities can be performed by the provider or the customer (or a third entity on 
his behalf), before, during or after the service provision. Integration refers to synthe-
sizing service elements from a network of organizations and peers and adding pro-
prietary activities -if necessary- to create individualized solutions; integration is  
required because of the complexity of people’s needs, which cannot be met by ‘sim-
ple services’. The three basic types of value co-creation can co-exist in the value  
co-creation process. For example, in a flight the passenger makes self check-in, cus-
tomizes in-flight services and integrates the flight with ground transportation (e.g. 
taxi, metro, car rental) and accommodation. We distinguish integration as the primary 
mode of value co-creation (however, the least studied, at least from the customer 
point of view), which provides also the general context for the co-creation of value.  

Value is co-created in networks of businesses, other organizations and other people 
(peers, relatives or friends). The operation and evolution of such networks depends on 
the aptitude of individuals to take advantage of the services and value co-creation 
opportunities offered there, as well as the aptitude of the network members to add 
their services, handle them effectively and offer opportunities for adding value (e.g. 
co-production, customisation, integration with other services, etc.). The function of 
such a value co-creation network of services should be improved not only by user 
feedback on utilized services, which is the main focus of current approaches, but by 
user-generated activities as well, which may propose new uses, introduce new ser-
vices or improve the existing ones. Such a network of services, therefore, provides a 
space for open innovation that is driven by people’s needs and actions. 

3   A Social Networking Platform for Value Co-creation  

We consider that value co-creation for the customer is a social process because it aims 
to resolve real life problems, it refers to human practices and it takes place in net-
works of experts, peers and friends. Everybody accepts the great success of social 
networking services (e.g. Facebook, YouTube, etc.), which rests on the ability of the 
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user to participate actively in the formulation of the service by co-producing, custom-
izing or integrating resources, thereby creating value for himself, his peers and the 
community. We believe that such environments for social networking (i.e. social 
networking platforms) can become the key technological infrastructure for the co-
creation of value with the customer. Next we describe briefly a basic service model 
and a use case of a social networking platform for the co-creation of service value.  

The objective of such a platform is to provide front-end and back-end services for 
enabling value co-creation with the users in the search, creation, customization and 
integration of services that are provided by organisations or peers. The platform can 
have two primary types of users: a) individual users who want to use existing services 
or create new ones to meet their needs or provide service to their peers or the commu-
nity, and b) business users who make their services available in the platform for sell-
ing, marketing or collaboration with others. 

The platform can be based on SOA standards and Web Service (WS) technologies; 
it must be open, scalable and interoperable. In the back end, the WS infrastructure can 
support the operations; in the front end, a simple and easy to use Web 2.0 interface 
can allow users to fully exploit the benefits offered. Although simple and efficient 
WS creation tools already exist, such a platform should pay attention to allowing 
users to socially interact with each other. 

An exemplary use case may refer to a citizen who is seeking employment or career 
advancement opportunities. She has some evidence, credentials and data relating to 
her personal, educational and professional achievements so far, including academic 
degrees, other certified or uncertified qualifications (such as languages or e-skills), 
business experience (documented either in paper or in digital format), digital artefacts 
like videos and photographs evidencing her achievements or her personality (e.g. on 
Flickr or YouTube), a blog where she posts ideas and views that could interest pro-
spective employers, etc. However, all these evidences and data are sitting in a number 
of different places. The platform should enable her provide an integrated view of her 
academic, professional and personal profile to prospective employers.  

This use case is customer-oriented, because it satisfies user’s complex and real life 
needs, and enables the co-creation of value, because the user receives services from 
external providers, creates and adds her services and integrates all of them together in 
a personal way to develop a unique solution that meets the needs and preferences of 
this user. The platform is an enabler of the value co-creation process between various 
service providers, peers and the user herself, by facilitating the search and integration 
of service elements.  

The platform can provide the following types of services:  

Registration services. They refer to registration, profile creation and maintenance.   

E-portfolio services. They refer to editing an e-portfolio of qualifications and educa-
tional and professional achievements.   

Profile aggregation services.  They refer to aggregating in the e-portfolio credentials 
and data from different places (e.g. LinkedIn, Facebook, etc.).  

Job preference services. They refer to setting job preferences in terms of type of 
work, location, conditions, etc.  (e.g. she might prefer tele-working, which would 
allow her to combine childcare with professional career).  
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Job search services. They refer to searching for hiring ads and collecting information, 
either from external places (e.g. private employment agencies and public services on 
job vacancies), or within the platform, through the similar services created by other 
users.  

Consultation services. They refer to identifying job offers to other users with similar 
profiles and/or preferences.  

Affinity search services. They refer to searching for affinities with persons that are 
working or used to work in prospective employers in other social networking  
platforms. 

Job reviewing services. They refer to providing comments and reviews on jobs she 
was hired or interviewed in the past. Other people can consult these reviews or pro-
vide their comments.  

Peer communication services. They refer to finding other users that have working or 
interview experience with a prospective company and engaging in communication 
with them (e.g. before being invited to an interview).  

Communication services with employers. They refer to getting in contact with pro-
spective employers, allowing them have access to her e-portfolio of qualifications or 
some aspects of it, and managing communication with them.  

4   Conclusions  

This paper confronts the issue of innovation and value co-creation in the new ‘service 
economy’. We recognize the primary role of the end-customer and suggest that the 
focus should be posed on real world services, rather than the engineering of software 
services in terms of design, development and deployment. We ascertain the need to 
provide more user-friendly approaches and emphasize real-world aspects of services 
(e.g. time conflicts of different services, cost, social relations, location, etc.), instead 
of pure technical considerations. There are great business and technological chal-
lenges in this effort, because research currently still focuses on the engineering of 
software services. However, it is necessary to focus on users and uses, if we wish to 
accelerate the development of innovations in the future.  
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Abstract. Integrating raw data with the Web, i.e. making a Web of Data, has 
the intrinsic power to create maximum utility for the Netizens. However current 
technical approaches in this direction fail in handling properties such as data 
provenance and licensing, thus increasing the chasm between the trend to “open 
data for maximum reuse” and the security and privacy needs related to users’ 
personal data (e-Profile) treatment. In such a context a specific challenge is the 
development of innovative and alternative approaches for e-Profiles creation 
and management. The InterDataNet architecture is herewith considered as in-
frastructural solution aiming at providing a Web-based trust-enabling manage-
ment of e-Profiles to third party generic e-Service Providers to support access 
and delivery of trusted and personalized e-Services. This paper presents some 
flashes of a more detailed analysis in progress on this problem, made according 
to the multiplicity of the Service Science, Management and Engineering per-
spectives, to highlight the prospected advantages and the viability involved by 
the proposed approach.  

1   Introduction  

Information guides our behavior and decisions. We live in an age in which the essen-
tial raw material is information; i.e. data with a context. Handling distributed granular 
information and its context via the Web, in such a way that it can ground the devel-
opment of e-Services is a cornerstone in the development of science fields related to 
the Web Science (webscience.org/home.html). The pervasive fruition of e-Services in 
several domains of human’s life, ranging from information communication and cul-
ture, citizenship, social relations, finance, commerce, mobility, education, working, 
entertainment, assistance, emergency, etc. inevitably involves a significant manage-
ment of personal digital information, also referred to as user profiles or e-Profiles. In 
this paper we address the creation and management of e-Profiles as basic global – i.e. 
Web-wide - e-Service. The e-Profile basic service is conceived as a horizontal service 
handled by a network of e-Profile Service Providers (e-PSP), which can be made 
commonly shareable and accessible by heterogeneous e-Services delivered by third 
party Service Providers supporting the effective and trust-enabling management of 
users-digital identities, while guaranteeing consistence and availability of user per-
sonal information across several application domains. Generic Service Providers 
could thus focus on the delivery of specialized, trusted and added value services, 
relying on an e-profile basic Service provided by a third, trusted party.  
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We advocate the feasibility of such an e-Service System thanks to the use of Inter-
DataNet infrastructure as a trust-enabling middleware framework for managing e-
profiles data in a distributed Web-based way. The Web-based management of users’ 
profiles involves nowadays subtle and complex processes of creation, collection, 
management and exploitation of users’ data which are at the centre of many contro-
versies and studies. 

Specific, yet often domain-dependent analysis, of e-profile management comes 
from domains such as:  

• E-commerce, customer relationship management, service personalization, etc. 
• Management of public sector information.  
• e-government back-office and front-office service provision, etc.  
• Human-computer interaction, usability, accessibility, etc. 
• Law, regulation, policies. 
• Security and privacy.  
• Identity management, federated identities, personal data portability. 
• Network protocols.  

In order to approach the “Web of Trust” functions [1] the development of evolu-
tionary e-Service architectures is needed. Such architecture should deal, among  
others – with the following user-related requirements: privacy, security, usability and 
accessibility, self-management, role-based access/functions, transparency, IPR, reli-
ability, availability, personalization, service level agreement etc. [2, 3].  

At present, proposed solutions to meet these requirements, often aim to address a 
limited set of users’ needs and/or they represent vertical, domain-dependent and, 
largely, proprietary solutions. Moreover, current approaches to e-profiles creation and 
management are not suitable for being extended as Service Systems for providing the 
basic services needed for the proper development of further specialized e-Services 
(such as e-government, e-business, etc.) because they do not provide the required 
scalability and flexibility to allow a profile based on many different and changing 
parameters to be exploited in different contexts, because they are either based on 
applications-specific, centralized architecture or require adoption of common (techno-
logical and organizational) standards.  

2   e-Profile Service System 

At a general level, the e-Profile Service System (e-PSS) mediates the relationship 
between a Client (the user) and the Server (the generic Service Provider) – see Fig. 1 - 
in order to allow access and delivery of trusted and personalized Services. To this 
end, the Service System is required to provide to the user the needed authentication 
and access capabilities to the System. The e-PSS manages the e-Profiles Production, 
i.e. the aggregation of (open and private) data from different users’ data sources. The 
e-PSS provides the user’s e-Profile views to third party Service Providers (S in Fig. 1) 
for the creation of personalized services.  
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Fig. 1. Main functions of the e-Profile Service System (e-PSS) 

As it is illustrated in Fig. 1, the Client (i.e. the User) defines and manages its own 
e-Profile together with one or more “trusted eProfile Service Providers” (e-PSP-C in 
Fig. 1).  The generic e-Service Provider (S in Fig. 1) defines and manages the e-
Profile templates it needs to build specialized e-Services together with one or more 
“trusted eProfile Service Providers” (ePSP-S in Fig. 1). The “e-Profile Service Pro-
vider Network” (e-PSP Network in Fig. 1) puts together the Client’s e-Profile accord-
ing to the specified Service Provider’s template and can anonymize sensible data if 
needed. The communication paradigm of the e-PSP Network is not specified at this 
stage, but the simplest case is when ePSP-C and ePSP-S directly communicate 
through a secure private channel. 

3   A Middleware Infrastructure Managing the e-Profile as a  
Web-Based Basic e-Service  

The approach proposed in this paper introduces a significant innovation along one of 
the Service Science areas [4, Table 11-4], the Information and Communication Engi-
neering area, since it leverages on a transitional development of the Web infrastruc-
ture in which personal digital information is managed. This view builds on the idea 
that the current Web of document is unsuitable for providing the required System 
properties of a global basic e-Profile management services because of three main 
issues: 1) the lack of granularity in the access and management of the single data 
element composing the e-Profile 2) the lack of control on attributes such as prove-
nance and authorship of the granular data, 3) the lack of infrastructural support to 1) 
and 2). Indeed, granular data management is addressed by the current Web of Data 
approach [5] aimed at providing machine-readable data given explicit semantics and 
published online, coupled with the ability to link data in distributed data sets.   

If this approach could seem to satisfy the property 1) above, improvements are 
sought in order to satisfy also property 2). However, the heart of the matter is that  
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Fig. 2. InterDataNet Middleware [6, 7] grounding the e-Profiles Basic Service 

current state of the art Web of Data approaches lead us back to a complex system 
solution in which property 3) in not at all addressed let alone satisfied. This introduces 
a higher level of complexity of the system on managing e-Profiles at a global level 
than the one verified in the Web of Documents. In order to decrease system complex-
ity and increase the manageability of the problem, we propose the introduction of a 
common infrastructure which can provide e-Services Providers with transparent  
access to e-Profiles management services at a Web-wide scale (see Fig. 2). Our ap-
proach innovates on the Web of Documents because it introduces granular address-
ability of data and offers a uniform Web-based read-write interface to distributed 
heterogeneous profile data management in a cooperation-enabling environment. This 
approach is sustained by the InterDataNet (IDN) [6, 7] middleware conceptual infra-
structural solution (see Fig. 2). IDN architecture sustains global addressability of 
resources and is designed to infrastructurally handle basic cooperation-oriented capa-
bilities (licensing, provenance, consistency, security, privacy, availability and his-
tory). IDN framework is described through the ensemble of concepts, models and 
technologies pertaining to the following two views:  

1. IDN-IM (InterDataNet Information Model). It is the shared information model 
representing a generic document model which is independent from specific con-
texts and technologies. It defines the requirements, desirable properties, principles 
and structure of the document to be managed by IDN.  

2. IDN-SA (InterDataNet Service Architecture). It is the architectural layered 
model (see Fig. 2) handling IDN-IM documents (it manages the IDN-IM concrete 
instances allowing the users to “act” on pieces of information and documents). The 
IDN-SA exposes an IDN-API (Application Programming Interface) on top of 
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which IDN-compliant Applications can be developed. The e-Profile is an IDN 
standard document modelled according to the IDN Information Model. Each node 
of the e-Profile document is a complex assertion implicitly declared true by the 
User. It can thus be formalized as an aggregation of data units handled by the dif-
ferent e-PSP (see Fig. 1). The e-Profile is a graph and each data of the graph can be 
handled using its global identifier and according to its specific properties – i.e. 
metadata. The IDN-SA handles such data structure through its layers (see Fig. 2) to 
guarantee their properties and provide – at an Application Level – the e-Profile 
template document filled with users’ data aggregated from trusted sources.  

We have introduced an overview of the ongoing work related to the concept of e-
Profile basic service aimed at supporting access and personalization of e-Services. 
Specific highlight is provided on the InterDataNet solution for its capabilities in ena-
bling the development of such a e-Profile Service System (Fig. 1). 
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Abstract. This paper describes the building of Febos1, a set of web services to 
be used in the development of aggregate services applications that allow the 
collaborative creation music over the Internet. The paper describes the context 
in which musical creation takes place and how digital technologies have 
changed the relationships among the actors involved within such context. Febos 
has been built as a service-oriented system, which means that it has been built 
by using services as first-class objects for the whole development process. 

Keywords: Collaborative music creation, service-oriented paradigm.  

1   The Digital Music Revolution: Services for Collaborative 
Creation 

Over the past two decades, digital technologies have been transforming the music 
industry. One of the most remarkable changes has been the possibility of distributing 
songs in different digital formats through the Internet. This new technological en-
hanced distribution channel has brought more power to music consumers: a wider 
offer of music, richer forms for searching and discovering artists and songs, new ways 
to enjoy music and new models of consumer acquisition rights. Apart from the piracy 
phenomena and the copyright controversy, nowadays, users may lawfully download 
music at a very cheap price or even for free. They may listen to music through stream-
ing services like Last FM or Spofy or through specialized online radio stations. They 
even may benefit from richer experiences in sites like myspace.com or official fan 
websites where they may access to biographies, concerts schedules, videos and other 
multimedia, merchandising, etc. of their preferred artists or bands. 

This situation has threatened the established structure of the industry, traditionally 
driven by record companies that manage the music production process by marrying 
artists with the right mix of coworkers (producers, songwriters, and musicians),  
handling legal aspects of music creation, packaging artists for marketing purposes, 
and distributing their works (songs on CD or other media) through brick-and-mortar 
                                                           
1 Roman name used, in Greek and Roman mythology, for the God of music, poetry and oracles 

(in Greek is also named, Apollo). 
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retailers. The increased visibility of the Internet in the music industry may rattle the 
pole position of record labels [1]. 

This new emerging distribution paradigm is affecting the role and relationships be-
tween all players in the value chain: record companies, retailers, broadcasters, cos-
tumers, artists and other professionals; and it is also bringing new key players and 
business models into the music industry [1]. Music artists have today more freedom, 
more choices at every stage in the music creation process: composition, recording, 
producing and marketing. They do not longer need to be backed by a record company 
(at least, not to such degree as before) that would handle (costly) advertising [2]. 

Moreover, new technologies have dramatically downloaded the cost of the equip-
ments needed in the production process. There is no longer the need of buying very 
expensive equipment for recording, editing, mixing and mastering, as two decades 
ago. Today, affordable and even free software exists that coupled with specialized 
hardware may convert a personal computer into a recording studio. Furthermore, at 
the marketing stage, all interested parties within the industry acknowledge that the 
Internet has been helpful in promoting the artists’ works [2]. 

As music professionals have become less dependent from record companies, new 
forms of collaboration between composers, performers, and sound engineers in the 
music production process have aroused, which means that new challenges in innova-
tive services, under the paradigm of “peer production” (production systems that de-
pends on self-selected and decentralized individual actions) must be faced [3]. 

2   Febos: Exploring New Services for Collaborative Music 
Creation 

As described in the previous section, artists and music professionals, by acknowledg-
ing the power the Internet gave them, have been forced to acquire new skills to be part 
of the new setting [2]. Some of them have early tried to collaborate with peers using 
standard internet services not specifically intended for the purpose of music creation 
[4]. Some experimental projects have been developed, like FMOL [5], focused on the 
collaborative composition stage. Barbosa, in [6], surveyed different projects existing 
at the time (2003) and proposed a classification for those systems. He placed them 
across two dimensions: interaction (synchronous / asynchronous) and location (co-
located /remote). There have been also some know initiatives: the Youtube project [7] 
and several online “proprietary” services, free or paid, to provide support for collabo-
rative music creation and diffusion.  

Febos is a project developed at the UPC which, according to Barbosa may be clas-
sified as a Music Composition Support System. It is project oriented and enhances the 
traditional collaboration paradigms by allowing geographical displacement and asyn-
chronous collaboration. 

Febos, from the strategic perspective, does not provide an aggregate service to fi-
nal users, as many similar services over the Internet. It provides a set of atomic ser-
vices that can be used by service aggregators [8], such as social network services, and 
bundled together with services from other sources. Moreover, Febos is intended to be 
released under GNU- LGPL [9], which allows aggregators to develop non LGPL 
software linking to it and to market their services solutions by capturing value in 
different ways. 
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Febos was conceived to be used for discovering and exploring the possibilities of 
collaborative music creation through service-oriented systems. Therefore, its lifecycle 
does not cover the phases of service management and marketing. For the require-
ments specification phase, three proprietary online services2 were analyzed to identify 
the different functionalities they supplied to end users. Febos supplies the set of ser-
vices that covers the three stages in music creation (see Table 1).  

Table 1. Stages of the music creation process, roles and outputs 

Stage Role Outputs 
Composition Artist-composers Scores 
Performances recording  Artist-performers Tracks (instruments,) 
Edition, mixing, mastering Music engineers Works (songs) 

The requirements were validated by testing them with performers and music engi-
neers. Moreover, the possibilities of using Febos by services aggregators were also 
explored by creating a desktop pilot that aggregated Febos services, and also by bun-
dling file hosting services from other sources. 

3   The Service-Oriented Development of Febos 

Due to the particular characteristics of this type of systems, the application of conven-
tional software engineering methods, which suppose a sound and accurate under-
standing of a company’s way of doing business, are not the most appropriate ones to 
apply [10]. 

After considering different service-oriented development proposals [10-15], we 
partially adopted, for the building of Febos, the Service-oriented MDA-Based ap-
proach (SOD-M) [11]. SOD-M method starts by identifying the services required by 
business customers, to make it possible to create a web service composition model. Its 
main features are: (i) services are the first-class objects for the whole process of the IS 
development; (ii) it is an MDA-based [16] approach by extending the computer-
independent models (CIM), platform-independent models PIM and platform-specific 
model PSM levels and; (iii) it uses UML with a service-oriented profile as modeling 
language. Moreover, the modeling process of SOD-M begins by building the models 
from the business perspective, at CIM level, and go forward by building the models at 
PIM and PSM levels, the models from the system perspective.  

Business Modeling: (CIM level) includes three different models: the value model, 
the business process model and the business service list. The value model is obtained 
by applying the e3value business modeling method [10]. It allows us to identify the 
end-users of the business, the business services that will be offered by the systems to 
satisfy the needs of the consumers and the business collaborators, those entities that 
collaborate in providing the business services. The business process model is used to 
describe the set of tasks that need to be performed to achieve a given business result. 
SOD-M represents this model through UML activity diagrams where each activity or 
                                                           
2 www.ejamming.com, www.digitalmusician.net and www.esession.com 
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set of activities can give rise to the identification of one or more business services. 
Finally, the business service list is a textual description of all of the services forming 
part of a business and offered to satisfy the needs of its end-consumers. 

As a result, of the business modeling, we have identified three types of end-users 
who want to share information in order to create music: compositors, musicians and 
sound technicians. Additionally, Febos collaborator, is the actor that offers the ser-
vices (storage, management and publication of users and projects), which are the 
value activities expected to be profitable and shareable among users. The services 
provided by Febos collaborator have been grouped in two groups: user management 
services and project management services. User management services include those 
for the management of information and features of the different users that interact to 
the system. Project management services include those needed for the users to col-
laborate in the creation of music. Table 2 shows the business service list included in 
project management.  

Table 2. List of business services for the Project Management of Febos 

End Consumer Business service 
Service for creating and managing information of projects 
Service for searching for and inviting people to collaborate with 
Service for creating and managing musical works 
Service for creating and managing scores 
Service for creating and managing tracks 
Service for controlling changes on projects 
Service for publication and searching of works, tracks and scores 

Compositor, musician and 
sound engineer 

Service for FTP hosting of musical files 

System Modeling. SOD-M proposes different models for the behaviour modelling of 
the system at the PIM level: use case model, extended use case model, service process 
model and service composition model. Such models focus on the identification of the 
business services to be offered by the system, and on the identification of the func-
tionalities and processes needed to carry them out.  

The UML use case model, in SOD-M, is straightforward obtained from the list of 
services where end-consumers are identified as actors and business services are  
represented as use cases. The extended use case model is used when use cases are 
composite. 

The service process model is used to represent the logically related activities that 
need to be performed in the system to carry out a business service. So, the activities of 
this model represent a behaviour that is part of the workflow needed for the perform-
ance of a business service. In SOD-M, such a model is represented by using the UML 
activity diagram [17]. Fig. 1 shows the service process model, used to represent the 
workflow needed to perform the business service “to manage scores”. 

 

Fig. 1. Service process model for the business service “to manage scores” 
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Moreover, the service composition model extends the service process model by 
identifying those entities that collaborate in the business processes, performing some 
of the actions that are necessary to carry out the business services and the actions that 
each of them performs.  

SOD-M proposes, at the PSM level, the following models to combine the specifi-
cations contained in the PIM models with the details of the platform chosen for im-
plementing the system: the extended service composition model and the web service 
interface model.  

The extended service composition model is represented by means of an activity 
diagram.  The diagram specifies which actions of the service composition process will 
be implemented by web services. In Febos, we decided to implement all the actions as 
web services to facilitate the reusing of them, it allows the communication with exter-
nal collaborators and also allows the possibility of performing calls to Web Services 
already implemented. 

Finally, the web service interface model is used to describe the interface of the 
Web services that will be used in the delivery of each of the services offered by the 
system.  In SOD-M, this model is represented by means of UML class diagrams 
where the modelling elements correspond to the components defined by the WSDL 
(Web Service Description Language) [18]. 

Implementation. One of the main requirements in the implementation of Fobes  
was that all the tools, languages and technologies used on the development were  
open-source. 

Febos was implemented in JAX-WS [19], a JAVA API that simplifies fundamental 
aspects on designing web services, such as safety and efficiency. Febos uses the 
SOAP (simple Object Acces Protocol) [20] protocol, which is based on the exchange 
of data in XML using the HTML protocol messages. This means that any client appli-
cation may use the web service, regardless of the platform and programming langue, 
whenever follows SOAP. 

The application was implemented on the Apache Tomcat server [21], whose latest 
version work fine in high level traffic conditions. For the data persistence, we chose 
MySQL [22] database server which is threaded, multiuser and efficiently manages 
large amount of data.  
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Abstract. Today's organizations are faced with the need to conform to various 
laws and regulations governing their domain of activity. The information sys-
tems (IS) supporting organizational activities have to align to these enforce-
ments as well. The obligation of compliance is particularly stressed in domains 
in which legal framework determines the entire functioning of an organization. 
E-government is such a domain. This state-of-the-art study aims to investigate 
the practices of regulation analysis for extracting key information for IS engi-
neering. The study addresses the practices in any regulation domain, not only 
the one of e-Government, and will focus on approaches aiming to achieve and 
maintain regulatory compliance of IS and services with given regulations. 

Keywords: Regulation compliance, traceability, model, information systems 
engineering, service design. 

1   Introduction 

The increasing body of regulations coupled with the general trend of requiring from 
organizations more transparency in their governance, has lead regulatory compliance 
to become recently an important research topic. The obligation of compliance is par-
ticularly stressed in domains in which legal framework determines the entire function-
ing of an organization. E-government is such a domain. European Commission refers 
to e-government as to the use of ICT systems and tools to provide better public ser-
vices to citizens and other businesses [6]. In this context, administrative laws regulate 
the activities and decision-making of governmental institutions. These laws constitute 
an extensive source of requirements that have to be respected when designing infor-
mation systems (IS) that support institutional activities and (e-)services to public. 
When respecting given regulatory enforcements, IS and services are said to be com-
pliant with regulation. 

From the perspective of engineering compliant IS and services, an important chal-
lenge consists in deriving requirements from legal documents. A number of difficulties 
when dealing with laws is faced: 1) choosing laws applicable for the given context, 2) 
finding relevant information and understanding relations between information frag-
ments in the text, 3) determining true meaning of legal statements, and 4) coping with 
continuous evolution of laws that is, of requirements imposed on organizations [14].  
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Furthermore, law analysis may be prone to interpretations and misunderstandings, 
which in turn may lead to designing non-compliant IS [16]. Such a situation has lead 
to traceability gaining on significance in this research area: the ability to maintain the 
links between originating laws and derived artifacts (requirements, IS specifications 
etc.) is seen as the measure to enable better understanding of legal documents and to 
prevent non-compliance of produced specifications. 

This state-of-the-art study aims to investigate the practices of regulation analysis 
for extracting key information for IS engineering. The study addresses the practices in 
any regulation domain, not only the one of e-Government, and will focus on ap-
proaches aiming to achieve and maintain regulatory compliance of IS and services 
with given regulations. Furthermore, in the context of compliance, it is essential to 
demonstrate how IS and service specifications relate to the fragments of legal text 
they are derived from. Law analysis for IS and service analysis and design, since still 
mostly done by humans, are susceptible to subjectivity and interpretations. Thus, it is 
important to keep trace of the evolution of artifacts being produced, and also of the 
underlying rationale for these evolutions. This is why the state-of-the-art study will 
also investigate the traceability support different approaches provide.  

This paper is organized as follows: Section 2 addresses requirements extraction 
from law; Section 3 focuses on business process compliance, and Section 4 is dedi-
cated to traceability support for compliance. 

2   Extracting Compliance Requirements from Legal Texts 

Regulatory compliance is an area where much of the research has been done by re-
quirements engineering community. Most of the existing approaches have been  
applied in domains of privacy and security regulations, addressing topics such as: 
modeling legal text, deriving compliance requirements from legal documents, verify-
ing compliance of existing software systems, aligning software requirements with 
those derived from laws, etc. Modeling regulations and extracting key concepts from 
legal documents are recognized as particularly challenging tasks for requirements 
engineers, system developers and compliance auditors [16]. Several reasons for it are 
underlined: 1) the very nature of language in which laws are written, containing many 
ambiguities, cross-references, domain-specific definitions, acronyms etc., 2) overlap-
ping or complementing regulations at different level of authority, 3) frequent changes 
or amendment of regulations over time, etc [14, 16]. 

2.1   Extracting Rights and Obligations from Regulations 

[16] examines various approaches for modeling regulations, extracting key concepts 
from legal texts, and creating compliance checking systems in last half-decade. 
Amongst different historical approaches discussed, the deontic logic approach is ac-
knowledged as worthwhile approach to extract key information from regulations. By 
extracting the rights and obligations, it enabled disambiguating regulations and mak-
ing extracted concepts more exploitable by information system designers.  
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Several researches work to illustrate this approach can be mentioned:  

• [15, 20] support the extraction of “objects of concern” (right, anti-right, obligation, 
anti-obligation, and exception) from legal texts, with the adapted semantic annota-
tion tool Cerno. Obligations, constraints and condition keywords are highlighted in 
a regulation and a list of constraints and obligations are obtained (including trace-
ability markers).  

• [2, 17] address automated extraction of normative references, such as specific 
rights and obligations, detailed in legal texts, and address the problem of the law’s 
evolution by tracking changes over time. 

• Antón et al. [3, 4] developed the methodology to extract and balance formal de-
scriptions of rules (rights and obligations) that govern actors' (or stakeholder's) ac-
tions from regulatory texts. The approach combines goal-oriented analysis of legal 
documents and techniques for extracting rights, obligations, constraints, rules from 
natural language statements in legal text. Semantic parameterization entails identi-
fying the ambiguities within a legal text and balancing the extracted rights and ob-
ligations. Such a decomposition of regulations enabled to identify both explicit and 
implied rights and obligations, and their capturing is not addressed by the other de-
ontic logic approaches. However, the extraction of these elements from regulations 
still has to be done manually. The important strength of the approach consists in 
resolving the problems of ambiguity, polysemy, cross-references when analyzing 
legal text, and maintaining traceability across all the artifacts in the process. The 
proposed methodology has been applied in US regulation governing information 
privacy in health care domain. 

2.2   Modeling Regulations with Goal-Oriented Models 

The approach of SecureTropos ([9, 10]) uses goal-oriented techniques to model secu-
rity requirements, for the purpose of assessing the organization's compliance with 
Italian Data Protection Act. SecureTropos is based on i* framework, and involves 
extracting and representing goals, soft goals, tasks, resources, and social relationships 
for defining obligations. The focus of this research is on applying requirements engi-
neering principles and techniques for modeling security requirements, and further-
more, it investigates how an organization can assess the compliance with security 
standards from a particular regulation. However, the extraction of concepts from law 
has to be done manually, and the coverage of legal documents is limited only to secu-
rity aspect. 

Similarly, in their framework for tracking compliance of business processes to leg-
islation, Ghanavati et al. [7, 8] aim to establish different types of links between mod-
els of legislation, on one side, and organizational policy and processes, on the other 
side. These links would enable examining the influence of evolving legislations on 
organizational policies and business processes, and would help to guarantee their 
compliance. The approach combines goal-oriented requirement language (GRL), user 
requirements notation (URN), and use case maps (UCM). The requirements from 
legal documents are modeled in terms of actors, goals and tasks with GRL and the 
extraction of these concepts from law is performed manually. The framework has 
been applied in the domain of information privacy in healthcare in Canada. 
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3   Regulation Modeling and Business Process Compliance 

Regulatory compliance and its management has also been a topic in the business 
process research area. The work [13] proposes to rely on ontologies for formal model-
ing of regulations. Ontologies are seen to help resolving inconsistency of legal defini-
tions and regulatory information fragments. These models would be coupled with 
semantic business processes, thus constituting the basis for compliance management 
framework flexible to evolution in both business process and legislation. 

Karagiannis et al. [11, 12] developed a business process-based solution for making 
a company compliant with particular governance regulation of Sarbanes-Oxley (SOX) 
act. The solution is based on meta-modeling approach. The regulatory aspects are 
expressed in models, and included into business processes (models), to improve or 
redesign them for compliance with corresponding regulations. 

Compliance of business processes against non-prescriptive regulations (like SOX 
and Basel II), is also addressed in the CRP Henri Tudor [27, 19]. This research is in 
particular focused on providing effective support for financial business process design 
(compliant to Basel II regulations), as well as for the assessment of the compliance 
and its improvement. Goal-oriented models and ISO/IEC 15504 process assessment 
standard are used for structuring requirements for business process, and together 
compose a formal framework according to which compliance of business process is 
assessed.  

4   Traceability Support for Compliance 

In software engineering, traceability is seen, at general level, as the ability to establish 
degrees of relationships between two or more products of a software development 
process [8]. The practice of traceability is argued to be a proof of software develop-
ment process maturity, and one of the measures of software system quality. However, 
the wide adoption of this practice is not yet seen, one of important burdens being the 
overhead of manually creating and maintaining the trace relationships between trace-
able objects. Model-Driven Engineering (MDE) is endorsed as the opportunity to 
automate both the creation and discovery of traceability relationships, which first 
demands for explicit modeling of traceability "problem". 

In the survey [16] of past 50 years' research efforts in regulations analysis and 
modeling, and monitoring compliance, Antón and Otto discuss how traceability gains 
much greater significance in that context. First, the traceability support should make 
possible to demonstrate exactly how the produced IS specifications and systems relate 
to originating laws. Moreover, given the nature of legal text and particularly (inten-
tional and unintentional) ambiguities that may be found within, their analysis and 
modeling inevitably contains interpretations. Here traces are needed to document, 
track these interpretations, thus attenuating the impact of analyst’s subjectivity. Fi-
nally, in the situation of evolving regulation, the established links would facilitate 
evaluating the impact this evolution has on IS specifications. 

In their framework for tracking compliance of organization processes to legisla-
tion, Ghanavati et al. [7, 8] propose the support for traceability by a set of links to 
establish between legislation and organizational models. The traces between elements 
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of legislation goal-models and definitions in legal text are established with source 
links. Likewise, goal and process models of organization connect with its policies, 
while process models also have responsibility link towards elements of corresponding 
goal-model. Compliance is tracked through manually created traceability and compli-
ance links, first linking parts of two goal models between each other, and second 
referencing to parts of legislation texts, for additional information that cannot be eas-
ily reflected in models. 

In the approach of Breaux and Antón [3, 4, 5] where rules and obligations are ex-
tracted from regulations to align software requirements for compliance, the traceabil-
ity is maintained across all the artifacts produced from legal text to the corresponding 
software requirements. However, most of the traceability links needs to be established 
manually. 

5   Conclusion 

Most of the existing work from requirements community, although providing very 
elaborated techniques, concepts and tool support, implicitly relies on the assumption 
that compliance  can be achieved at the requirements level, through the harmonization 
between IS requirements and those derived from legislation. These different works 
address the compliance regarding specific security and privacy regulations.  

The approaches centered on business process tend to address compliance more at 
the level of organization, its strategy, policies and process, rather than on the underly-
ing IS level. The focus is on including requirements imposed by specific regulation, to 
existing business processes, in order to ensure or assess their regulatory compliance. 
These approaches mostly focus on modeling dynamic aspects of organizational sys-
tem, where business processes are being designed or redesigned. IS and service engi-
neering require that more aspects, not only business processes, be covered in the cor-
responding specifications.  

To the best of our knowledge, there is no, in the literature, method specific to the 
design of compliant e-government services. 
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Abstract. We analyze the problem of calculating the customer lifetime

value (CLV) under contract structures that have an impact on customer

dynamics. Typical examples are minimum contract durations, or fixed

time points for contract cancellation. We show that classical Markov

Chain models are not appropriate and may lead to large errors in the

CLV. We propose a Semi-Markov formulation which leads to substan-

tially better results.
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1 Introduction

The concept of customer lifetime value (CLV) has attracted increasing attention
in the last decades, especially in the field of marketing. Valuating individual
customers with respect to their future expected profit is a key input for many
marketing decisions and has become central to relationship management [1,2,3].

Often, the relationship between firm and client is governed by contracts. Ex-
amples are telecom, service subscriptions such as TV, newspapers, or video
rentals. Such contracts often aim at influencing the future behavior of the cus-
tomers. For example, a customer signing a contract with minimum duration is
effectively bound to the firm for a certain amount of time, thus suppressing
cancellation and churn.

In fact, the design of service contracts is typically very much affected by the
goal of influencing the future behavior of the signing customer, thus the contract
design is a relevant component of the CLV of a signing customer. The focus of this
paper is to derive a method for CLV calculation unter contracts that influence
the future dynamics of customers.

2 Calculation of CLV

While the concept of CLV is very easy to understand, it can be a very challenging
task to actually calculate the CLV in a specific context. Several models have been
proposed in the literature. An excellent review is given in [4].
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For explicitly describing the dynamics of a customer over time, state space
models have been shown to be a particularly useful modeling approach. In these
models, the state of a customer at time t > 0 is described by a stochastic
process X(t), where X(t) can have discrete values i = 1, 2, . . . , N , and N is the
number of states. In the case of a contractual setting, each state is attributed to
a specific contract relation. State changes reflect a change of the contract, such
as cancellation of an existing contract, or signing of a new contract.

The most popular state space model is the Markov chain model (MCM) which
has been introduced by Pfeifer and Carraway [5]. In the MCM, the dynamics of
a customer is defined on discrete time steps t = 1, 2, . . ., where a single time step
corresponds to specific time period such as a week, month or year. The dynamics
is governed by a matrix of probabilities pij , i, j = 1, . . . , N where pij denotes the
probability to change from state i to state j within the time step t �→ t + 1.

In a state space model, the profit of a customer is typically described by
parameters c(i), i = 1, . . . , N , where c(i) is the profit for a single time step if the
customer is in state i. For infinite time horizon, the expected CLV is given by
the discounted sum

CLV =
∞∑

t=0

E (c (X(t)))αt (1)

with a discount factor α < 1 defining how much future profits should be dis-
counted, and E() denoting the expectation value. For finite time horizon, similar
equations can be formulated (see [4]).

MCMs have been proven to be a useful model in different contexts. However,
for the case of contract structures that have an impact on customer, MCMs are
not appropriate. The reason is that MCMs are based on the Markov property
which assumes that the future behavior only depends on the current state, not
on the history. In particular, the transition probability pij must not depend on
the time a customer has been in state i. This is a clear contradiction to many
contract clauses which explicitly depend on the contract duration. An example
is a minimum contract duration rule which requires the transition probability
being zero within this time period, and increasing after some time.

In the next section, we propose a new modeling methodology based on Semi-
Markov models which allows the easy integration of sojourn dependent dynamics.

3 New Model for CLV Calculation Based on Semi-Markov
Approach

In this section we propose a new model for describing the customer dynamics
in a state space model. This model explicitly allows the integration of contract
rules that depend on the sojourn time in the state.

We use an extension of Markov models, the so-called Semi-Markov models
SMM (see e.g. [6] for an introduction). SMMs are an extension of Markov pro-
cesses. The stochastic process X(t) is divided into two elements: the first element
describes the sojourn time within a state, where the second element describes
the switching probabilities at the time instant when a state is left.
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We use SMM in a discrete time version with the following structure:

– For modeling the sojourn time, we use a discrete time hazard function hi(T ),
where hi(T ), t = 0, 1, . . . specifies the probability of leaving state i after a
sojourn time T within the next time step.

– For modeling the switching after leaving a state, we use the switching prob-
ability matrix P which also may depend on the sojourn time T : P = P (T ).

Note that in the case of P being independent on T , and all hazard functions hi

being constant, we end up in the MCM.
With the above described model parameters hi(T ) and P (T ), we are able to

model many typical contract rules based on sojourn time. In the following we
give some examples, assuming that we use a state space model where each state
is coupled to a specific contract:

– Minimum contract duration: If the contract belonging to state i has a
minimum duration period of T0, then it is not possible to leave this state
for T < T0. This means that hi(T ) = 0 for T < T0). An example of such a
hazard function is shown in Fig. 1(b). In this example, it is assumed that,
for T > T0, the contract can be cancelled at each time, and the cancellation
probability is assumed to be constant after the minimum duration period
T0.

– Minimum contract duration with subsequent cancellation peak:
Suppose that a lot of customers become unhappy with the contract during
the minimum duration period. This will lead to a cancellation peak directly
after the minimum duration time. This might be modeled by a hazard func-
tion as shown in Fig. 1(c).

– Yearly renewal policy: If the contract allows a cancellation only after a
full year, and the contract continues if not cancelled, the hazard function
may look like in Fig. 1(d). Here, the cancellation probability is assumed to
decrease for longer sojourn time, reflecting the fact that long-time customers
tend to be more loyal and have a lower cancellation probability than new
customers.

The reference case of a Markovian dynamics with constant cancellation probabil-
ity and without any contract related impact on customer dynamics is displayed
in Fig. 1(a).

In addition to the hazard function, the switching probabilities may depend on
the sojourn time as well. For example, suppose a three state model, where state
1 denotes the state ”no contract”, state 2 denotes ”simple contract”, and state 3
denotes ”extended contract”. Assume furthermore, that the simple contract has
a minimum contract duration of T0. However, if the customer wishes to upgrade
to the extended contract, this is possible at all times. This leads to switching
probabilities that depend on T .

For the calculation of the CLV we assume that the profit c(i) per time step
is given for each state i. According to Eq. (1), the CLV can be calculated. With
some algebra, closed form expressions for the CLV can be derived which are
published elsewhere.
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Fig. 1. Hazard functions for different contract types. (a) Reference case of Markovian

dynamics, where the contract does not influence the customer dynamics. (b) Contract

with minimum duration, afterwards constant cancellation probability. (c) Contract with

minimum duration and cancellation peak. (d) Contract with yearly renewal policy.

4 Applications

In this section we study the CLV of customers for two simple cases under a
contract with minimum contract duration. We assume that the Semi-Markov
model with a sojourn dependent hazard function models the CLV correctly. We
compare the results to the results which would have obtained when using a
standard MCM. For this comparison, we use a MCM with the same switching
probability matrix and the same mean sojourn time as the SMM.

For the sake of simplicity, we restrict our discussion to a case of two states 0
and 1, where state 0 denotes the state ”no contract”, and state 1 means ”having
a contract”. The initial state at t=0 is X(0)=1, and the customer is assumed to
have been in state 1 already for a time T when the CLV analysis is made. We
further assume that there is no recurrence from state 0 to state 1, i.e. h0(T ) = 0
for all T . Also, we set α = 1 thus ignoring discounting.

Note, however, that the derived theory can be used in more complex situations
including more states, recurrence, and even more complex autonomous dynamics
between these states, and discount factors α < 1.

For all examples, we use a time step of one month for t �→ t + 1, and a profit
of 1 per month as long as the contract is running (state 1) and 0 if there is no
contract (state 0).

4.1 Contract with Minimum Contract Duration

We study a contract with minimum duration period of one year, i.e. h1(T ) = 0
for T < 12. We assume that the hazard function is constant after the minimum
duration period with h1(T ) = 1/36 for T ≥ 12. Thus, the mean contract time
is 36 months plus the minimum duration period, which equals 48 months. In
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Fig. 2. CLV as a function of lifetime T . (a) Contract with 12 month minimum duration

and constant hazard function afterwards. (b) Contract with 12 month minimum dura-

tion where 50% of the customers cancel after 12 months. Solid line: true CLV. Dashed

line: CLV calculated with MCM.

Fig. 2 (a), the true CLV as a function of the current sojourn time T is shown
as a solid line. For T = 0, the CLV equals a profit of 4 years, i.e. CLV=48. The
CLV decreases until T = 12, and then stays constant at a value of 36 due to the
Markovian dynamics for T > 12 which means that the CLV must be independent
on the sojourn time.

If we had used a Markov Chain model, we would have set p10 = 1/48, since
this results in the correct mean contract time of 48 months. Accordingly, the
CLV that we would have calculated with a MCM would be 48 independent on
T . This is denoted by the dashed line. Apparently, for T > 12 , the MCM leads
to an overestimation of the CLV of 33%. This is a consequence of the incorrect
model assumptions of Markovian dynamics.

4.2 Contract with Minimum Duration and Cancellation Peak

Now we study a contract with the same minimum duration as in the last section,
but where 50% of the customers become unhappy with the contract during the
minimum contract period, such that they cancel the contract after 12 months.
The happy customers are assumed to continue the contract for another 6 years
on the average.

The mean contract duration is 0.5 ·12+0.5 ·72 = 48 which is the same value as
in the last section. However, the CLV as a function of T behaves quite differently.
At the end of the first year the CLV is 0.5 · 72 = 36, since 50% of the customers
will stay in the contract with an average remaining lifetime of 72 months, but
the other 50% cancel and thus have a remaining lifetime of 0. However, just
after the cancellation peak (i.e. T > 12), the CLV increases to 72 since for all
customers with T > 12 the remaining lifetime in the contract is 72 months. In
Fig. 2 (b), the CLV as a function of T is displayed. A MCM would use again
p10 = 1/48, and the CLV would be assumed to be 48 independent on T . Thus,
the CLV would be underestimed by 50% in this case.

It can easily be seen that, depending on the values for the cancellation peak
after the minimum duration period, and the remaining contract time afterwards,
the difference between the CLV calculated with a MCM and the true CLV can
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be arbitrarily large. Thus, simplifying the true dynamics of the customers by
assuming a Markovian dynamics may lead to significantly wrong CLVs.

5 Conclusion

The examples described above show that the classical Markov Chain Models
are not able to describe the resulting dynamics correctly. Moreover, we have
shown with some simple examples that if the CLV is calculated by wrongly
using MCM in such situations, the obtained CLV may be arbitrarily wrong,
depending on the context. Errors of 50% and more are to be expected even in very
simple cases. Any marketing decisions which are based on CLV calculations tend
to be significantly suboptimum in these cases. Thus, simplifying the customer
dynamics by assuming a Markovian dynamics may lead to large errors with a
possibly huge impact on the marketing effectivity.

In contrast, a Semi-Markov approach is able to model correctly sojourn time
dependent dynamics of customer. Using this approach, many popular contract
types can be modeled explicitly, and the effect of the contract on customer
dynamics can be taken into account correctly. The formulae for calculating the
CLV have been given.

We have applied the model to the case of direct marketing for newspaper
subscription of a leading Swiss newspaper. The results will be published in a
forthcoming paper.
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Abstract. Conventional services as well as web services are explored and dis-
covered by descriptions of their properties. Such properties are either functional 
or non-functional. Amongst the non-functional properties is the price for service 
consumption. Evaluating the price of a service is difficult due to a huge variety 
of existing pricing models and conditions. But still, it is important to a service 
consumer to evaluate arising costs, esp. in scenarios of long-term usage and if 
combining several services. In theory and practice so far there exists no method 
that sufficiently guides the decision of selecting specific services regarding the 
non-functional property price. This paper strives to promote research-in-progress 
for such a method, which is based on the TCO concept and on insights from 
capital budgeting in investment theory. The method is indented to support ser-
vice consumers in selecting a specific service, in comparing several functionally 
similar services, and finally in evaluating complete service orchestrations.  

Keywords: Service Selection, Service Orchestration, Cost Calculation. 

1   Selecting, Comparing and Orchestrating Services 

For offering services online, service providers are demanded to enrich their services 
by additional information, allowing service consumers to reason about services, e.g. 
for configuring complex services out of more elementary ones, i.e. service orchestra-
tion [1]. Services can be described by properties they feature. In Computer Science 
the notion of existing functional and non-functional aspects leading the rationale for 
the various choices in a software engineering process is well-established [2]. While 
the functional requirements specify the process and outcome of a service, non-
functional requirements reflect on the performance, reliability and economics of the 
software usage. Research in Business Science and Information Systems acknowledges 
the existence of these concepts [1]. Recently, in the context of web services, these 
non-functional properties have been identified as a fundamental “prerequisite for 
service discovery and engagement” [3]. 

Amongst the non-functional properties prescribing the economics of utilizing a 
service is the service provider’s pricing model that the service is subject to. This 
property can be described in taxonomies that hold for both, technical (web) services 



 Total Cost of Service Life 283 

 

and conventional (business) services [3]. But even if described explicitly, an analysis 
of the monetary implications of service usage is required, for (1) valuating a specific 
service, (2) comparing several services to each other, and (3) valuating / comparing 
orchestrations comprising several services. 

Evaluating the price of a specific service and esp. comparing financial implications 
of different services is demanding due to a huge variety of pricing models and condi-
tions existing in business practice and due to the existence of derivated payments that 
are implied by the decision for or against a service. We argue, that so far in theory and 
practice there exists no methodological guidance for the decision process of selecting 
specific services that considers the non-functional property “price” in an adequate 
way. This paper strives to promote research-in-progress that is intended to design a 
Total-Costs-of-Ownership (TCO) based calculation method that embodies methods 
from investment theory. Therefore, we exhibit the challenges in selecting, comparing 
and orchestrating (web) services regarding their non-functional property price (2.1). 
We then explore the existing broad variety of service pricing models (2.2) and intro-
duce approaches to the decision problem in theory (2.3) and practice (2.4). We close 
with a brief presentation of our proposal for a finance plan-based decision support for 
service marketplaces that provide “conventional” and web services.  

2   The Decision Problem 

2.1   Functional and Non-functional Perspectives on Services 

Drawing from Alexander’s [4] observation that design problems have to be decom-
posed in terms of function on the one hand and economics on the other hand, the 
selection of services has to be performed in two respects: In terms of function, the 
outcome fulfilled by a service has to be specified by the service provider, and needs to 
be assessed and accepted by a consumer. Technological parameters might be either 
functional (“Which functionality is provided by the service?”) or non-functional (e.g. 
availability, response times, security). In terms of economics, the financial conse-
quences of selecting a service have to be specified by the service provider in order to 
sell a service, while a service consumer needs to evaluate functionally suitable ser-
vices from an economic perspective to purposefully select the “best” service for his 
needs. Economical aspects especially cover the monetary implications of such deci-
sion, i.e. the resulting cash-flows from service engagement [5]. 

In highly competitive markets, many services might claim to offer the same value 
proposition [6] to the service consumer. Consistent with this observation, selecting 
specific services amongst several functionally comparable and sufficient ones is a 
profound decision problem. So far, the discussion in academia as well as in practice is 
heavily dominated by a technology-centered perspective on the concept of service 
orientation [7]. Standards and their technical specifications for describing the func-
tional aspects and orchestrations of services dominate the debate. Accordingly, de-
tailed methods and tools for evaluating economical consequences related to specific 
services are missing.  

Fig. 1 depicts a conceptual framework to systematize scopes for designing a more 
adequate decision support in selecting services. In the horizontal dimension, the func-
tional and economic aspects proposed by Alexander [4] have been transferred to the 
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service domain. In the vertical dimension, different design problems can be identified 
for the stakeholders involved in the process of selling/buying “conventional” and web 
services. The group of stakeholders comprises a service provider and a service con-
sumer. In addition, services might be traded on platforms (allowing for discovering, 
orchestrating and operating services), which introduces an additional mediating role 
into the framework [8]. 

(I)
Description of the function of a 

service or web service in an 
unambiguous format

(such as WSDL).

Service provider’s 
point of view

Service consumer’s
point of view

Selection with 
respect to 

functional criteria

Selection with 
respect to 
economic 

evaluations

(III)
Search for a service or web 

service on the marketplace with 
predefined functional criteria.

(IV)
Specification of a business 

model, payment sequence and 
terms of contract for using a 

service or web service.

(VI)
Search, comparison and 

selection of services or web 
services with expected 

behaviour, the predifined 
business model, payment 

sequence and terms of contract.

Marketplace operator’s 
point of view

(II)
Publication of a repository of 

services or web services along 
with their functional criteria in a 
machine-computable format.

(V)
Provision of functionality to 

search for and compare financial 
conditions and terms of contract 

of equivalent services or web 
services. Functionality to finalize 
the contract and start the delivery 

of the service.
 

Fig. 1. Conceptualization of decision problems 

2.2   The Complexity of the Phenomenon “Price” 

Recent publications discuss approaches for finding functionally sufficient services 
referring to service discovery [9] [10]. However, there exist only few analyses of the 
cost perspective representing monetary consequences of such decisions. For a pro-
found service selection, methods from IT controlling and investment appraisal should 
be considered ([11] gives an overview). IT controlling methods, esp. the TCO con-
cept, have been applied to calculate investments into “traditional” application system 
as well as more service-oriented concepts like Application Service Providing (ASP) 
[12] or Software-as-a-Service (SaaS) [13]. Though, existing approaches frequently 
regard only single alternatives, comprising only components of a specific provider. 
However, when measuring the costs of a system that is orchestrated from services of a 
multitude of providers several licence models and payment conditions have to be 
integrated [14]. 

From the service consumer’s perspective the decision problem is complex as he is 
facing two categories of price opaqueness: a multitude of different pricing models and 
payment conditions and the existence of derivative payments (Sec. 2.3) that are unap-
parent to the consumer at a first glance but are causatively linked to the decision. We 
here use mobile phone metaphors to illustrate the main categories of pricing models 
that can be observed in practice [15] [16]: 

• Flat-Pricing: A user might use a service within a certain period of time without 
constraints in frequency or intensity (cf. Internet or mobile phone flat rates). 
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• Per-packet Pricing:  A user pays for a specific number of service executions. If the 
user pays for each service execution this is called pay-per-use (cf. sending short 
messages).  

• Parametric Pricing: The price is linked to the extent and the characteristics of the 
parameters that are input to the service. It might be that the price can be calculated 
only ex-post after service execution (cf. a translation service that charges depend-
ing on the number of words). 

• Resource-based Pricing: The price is linked to the resources occupied by service 
execution, e.g. by CPU time, memory, bandwidth (cf. mobile data transfer).  

• Lump-sum Pricing: A user can use a service without constraints after having paid a 
fee. 

• Commission/Brokerage: A user pays a share of the earnings generated by utilizing 
a service to the service provider. 

• Hybrid Pricing Models: Hybrid pricing models represent any combination of the 
aforementioned pricing models. In case of intensity-based licenses, for example, a 
specific amount of service calls within a fixed time period is covered (cf. monthly 
short message packages). 

2.3   Payment-Oriented Economic Analysis for IT Investments  

There is considerable related work in the IS discipline addressing IT investment deci-
sions and IT investment profitability analysis [17] [18]. Here we argue that a long-
term analysis of specific service orchestrations’ monetary consequences should pref-
erably regard payments (instead of costs). That implies the need to include capital 
lockup, payment of interests (based on the opportunity rate of interest of the internal 
funds and the outside capital rate of interests), and tax payments or refunds. These 
payment categories are derivated monetary consequences of a service selection [19] 
that are neglected in existing models [20]. They are of less obvious nature to the ser-
vice consumer, but causally linked to the selection. Capital budgeting provides well-
established methods that are a means to this kind of decision problems in investment 
analysis [21]. In turn, conventional models, e.g. the TCO approach as presented by 
Gartner, dominate the practice of IT investment decisions, but ignore this notion [22]. 
TCO comprises a class of controlling instruments, which can be used for an economi-
cal evaluation of investment objects, not only based on the initial once-off costs, but 
on all costs incurring along the entire life-cycle of the controlling object [20]. 

However, the traditional TCO approaches for evaluating IT artifacts neglect the de-
scribed effects of capital budgeting. One aspect is that the opportunity interest rate on 
internal capital and the outside capital interest rate remain unaddressed. As a conse-
quence, the option of not buying a service, but investing the money at the capital 
market is not calculated and compared to the financial consequences of buying a ser-
vice [22]. This effect might influence decisions in service selection, as the omission of 
initial investments into infrastructure and software licenses is a leading motivator for 
a shift towards more service-oriented architectures. Furthermore, the traditional TCO 
model just sums up the costs that accrue during the life time of the IT investment 
object, but ignores the time value of money, which might be substantial in long-term 
analyses. 
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2.4   Approaches Observed in Practice 

Some of the major service providers already provide decision support for their users. 
The most mature approach is offered by Amazon, one of the biggest service providers 
on the Internet. The Simple Monthly Calculator supports the definition of propositions 
on the expected pattern-of-use and accordingly estimates resulting costs. However, 
the tool considers only one (referential) time period. The analysis of a dynamic devel-
opment of the service usage is not supported. The calculation is also provided only for 
two out of the overall 15 services provided by Amazon. The major share of the other 
providers, like market-leading StrikeIron, provides only static price lists to their users. 
Other providers (e.g. Michelin) inform about their prices just on request. There exists 
no calculation support which regards license models of different service providers 
instead of a vendor-specific consideration at all. We conclude that few service provid-
ers (e.g. Amazon) have already seen that there exists the challenge of an economical 
evaluation of services. But the implementations in practice are so far methodologi-
cally insufficient. 

3   Towards a Finance Plan-Based Decision Support in Service 
Selection 

We illustrated the complexity of the decision problem in selecting amongst function-
ally comparable services. The multitude and heterogeneity of license models and 
shortcomings of prevalent IT investment leads to the following challenge: How to 
integrate the different costs that are related to particular services along the entire ser-
vice lifecycle in a systematic and methodically grounded way incorporating financial 
implications of taxes, interest rates and depreciations? Currently, we develop a 
method that utilizes finance plans as an instrument from investment theory to address 
these challenges.  

The method is intended to be applied in service marketplaces, which allow for of-
fering traditional services as well as web services via a single infrastructure. The 
method will serve as a means to increase transparency for service consumers in such 
ecosystems. If there exists a multitude of services in such marketplaces, consumers 
may find themselves overwhelmed with viable alternatives that address their needs. 
Consumers tend not to feel that they “benefit” from too many options, but instead it is 
likely that they do not buy any service at all [23] or customers are less satisfied with 
their choice [24]. To foster acceptance of the marketplace, the operator therefore 
should provide methodological guidance to his users to support them in the decision 
problem. Elsewise, service consumers tend to resort to very simple and non-optimal 
strategies in choosing services [24] which is likely to negatively affect the success of 
the platform in the long run. We believe that our integrated decision support approach 
can serve as such an instrument - advancing the acceptance of the marketplace. 

 
Acknowledgements. This paper was written in the context of the research project 
FlexNet (Flexible Information System Architectures for Hybrid Value Networks). 
This project is funded by the German Federal Ministry of Education and Research 
(BMBF) under the reference number 01FD0629. We thank the project management 
agency German Aerospace Center (PT-DLR) for its support. 



 Total Cost of Service Life 287 

 

References 

1. Baida, Z., Gordijn, J., Omelayenko, B.: A shared service terminology for online service 
provisioning. In: Proceedings of the 6th international conference on Electronic commerce - 
ICEC 2004, Delft, The Netherlands (2004) 

2. Perry, D.E., Wolf, A.L.: Foundations for the study of software architecture. ACM Sig-
SOFT Software Engineering Notes 17(4), 40–52 (1992) 

3. O’Sullivan, J., Edmond, D., ter Hofstede, A.: The Price of Services. In: Proceedings of 
Service-Oriented Computing – ISCO 2005, Belfast, Northern Ireland, pp. 564–569 (2005) 

4. Alexander, C.: Notes on the synthesis of form, 5th edn. Harvard University Press, Cam-
bridge (1970) 

5. Brocke, J., Thomas, O., Sonnenberg, C.: Towards an Economic Justification of Service 
Oriented Architectures – Measuring the Financial Impact. In: Proceedings of the 14th 
Americas Conference on Information Systems, Toronto, ON, Canada (2008) 

6. Cohen, J., Darlington, J., Lee, W.: Payment and Negotiation for the Next Generation Grid 
and Web. Concurrency and Computation 20(3), 239–251 (2008) 

7. Kontogiannis, K., Lewis, K., Smith, D., Litoiu, M., Müller, H., Schuster, S., Stroulia, E.: 
The Landscape of Service-oriented Systems. In: Proceedings of International Workshop on 
Systems Development in SOA Environments, SDSOA 2007 (2007) 

8. Hoyer, V., Stanoevska-Slabeva, K.: Towards a Reference Model for Grassroots Enterprise 
Mashup Environments. In: Proceedings of the 17th European Conference on Information 
Systems (ECIS 2009), Verona, Italy (2009) 

9. Garofalakis, J., Panagis, Y., Sakkopoulos, E., Tsakalidis, A.: Contemporary Web Service 
Discovery Mechanisms. Journal of Web Engineering 5(3), 265–290 (2006) 

10. Knackstedt, R., Kuropka, D., Müller, O., Polyvyanyy, A.: An Ontology-based Service Dis-
covery Approach for the Provisioning of Product-Service Bundles. In: Proceedings of the 
16th European Conference on Information Systems (ECIS 2008), Galway, Ireland (2008) 

11. Walter, S.G., Spitta, T.: Approaches to the Ex-Ante Evaluations of Investments into In-
formation Systems. Wirtschaftsinformatik 46(3), 171–180 (2004) 

12. Cheng, H., Koehler, G.: Optimal pricing policies of webenabled application services. De-
cision Support Systems 35(3), 259–272 (2003) 

13. Serva, M.A., Sherer, S.A., Sipior, J.C.: When Do You ASP? Information Systems Fron-
tiers 5(2), 219–232 (2003) 

14. Gupta, A., Stahl, D., Whinston, A.: A stochastic equilibrium model of Internet pricing. J. 
Econom. Dynamics Control 21(4-5), 697–722 (1997) 

15. Clark, M.: Selling Web Services. In: Fletcher, P., Waterhouse, M. (eds.) Web Services 
Business Strategies and Architectures. Expert Bress, Birmingham (2002) 

16. Harmon, R., Demirkan, H., Hefley, B., Auseklis, N.: Pricing Strategies for Information 
Technology Services: A Value-Based Approach. In: Proceedings of the 42nd Hawaii In-
ternational Conference on Information Systems (HICSS 2009), Waikoloa, Hawaii, USA 
(2009) 

17. Im, K.S., Dow, K.E., Grover, V.: Research Report: A Reexamination of IT Investment and 
the Market Value of the Firm. Information Systems Research 12(1), 103–117 (2001) 

18. Hitt, L.M., Brynjolfsson, E.: Productivity, Business Profitability, and Customer Surplus. 
MIS Quarterly 20(2), 121–142 (1996) 

19. Becker, J., Beverungen, D., Knackstedt, R., Müller, O.: Modeling, Customer-Specific Con-
figuration and Calculation of Value Bundles. In: Proceedings of the 14th Americas Con-
ference on Information Systems (AMCIS 2008), Toronto, Canada (2008) 



288 J. Becker et al. 

 

20. Brocke, J., Grob, H.L., Buddendick, C., Strauch, G.: Return on Security Investments. In: 
Proceedings of the 13th Americas Conference on Information Systems, Keystone, CO, 
USA (2007) 

21. Shapiro, A.C.: Capital budgeting and investment analysis. Prentice-Hall, Englewood Cliffs 
(2004) 

22. Bensberg, F., Dewanto, B.L.: TCO VOFI for e-Learning Plattforms. In: ITI Poster Ab-
stracts of the 25th International Conference on Information Technology Interfaces (ITI), 
Zagreb (2003) 

23. Iyengar, S.S., Lepper, M.R.: When choice is demotivating: Can one desire too much of a 
good thing? Journal of Personality and Social Psychology 79(6), 995–1006 (2000) 

24. McKee, P., Taylor, S., Surridge, M., Lowe, R.C.: Strategies for the Service Market Place. 
In: Veit, D.J., Altmann, J. (eds.) GECON 2007. LNCS, vol. 4685, pp. 58–70. Springer, 
Heidelberg (2007) 



A Cross Disciplinary Approach to Analyze the
Effects of Digitalized Service Implementation

Thècle Alix1 and David Reymond2

1 IMS, University of Bordeaux / CNRS, 351 Cours de la Libration,

33405 Talence Cedex, France

thecle.alix@ims-bordeaux.fr
2 MICA - GRESIC, University of Bordeaux, Maison des Sciences de l’Homme

d’Aquitaine, Esplanade des Antilles,

33607 Pessac Cedex, France

david.reymond@iut.u-bordeaux3.fr

Abstract. Service orientation has become through the year a practice

that many organizations use to gain a competitive advantage whatever

their sector of activity. Most of them are digital services that replace prior

services or allow innovation. In all cases, they generate deep changes in

the organization information system that are often not managed. In this

short paper, we propose a methodology to appreciate the incidence of dig-

italized service implementation taking the functional needs of customers

to satisfy and the internal organizational changes into account.

Keywords: Service science, web service, service performance measure-

ment, social integration perspective.

1 Introduction

Manufacturers associate a customer-oriented added value to the products they
deliver by the way of services. A survey done in summer 2008 has shown that
services are performed internally by manufacturing firm for 95% of them and
concern home delivery, after sales services, studies, training, payment in sev-
eral times, command follow up and for big companies, legal services and hotline
assistance [3]. Information and Communication Technologies (ICT) are the un-
derlying means used to perform these services. While many methods and tools
have been developed in production science to optimize the manufacturing firms’
potential and increase at the same time its productivity, quality and flexibil-
ity, the service orientation impacts organization, management, and control but
also people’s focus and skills that must be less technology oriented and rather
customer oriented.

At the same time, the report concerning the ratio of force between the manu-
facturing industry and the tertiary sector shows that this latest mainly benefits
from service activities and that the tertiary sector generates many employments
and gather new companies. Consequently, service providers have to face chal-
lenges relative to: (ı) the innovation expansion, (ıı) the systemization of service
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delivery process and (ııı) the management of the offer value from design to de-
livery. A current way to innovate consists in supporting the service offer using
ICT. A study carried out in 2005 by the OEDC has shown that the service sector
is the main consumer of ICT [12]. Many innovations coming from this sector
are linked to the purchasing or adaptation of new ICT [6]. These latest, impact
the economical functions and processes of the organization as well as its internal
organization and investments. The key competitive advantage generated allow
to: (ı) automate the internal and external relations of organizations, (ıı) manage
the exchanges with multiple partners, (ııı) speed up the production, commu-
nication, commercialization process, (ıv) increase productivity, (v) valorize the
immaterial capital of the company and (vı) remain competitive by detecting
market opportunities. While many works have been done in service research to
address the three challenges of innovation, value management and systemization
in traditional service delivery, only few models address these problematic in the
context of service offers through ICT as well as its consequences on the service
delivery system and on whole organization.

Here, we propose to analyze the impacts of a new service development or a
service digitalization, on the internal organization of an organization regarding
its actors, its strategy, and the interrelations between the inner business pro-
cesses, etc. in addition to the user and usage perspective. The organization we
consider is a public organization i.e. a university and the main service concerned,
generalized by a Content Management System (CMS), is a web publication ser-
vice. This service is a well known IT system used to provide not only contents
but also digital services in a portal front-end. CMS are very intrusive regarding
the whole information system due to the needs in interoperability between data,
in portal cases, between services that is in every component of the system to
become operative. CMS are critical in term of security because they provide a
wide access to public or private content all in one [11]. According to the analysis
needs, two discussions can derive: one from the digital service point of view and
another one from the data edited using the CMS service point of view. In another
perspective, university portals supplied by the CMS consumers are decisive at
the strategic level, let show through the IT organizational policy and allows us
to consider the content production services as classical business processes. In the
next section, we will deeper present the context of our works and the underlying
project. The two steps of the work planned to respond to the project purpose
are discussed in section three before concluding.

2 The Reformation of the University Practices

The academic research has not focused on or been organized to meet the needs
of service businesses. Major challenges to services industries that could be taken
up by universities include: (ı) the adaptation and application of systems and
industrial engineering concepts, methodologies, and quality-control processes to
service functions and businesses, (ıı) the integration of technological research
and social science, management, and policy research and (ııı) the education and
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training of engineering and science graduates prepared to deal with management,
policy, and social issues [14]. Spohrer and his co-authors note that the universities
must adapt and apply the concepts of engineering method and quality control
of processes [14].

Since, some IT services have been settled up one can report: the dematerial-
ization of the central services of the university (registration, multi access card
which covers a huge variety of services: form the payment as a credit card or
the access to the rooms, to the library, the transportation, etc.) and the imple-
mentation of support service by the way of computer frameworks that involve a
mobilization of means and a reconversion of the missions of individuals. In other
words, the universities, whose activities are classified in the third sector of activ-
ity, are currently offering a huge amount of services to their members; from the
most basicone that allows a student to follow a course in a face to face relation
with a professor to IT supported services allowing the same student to follow
the same course online, and to have access to other sophisticated functionalities
such as data personal storage, or shared data storage, personal agenda and their
sharing, etc. Supported by business process, these services are settled by indi-
viduals on their own voluntarily or by internal administrative components of the
universities pushed by their representative without method. Most of the time,
following global policy [13], these services are proposed independently from the
existing one, often without consideration on the interactions that can happen, on
the implications onto the information system and often without analysis of the
efficiency and effectiveness of the whole organization. The lack of consideration
is most of the time explained by the size of the organization and the numerous
actors implied. Then, the main objective during service design is reduced to the
fulfillment of users or creators needs from a functional point of view. We argue
that a way to counter these difficulties occurring in the design phase is to iden-
tify performance indicators based on these considerations during the evaluation
cycle of the delivered service.

This dematerialization requires the interoperability of the whole information
system as well as the reorganization of the internal processes which were de-
livering these services in the past and the reconversion of the operators toward
new tasks relative to users’ management. In our works, operators of the edito-
rial chain supplanted by the CMS are generally switched in a users’ assistance
employment which lead them to have knowledge on the efficiency of the IT ser-
vice. The quality of these new processes can be measured using average standards
but often the reconversion of human actors from their initial mission is neglected
even more forgotten. Thus the major incidences of service digitalization (based
on digital service implementation) can be perceived as a benefit regarding the
possibility to share the means, to reduce the information system supply chain
and reduce consequently to reduce the total cost , as well as source of innova-
tion and almost feedback on service usability. However rejections due to human
maladjustment can occur and weaken the system on the long term. What does
really happen? Which are the means to integrate this human dimension into the
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service life of a durable and accepted policy quality supporting this adaptation
of our institutions?

The starting assumption is that the facility of adaptation of actors depends
on their ability to use the web technologies. The verification of this assumption
will lead to the definition of qualitative indicators of the population concerned
by the introduction of these services and will make it possible the specification
of accompaniment plans to support the changes. Our study is planned in two
steps: first, we propose to measure, by the way of a questionnaire, the degree of
use and appropriateness of web interfaces by the different categories of individ-
uals who compose the university organization (except the student which belong,
for most services, to the customer category). Objective is to identify within the
internal organization, population having singular practices on the web, from non
users, to interface friendly users; to users with selfpublication capability. More
than two thousand people in the corpus organization are concerned by the ques-
tionnaire that will lead to categorize behaviors and attach them to one or more
components of the organization, in order to reduce the primary complexity. The
second part of the study aims at questioning, by individual talks, some of the
actors of the components previously associated with singularities. Actors will be
interviewed if the component is attached to a digital service, as replacement of an
old internal service or as a new service. To deliver those interviews, we propose
to cross different kinds of population to observe the hierarchy inside the organi-
zation: from the operators using the service to the strategists, to appreciate the
maturation of the interest of the service set up (required for competitiveness,
resolution of recurring problems of inconsistency of IS by too long data process-
ing sequences and consequently leading to innovation service). The crossing of
the two studies will lead to the production of indicators useful a priori for the
appreciation of the incidence of the service implementation on supplanted actors
with objectives of recommendations of accompaniment for this implementation.

3 Raudin and the Inter Disciplinary Perspective

The RAUDIN: axis 3 is a project funded by the Feder, the University of Bordeaux
3 and Regional Council of Aquitaine. The original idea has came from the notice
that traditional web analysis fails in global sense: there is no way to infer on the
organization of content production and publication processes from the several
audience measures that can be performed. A key to accede this issue is to use the
information produced by webometrics techniques to evaluate sites bases on linked
data and content published. Our approach is to distinguish in the editorial zone
specifics classes of websites (by missions or activities they present or function
they propose). We will apply to those classes Bib14 well known webometrics
characterizations such as linking count and classical websites indicators such as
size, impact or visibility. Our objective is to make statistics of discriminated
sub-organizations websites and hence to produce a more precise view on content
published in order to develop communication policy.

Actually only specific services, websites or content are measured indepen-
dently from their inscription on the global organization processes. We propose
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to use an exploratory method to enlarge the view of web audience using a tri-
angulation of the web communication based on:

– the communication objectives and the way the publishing structure is orga-
nized to edit content and assume several on-line services,

– the result of the organized data (hypertext topology, relationships between
contents and classified contents, statistical data on the site will furnish met-
rics [2] and contextual indicators). We develop a tool [7] for helping web-
master in achieving this goal.

– the customers usage [5] of content edited which will be analyzed by user’s
tests derived from psychology and ergonomics studies.

Hence the web field is here as a multidisciplinary terrain [8], [10] and could
appear as an information science terrain or as a media as in communication
science. We defend here a building method from the complexity theory [9] to
observe and qualify a global system without pretending characterizing all the
faces. Production scientists are involved to model and rationalize the view of
the organization and of course of the several studied processes. Psychologists
are present to introduce human variables in the model characterizing the actors’
appropriation of digital web services.

The first perspective of the triangulation of this general research project is
used here as a terrain material: we focus on the organization editing process
as previously indicated. The University of Bordeaux is historically divided in
four disciplines universities (Sciences, Health, Humanities and Economics) and
rounded by several high schools. In the global RAUDIN::axe3 project we delimit
our area to the two most important establishments that have the oldest history
in CMS introduction in their information system. The questionnaire is settled
in digital form and will be addressed by email to the population of the two
universities of the corpus at the first days of January. We expect through this
step to obtain a categorization of general web use and profile kinds of use in
order to launch the second part of the analysis to restricted population.

4 Conclusion

The position defended here is that Service Science has to consider actors of the
support background to digital services not only on the basis of their functional
interest but also as members and actors of the service delivery process.In con-
sequent, those members experience should be significantly included in quality
measurement process as valuable information. The experiment in progress will
define new quality indicators to be included in the service value chain framework
presented by the author [4]. We expect to add a human perspective to the two-
sided view of service processes based on the common observation that services
are typically coproduced by service providers and customers.
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Abstract. Activities concerned with the design, planning and execution of ser-
vices are becoming increasingly complex. This is due to the involvement of 
many different stakeholders, the complexity of the service systems themselves, 
and the dynamic nature of their organizational and ICT environments. Service 
knowledge management helps share and reuse relevant knowledge among the 
different stakeholders, and therefore emerges as a critical factor to perform ser-
vice activities with required efficiency and quality. Recent advances in knowl-
edge management provide promising opportunities to support individual service 
activities within a single domain. Yet, sharing knowledge throughout the ser-
vice life-cycle and across service domains is still very challenging. The source 
of service knowledge, its usage, update frequency, encoding and associated 
stakeholders may vary depending upon the service activity and the service do-
main. Based on a critical analysis of currently proposed frameworks, we argue 
that a process framework approach is beneficial for service knowledge  
management. To support our claim, we offer an abstract template and a typical 
service life-cycle that can be adopted to integrate heterogeneous service knowl-
edge from diverse sources. 

Keywords: Unified Process, Process Framework, Knowledge Management 
Framework, Service Life-cycle, Service Knowledge Management. 

1   Introduction 

Services are playing an important role in our current economies. In general, experts 
from different disciplines are involved in the various service activities, such as the 
design, planning, offering, execution and regulation of services. Knowledge manage-
ment throughout the service life-cycle and across service domains becomes very chal-
lenging with the increasing complexity of these service activities and with particular 
terminology, semantics, artifacts, information sources, analytical methods and deci-
sion tools for each activity and from each domain. Depending on the service activity 
and the service domain, experts may engage in knowledge creation using different 
environments with different update frequency, system support, encoding and usage 
scenarios. Consequently, the integration, management and provisioning of such 
knowledge is hard to achieve. This is particularly the case for small enterprises that 
would prefer to reuse available knowledge. This calls for a knowledge management 
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strategy that allows the creation, sharing and reuse of service knowledge in interoper-
able, collaborative and dynamic environments.  

2   Service Knowledge Management Requirement 

In the literature one can observe that many developments exist that can support ser-
vice knowledge management [1-7]. We claim that it is questionable whether these 
developments can be qualified as frameworks. A framework is a research tool em-
ployed to identify general concepts of a field of enquiry along with inter-relations 
among them [1]. The Activity Based Framework for Services (ABFS) is a framework 
being proposed to support integration of multi-disciplinary work in the service science 
community [1]. In this work, services are seen as processes with various actors and 
attributes. The Service System Framework [2] is a similar effort, which characterizes 
services under a systems view. In [3], a discipline-by-life-cycle matrix is proposed for 
identifying professional skills requirements during the entire service life-cycle. TRIZ 
[4] is an example of an existing framework, employed to aid in services innovation by 
applying the 40 TRIZ principles. The Zachman framework has been applied to service 
description  and service engineering in the enterprise architecture viewpoint in [5] and 
[6], respectively. Finally, combined advances in semantic web and knowledge man-
agement approaches provide a strong basis for collaboration and reuse. For example, 
emerging results in semantic web and knowledge management can be used as a basis 
for a knowledge management framework in the health domain [7]. 

By studying these ongoing efforts towards service knowledge management we 
identified some knowledge integration issues. Each framework is proposed to meet 
the need of a special discipline or domain. In case, knowledge sources from different 
disciplines and domains are integrated in a single knowledge repository, disambigua-
tion of some terms is necessary to create a unified logical namespace. Identification 
and establishment of multi-disciplinary indicators and criteria for this disambiguation 
activity may require consensus among contributors. Comprehensive coverage of the 
complete service life-cycle is highly desirable. This can be particularly challenging as 
the knowledge management framework should not only act as a repository of hetero-
geneous knowledge artifacts, but should ensure complete tractability, configurability, 
extensibility and coverage, so that it can be reused in different dynamic collaborative 
environments. 

3   Salient Features of a Process Framework 

Process frameworks have been extensively used by the software development com-
munity in dynamic collaborative team environments. Rational Unified Process (RUP) 
is an example of a widely accepted process framework [8]. A process framework is 
employed as an integrative tool for defining various actors, their attributes, skills, 
activities, outcomes and related information. It provides guidance in the form of 
checklists, white papers, concept definitions, tool mentors and related references to 
aid the activity. As an important feature, it also helps document the work distribution  
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in the form of work breakdown structures. Identified tasks are grouped to form disci-
plines, identified work products are grouped to form domains, and, identified work 
breakdown structures are grouped to form capability patterns [9]. In this manner it 
integrates various elements involved in different phases of the software development 
life-cycle. Once the process is well defined, the individual teams can utilize required 
process subsets or the entire process and also may customize these to meet individual 
requirements. 

4   Proposal 

Considering the reusability and the integrative capability of a process framework, we 
are investigating its applicability to the service knowledge management problem. The 
RUP has already been extended to support the development of computational services 
according to the Service-Oriented Architecture (SOA) paradigm in [10]. Table 1 iden-
tifies service knowledge elements that are often found in the literature on services 
science [1-6], process framework elements identified in [8-10], and the possible map-
pings between these elements. 

Table 1. Mapping between service knowledge elements process framework elements 

 Service knowledge elements Process framework elements 
1 Actor (Stakeholder), Skill  Role, Role set  
2 Process Task, Discipline 
3 Service Life-cycle phase Capability pattern, Delivery process 
4 Value, experience Work product, Domain 
5 Technology support Tool mentor 
6 Recommendation Guidance, Checklist, Templates, etc. 
7 Traceability Process editor / viewer / IDE 
8 Customization Process authoring/custom fragment 

Employing the concept of framework in a service knowledge context, we selected 
the most salient service knowledge elements and defined how each of them is related 
to other service elements in the abstract model depicted in Fig. 1. A service process is 
associated to operations, roles, outcomes, and work products. Each service process 
can be evaluated by some measure and may be governed by some business rule. Work 
products of a service process can be of many forms as defined in a typical process 
framework. Such elements can be identified for all processes in various phases of 
service life-cycle. A typical service life-cycle may include phases like service identi-
fication, requirements and analysis, knowledge management, planning, configuration, 
execution, monitoring, analysis, control, governance, upgrade, promotion and innova-
tion. Fig. 2 depicts the logical progression of life-cycle phases for a service instance 
that we are considering in our work. Depending upon the nature of the service and 
decisions of related stakeholders, the service instance may exhibit different stages and 
iterations. 
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Fig. 1. Typical service elements  

 

Fig. 2. Typical service life-cycle  

5   Discussion 

Elements depicted in Fig. 1 can be identified for each phase of the service life-cycle 
depicted in Fig. 2. For example, the knowledge encoding can be carried out using a 
process authoring tool. Eclipse Processing Framework (EPF) [9] is an open source tool 
that can be used for this, while the Rational Method Composer (RMC) is a commercial 
tool widely employed to author and share a process with additional capabilities to 
integrate with software development tools and environments. We argue that these 
capabilities can help support service knowledge management. Work products like 
service blueprints, governance policies, and similar documents are knowledge artifacts 
that can be created, shared and reused among service instances. The process frame-
work enables the integration of these artifacts as guidance and can associate them with 
specific process stakeholders and their work environments. The stakeholders can reuse 
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relevant shared processes or fragments and can also author customized processes ac-
cording to their requirements. In this manner, this approach is advantageous over other 
approaches where integration of heterogeneous knowledge forms is difficult due to 
various representational constraints.  

6   Conclusion 

In this paper we characterize the challenging problem of knowledge management in 
complex service systems. We studied ongoing research efforts that address this prob-
lem and identified some common limitations of these efforts. We investigated the 
suitability of a process framework for multi-disciplinary service knowledge manage-
ment. To support our suitability claim, we identified mappings between common 
elements of service knowledge and elements of a process framework, and we pre-
sented a typical service life-cycle. Our current efforts are on the development of 
method plug-ins to cover a generic service life-cycle. The future work will aim at 
integrating discipline-specific tools and environments according to appropriate 
method content. 
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