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Abstract 
The recent growth in the services sector implies that more 
people must be trained in this area. This inspired us to 
develop a Services Science Graduation Programme at the 
University of Twente, the Netherlands. We propose a 
study programme of five years, consisting of a Master 
phase of two years and a PhD phase of three years. This 
paper reports on our efforts to develop our Services 
Science Graduation Programme. Our approach in the 
development of this programme consisted of two phases: 
1. we performed a survey of the programmes of other 
institutions in order to identify service concerns to be 
covered, but also patterns and strategies, and 2. we 
defined a programme with enough coverage, taking into 
consideration the local resources (course and lecturers) 
so that the programme can start immediately. In our 
survey we catalogued 386 courses offered in 35 
programmes related to Services Science worldwide. The 
topics have been organised according to generic service 
activities, in an attempt to define the elements that should 
or could be covered by a Services Science programme. 
We conclude that although we have reused available 
courses, we have defined a Services Science programme 
with acceptable coverage of service concerns. 
Furthermore, specialisation can be attained by means of 
projects and traineeships in particular areas or 
application domains. 
 
 
1.  Introduction 
 

Increasingly more people are being employed in the 
service sector [1]. This trend is starting to influence policy 
and investment decisions of governments, industries and 
academia [2]. Academia have responded with the 
introduction of a new discipline named Services Science 
in which novel teaching, research and publication 
opportunities should be identified [3]. 

Services are characterised by their uniqueness, high 
customisation and value-added personal experience, and 
are delivered in diverse and dynamic environments [1]. 
Furthermore, many business services are supported by 
ICT services. This implies that a science for services has 
to be multi-disciplinary, professional skills should cover a 
broad spectrum, and flexibility is a crucial competence to 
be attained by professionals in this area [4]. The 
development of these skills directly improves the 
employability of these professionals [5]. Moreover, 

services in different areas and at different levels comply 
with stable life-cycle patterns that determine the activities 
to be performed by professionals. From these 
observations we conclude that service professionals 
should have a ‘T-shaped’ profile [6]: they should have 
general knowledge of multi-disciplinary concepts, 
techniques and theories in science, management and 
engineering that are relevant for services, but  specialise 
in some particular aspects in order to make concrete 
contributions to the field, either in academia or in 
industry.  

Although this profile is quite clear and has been 
sketched before, recent surveys have revealed some 
shortage of professionals with these skills and knowledge 
[7]. Reasons for this shortage include the lack of a general 
theory of services, underestimation of the importance of 
the services-related activities, unclear branding of 
Services Science in the students community, and the 
inability to claim intellectual property rights of services 
[2]. This calls for a Services Science discipline as a 
research field, with its corresponding education 
programme. This inspired us to develop a Services 
Science Graduation Programme at the University of 
Twente, the Netherlands. This five-year programme 
consists of a Master phase of two years and a PhD phase 
of three years. 

This paper reports on the systematic approach we 
applied in the development of our Services Science 
Programme. We developed this programme by following 
an approach consisting of two phases: 1. we performed a 
survey of the programmes of other institutions in order to 
identify service concerns to be covered by our 
programme, but also patterns and strategies, and 2. we 
defined a programme with enough coverage, taking into 
consideration the local resources (courses and lecturers) 
so that the programme can start immediately.  

The paper is further structured as follows: Section 2 
introduces the systematic approach we applied for 
surveying and analysing courses and curricula offered by 
other institutions in this area. Section 3 proposes a 
classification scheme for the courses and curricula we 
identified in our survey. Section 4 discusses the results of 
our analysis of the existing courses and curricula. Section 
5 discusses our Services Science Programme, which has 
been obtained by taking into account the courses available 
at our university and some of the findings of our survey. 
Section 6 gives our final conclusions. 
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The systematic approach we applied in our review of 

existing courses and curricula is described below, in terms 
of our research questions, search strategy and data 
analysis. 

 
2.1.  Research questions 
 

Services Science curricula are already being offered by 
institutions in different contexts. These curricula are 
continuously evolving based on experience and the 
collaborative support of industrial and governmental 
organisations. When designing a new Services Science 
curriculum, one can find best practices, trade-offs and 
strategies by analysing these existing curricula. A 
systematic review of existing courses and curricula can 
therefore be useful when designing a new curriculum.  

Services Science curricula are already offered by some 
Business Schools and Engineering Departments as 
isolated programmes. Since Services Science is an 
integrative discipline, typically involving at least 
Computer Science and Business Management, it requires 
a holistic view to cover all science, management and 
engineering aspects of services. This integration also 
enables innovation in this area. 

Based on these observations we came up with the 
following research questions: 
1. Which patterns can be identified for the coverage of 

service aspects by courses and curricula? 
2. Which strategies can be identified in the reuse of 

existing courses? 
3. Which skills are pursued in the courses of the 

different curricula? 
4. What are the service concerns covered by these 

courses and curricula? 
5. What are the identifiable trade-offs in the courses 

offered in these curricula? 
6. What are the innovative pedagogical practices in 

these courses? 
7. What are the innovative non-teaching activities in 

these curricula? 
 
2.2.  Search strategy 
 

In our survey, we selected material from the following 
sources: 
− Conference and journal papers from digital libraries. 
− Web pages of education programmes. 
− Programme brochures and graduate handbooks. 
− Books [8] [9] and book chapters. 
− Service science portals [10]. 

 
We selected courses and programmes that explicitly 

refer to Services Science in their title. We also selected 
curricula with courses from the traditional disciplines 

(e.g., Computer Science or Business Management) that 
relate themselves to Services Science. We did not exclude 
curricula offered by institutions from any specific 
geographical area or degree level, i.e., all curricula that 
offer professional certificates, and undergraduate or 
graduate degrees in Services Science around the world 
have been included in this survey. However, we excluded 
some curricula listed on Services Science portals that are 
not operational yet. Research and internships that cover 
general topics have been excluded, as well as curricula 
reported on research papers that are not operational, such 
as, e.g., [5]. 

Our survey generated a data set at the granularity of 
courses from Services Science curricula offered by 
various institutions around the world. We do not claim to 
be complete, but we gathered enough information to 
answer our research questions.  

 
2.3.  Data organisation strategy 
 

We presented the data of this survey primarily in 
tabular form by including the course names and other 
educational activities. For the analysis, we inserted this 
data in a spreadsheet. The data extraction was carried out 
based on the name of each individual course. Therefore, 
course names have been used as keywords to describe and 
classify the courses. We realised that these courses could 
be classified in many different ways, but we decided to 
group them according to the service activities that are 
mostly addressed in each course, as shown in Appendix 
A. 

 
3.  Classification 
 

The data set on courses and curricula we collected had 
to be organised to make it suitable for analysis. Courses 
related to Services Science can be arranged and classified 
in many possible ways. For example, the classification 
could be based on the distinction between (i) different 
service activities carried out by service professionals in 
the service lifecycle, (ii) different theories, techniques or 
management strategies employed in these service 
activities, or (iii) different service disciplines [11] 
involved in the application of the theories, techniques or 
strategies. Since Services Science is essentially 
multidisciplinary, we realised that (ii) and (iii) are 
probably not the most suitable approaches for 
classification. Even at the level of individual course a 
discipline-based classification may not be appropriate, as 
multiple theories, techniques and strategies may be used 
to pursue teaching goals in a single course. This implies 
that it is hard to classify these courses according to classes 
identified with approaches (ii) or (iii).  

Depending on the granularity of the service activities 
used as classification schema, this drawback is less 

2.  Approach 
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serious if we choose (i) as classification approach. 
Therefore, we classified the courses based on service 
activities. We derived the necessary service activities 
from the professional service skills identified in [4], and 
placed these activities in the context of a service life-
cycle. Our underlying assumption is that our teaching 
goals should allow the students to pursue these 
professional skills. In order to judge whether the 
identified service activities are sufficient we used the 
service life-cycle that we reported in [11]. This life-cycle 
is supposed to be general enough to be applied to both 
social and computational services. Figure 1 shows this 
service life-cycle. 

 

 
 

Figure 1. A generic service life-cycle 
 
Each of the service activities shown in Figure 1 is 

briefly described below: 
1. Service Identification is related to the identification 

of actors, resources, processes, environment, 
boundaries and their inter-relations, and the 
explanation of their characteristics, intentions, states 
etc.  

2. Service Requirement & Analysis is related to the 
needs of the identified actors, visions and legal 
obligations.  

3. Service Knowledge Management is related to the 
identification of information needs, handling of 
information sources, and management of service- 
related information and knowledge. 

4. Service Planning is related to the estimation of costs, 
scheduling of service operations, modelling of 
business logic, resource allocation and management. 

5. Service Configuration is related to the design, 
configuration, handling and management of systems, 
availability of infrastructure and access to partner 
systems.  

6. Service Execution is related to the (management of) 
service operation and its associated aspects. 

7. Service Monitoring is related to the monitoring, 
tracking and tracing of service operations and their 
associated artefacts.  

8. Service Analysis is related to the analysis of service 
transactions, monitoring logs and other data sources 
for reporting and business intelligence. 

9. Service Control is related to the adjustments and fine 
tuning of service operations and systems that are 
performed based on monitoring and analysis results. 

10. Service Governance is related to policy, risk analysis, 
compliance and other strategic decisions concerning 
the services life-cycle.  

11. Service Promotion is related to marketing and 
communication.  

12. Service Upgrade is related to the updating or 
extensions of the service offerings. 

13. Service Innovation is related to the innovative 
methods for designing, offering, delivering, and 
customizing existing services.  

 
Each of these activities is carried out by corresponding 

service professionals. These professionals can have 
various levels of expertise and skills and perform tasks in 
specific sequences. For example, a service professional 
responsible for service planning may have skills and 
familiarity with technology and strategy, and the 
theoretical knowledge required to lay-out concrete plans 
for service realisation. A service operator may have only 
the operational skills that are necessary to perform service 
operations.  
 
4.  Coverage analysis 
 

We classified 386 courses offered in 35 programmes 
based on the service activities described in Section 3. 
Appendix A summarises the results of our classification 
by indicating (in the columns) how many courses in each 
programme relate to each service activity.  
 
4.1.  Courses and programmes 
 

The programmes from the Michigan Technological 
University, Ohio State University, University of Carlo 
Cattaneo, University of Washington and Warwick offer 
mainly courses related to Service Innovation, Service 
Identification and Service Planning. The Service System 
Engineering programme from the Michigan 
Technological University offers courses on Service 
System Dynamics and Design, Service System Operations, 
and Analysis and Design of Web based Services. The 
Certificate in Managing Services Programme offered by 
the Ohio State University features Lean Service 
Operation, Strategy and Leadership courses. The 
University Carlo Cattaneo offers a course on Service 
Oriented Process Reengineering and Warwick introduces 
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Service Design and Delivery. The GISE Certificate 
Programme offered by the University of Washington has 
courses on financial planning, risk analysis and business 
management aspects of services. 

The programmes offered by the University of Trento, 
Karlsruhe Institute of Technology and EPFL have mainly 
courses related to computational services and systems. 
Service-Oriented Computing, Enterprise and service-
oriented architecture, SSME aspects of Cloud Computing, 
Business on the Internet and Application integration and 
Business Process Management are examples of courses in 
which computing technologies are applied in the services 
context. The Information and Services Economy and Web 
Architecture and Information Management courses 
offered by the University of California at Berkeley could 
be grouped together with the courses mentioned above. 

The Arizona State University offers a programme that 
focuses on service promotion issues, with courses on 
Services Marketing and Management, E-commerce 
Marketing Strategy and Strategic Projects. The 
Capability Improvement for Service Organizations 
programme of the Carnegie Mellon University and 
Managing Change programme of the University of 
Glasgow offer innovative courses in service marketing 
and management areas. 

The Dual Masters Programme of the ‘Bahçeşehir 
Üniversitesi’ offers courses on Operations Research in IT 
Services Management, Introduction to IT Services 
Management, Project Evaluation and Assessment and 
Project Management Practices, in which project 
management is applied to the service activities. The NC 
State University features courses on Services 
Management, Supply Chain Relationships and Project 
Management in the Services Management and Consulting 
programme. The Northern Illinois University offers a 
Masters programme in Services Science, with courses like 
Services Quality, Services Operations, Services Analysis 
and Services Consulting, with emphasis on operations and 
management activities. The Masters programme on 
Services and Manufacturing Systems Engineering from 
the Rensselaer Polytechnic Institute features Services 
Operations Management, Knowledge Based Operations 
Management, Knowledge Discovery with Data Mining 
and other courses that indicate a focus on engineering 
techniques. The Services Management programme of 
‘Tecnológico Monterrey’ features courses like 
Administration of Human Talent in Companies of 
Services, Administration of Service Companies and 
Commercialization Strategies for Services, indicating a 
focus on business administration skills. 

There are a few programmes that show a balanced 
coverage of service activities. The Master of engineering 
services programme of the Geneva Business School 
includes courses from most of the service activities, with 
innovative courses like Financial tools adapted to service 
companies, Marketing of the service experience, 

Operations Management Services Sustainable 
management of private and public services. The Master's 
Programme in Information and Service Management of 
the Helsinki School of Economics also has a balanced 
coverage of the service activities, with courses like 
Service Operations and Strategy and Economics of 
Technological Innovation. The Masaryk University offers 
a SSME Master Study, with courses like Marketing 
Strategy in Service Business, Project Management and 
Service Lifecycle and Services: Systems, Modelling and 
Execution. Similarly, the Masters in Services Engineering 
and Management programme of the ‘Universidade do 
Porto’, the Masters specialisation on Service Systems 
Engineering of the University at Buffalo, the Masters in 
Service Science and Management programme of the 
University of Exeter and the MBA Programme of the 
University of Pennsylvania are examples of service 
science curricula with balanced coverage.  

Some programmes have introductory courses on 
Service science. For instance, the Karlstad University, the 
University of Alberta and the Wright State University 
offers Service Science courses. Similarly, University of 
Toronto has a course called An Introduction to Service 
Science, and the University of Bridgeport has a course on 
Foundations of Service Management and Engineering and 
the University of Sydney has offered a course on IT 
Professional Services. We have included these courses in 
our survey as well since they can be considered as useful 
building blocks when shaping a Services Science 
programme. 
 
4.2.  Discussion of results 
 

We answered our research questions related to 
coverage, focus, patterns, trade-offs and best practices of 
Services Science programmes based on our detailed 
analysis of the available courses and curricula. Patterns 
could be identified when considering the coverage of 
service activities in the courses of different programmes. 
In Section 4.1 we discussed the programmes by 
considering their similarities in the dominance of some 
concerns. Evidence of this pattern can be seen in 
Appendix A. Some programmes that offer Masters level 
specialisation have been designed by reusing existing 
courses in management and engineering disciplines. In 
certain programmes, the influence of the participating 
schools or faculties on the nature of the courses offered 
was evident. For instance, the programmes offered by 
Business schools and Engineering schools clearly indicate 
the dominance of business and engineering courses, 
respectively. We also expect that limitations of the local 
resources (available courses and expertise of lecturers) 
make it hard for an institution to cover all the service 
activities in a single programme. However, the analysis 
also revealed some innovative courses that could be 
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considered as best practices. For instance, courses like 
‘Service Design and Delivery’, ‘Capability Improvement 
for Service Organizations’, ‘Service Operations and 
Strategy’ and ‘Economics of Technological Innovation’ 
are related to various service activities and are quite 
valuable. Apart from the courses, the analysis also 
revealed unique features targeted to provide hands on 
experience with service activities, like, for example, 
‘Service Audit’. 

Section 4 mentions a few other exemplary courses that 
are offered in various programmes on Services Science. A 
proposal of a new Services Science programme, therefore, 
should consist of similar courses on theories, techniques 
and practices of all relevant and applicable disciplines. 
We argue that in order to be effective, the programme 
should be carefully designed at the granularity of each 
teaching module level of all identified courses, also with 
appropriate involvement of participating departments. For 
instance, a course entitled ‘Service Design and Delivery’ 
should ideally include teaching activities from areas like 
engineering, technology, marketing, finance, business 
administration, psychology, philosophy, and economics. 
In an ideal situation, the participating lecturers should 
design their teaching modules to fit the overall objectives 
of the course. However, the implementation of a 
programme designed in this way would probably 
introduce challenges and trade-offs between the level of 
detail and coverage of the course material. Ideally, the 
programme should be defined with other courses at the 
same level of detail to cover all the service activities. The 
challenge would be to have a number of courses that can 
be taught within the given time constraints.  

The programme should also balance teaching, research 
and practice. Personal professional skills can be acquired 
in extra-curricular activities like internships, on-site 
trainings, field surveys, audits, and the like. Active 
collaboration with government agencies, companies and 
peer academic institutions could make it possible to 
realise these activities. An ideal programme should 
therefore ensure that students have enough offers of extra-
curricular activities to select from. 

 
5.  Our programme 
 

Unfortunately in our Services Science Programme we 
could not incorporate all the best practices that we have 
identified from the survey, because of some practical 
issues. Our main constraint has been that the body of 
lecturers of the participating departments is limited and 
already committed to other programmes. This implies that 
these lecturers cannot be assigned to develop and deliver 
new courses like the ones that have been identified in our 
survey. Furthermore, we are not free to define the 
programme workload as we wish, since the education 
load and course periods are already determined by 

university regulations. Therefore we could only 
implement our programme by using existing courses as 
building blocks and making sure that the programme 
complies with the rules of the programmes in which these 
courses were embedded. This pragmatic solution made it 
possible to implement the programme quite quickly, 
without increasing the workload of the lecturers and 
without requiring additional resources (equipment, rooms, 
etc.). A potential drawback is that the coverage of service 
activities as discussed in Section 4 cannot be guaranteed. 

In a joint effort of the Computer Science Department 
and the School of Business and Management, we selected 
existing courses from the Computer Science (CS) and the 
Business Information Technology (BIT) Masters 
programmes that cover the service activities identified 
before. During brainstorming sessions we defined two 
tracks with mandatory and elective courses that have been 
chosen from the available courses of the CS and BIT 
programmes. This resulted in a 5-year graduate 
programme in Services Science, consisting of a two-year 
Masters phase followed by a three-year PhD phase, in the 
format prescribed by the Twente Graduation School, 
which has recently been established at the University of 
Twente. 

We also decided to make the Masters phase of our 
programme comply with the requirements of the existing 
accredited Masters programmes and their tracks. This 
means that a Master student can follow our Services 
Science programme and obtain a Master degree from the 
CS programme (Information Systems Engineering or 
Software Engineering track) or from the BIT programme. 
Our Services Science programme consists of a set of 
compulsory courses, and two alternative tracks, namely a 
Services Technologies track and a Services in Business 
track, which are targeted to the CS and BIT students, 
respectively. 

Figure 2 gives the structure of the Masters phase of our 
Services Science programme and indicates the courses we 
selected as mandatory for the whole Masters phase, as 
well as for each track.  
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Figure 2. Masters phase of the Services Science 

programme 
 
After successfully completing the Masters phase, a 

student can start the three-year PhD phase. In this phase 
the student can choose activities from prominent summer 
schools, symposia and conferences related to Services 
Science. Students should also select one course and a 
multi-disciplinary case study, aiming at widening their 
service skills. Table 1 shows all the activities prescribed 
in the PhD phase of our programme. The final milestone 
of this phase is the completion of the PhD research as 
planned, and successful defence of the PhD thesis. 
 

Table 1. PhD phase of the Services Science 
programme 

 
1. Educational programme related to research 
a. 4 courses chosen from the research schools 
IPA/SIKS/BETA PhD seminars, or similar 
b. 2 summer/winter schools, like 
IPA/SIKS/BETA summer schools, or similar  
c. attendance of 2 national symposia and 2 international 
conferences 
From a list of high-quality symposia and conferences, 
including RE, EDOC, ICSOC, ICWS, CAiSE, ICSE, BPM, ICIS 
2. Educational programme aimed at widening perspective 
a. Choose one course form 

− Enterprise modelling 
− Information & Knowledge management 
− Professional services management 
− Financial products 

b. Or perform a multidisciplinary case study 
− With another research institute or 
− With another graduate school programme 

3. Educational tasks 

a. Supervision of MSc and BSc projects related to research 
topic (2 projects) 
b. Teaching exercise classes and/or limited lecturing 
Not obligatory for students with scholarship  
4. Personal development 
Choose an 8-days programme from UT courses (or 
equivalent NWO talent classes), covering: 
a. Courses on technical writing / communication skills 
b. Course project/time management 
c. Career orientation 
5. PhD research, culminating in papers, prototypes, and a 
PhD thesis 
a. Completion of research plan (Month 1-6) 
b. Development of thesis (Month 7-30) 
c. Completion of thesis (Month 31-36) 

 
This Services Science programme has been recently 

approved by the Twente Graduate School of the 
University of Twente, and is now in the start up phase 
[12]. 

 
6  Conclusions 
 

In this paper we reported on our motivation and 
approach to develop an academic programme on Services 
Science at the University of Twente. Our programme has 
been developed to supply the current demand for service 
professionals, and is especially important in a country as 
the Netherlands, which has a long tradition in trading 
services. In this programme, professionals will be trained 
for working in the industry and academia in the services 
area. 

We developed our Services Science programme in two 
steps, namely by (i) performing a thorough survey of 
existing courses and curricula in the area in order to 
identify patterns and best practises and (ii) considering the 
local resources (lecturers and available courses) to 
implement some of these patterns and best practises in a 
programme that can start right away. Our survey of 
existing courses and curricula is in itself a valuable body 
of knowledge, as it gives a clear picture of the current 
academic support to Services Science education. We 
organised the results of our survey in terms of service 
activities of a service life-cycle, which have been 
instrumental for us to identify the areas that should be 
covered by our programme. 

Our Services Science programme has been proposed to 
the Twente Graduate School, which has been recently 
established at the University of Twente. Our programme 
has been approved and has just started, which indicates 
the commitment of the University with the Services 
Science area. The University of Twente is renowned for 
promoting entrepreneurship among the graduates, which 
resulted in over 700 spin-off companies. The proposed 
graduate programme is expected to foster this success 
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story, by enabling the establishment of service-related 
spin-offs.  

During their training period, students of this 
programme will have the opportunity to contribute to in 
the research projects in which the groups participating in 
the Services Science programme are engaged, or they will 
work together with companies or other institutions either 
in traineeships or joint projects. 
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Appendix A: Courses summary  
 

Table 2. Surveyed programmes and their coverage 
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Michigan Tech.U. - 3 - 1 - 1 2 - - - 1 - - - 
Ohio State U. - 1 1 - - - - - - 2 1 - 1 - 
U. Carlo Cattaneo - 1 - 1 1 2 - - - - 2 - - - 
U. of Washington - 11 - 3 1 - - 1 - - 4 - - - 
Warwick - - 1 - - - - - - - - - - - 
EPFL - 3 - - 2 6 - - - - 2 - 1 - 
Karlsruhe Inst of Tech. 1 1 1 1 2 6 2 - - 1 - - - 1 
San Jose State U. - 2 1 - - 4 2 - - - - 1 - - 
Singapore Management U. - 1 - 1 4 4 - - 2 - - - - - 
Stevens Institute of Tech - 4 - 2 4 1 2 - - 1 2 1 - - 
U. of California Berkeley - - - 1 2 3 - - - 1 - - - - 
U. of Maryland - 1 - 1 2 - 2 - - - - 1 1 - 
U. of Trento - - - - 3 3 - - - - 1 - - 1 
Arizona State U. 2 - - - - - 4 1 - - 1 - 5 - 
Carnegie Mellon U. - 1 1 - -  1 - - - - 1 - - 
U. of Glasgow - - -  1 - - - - - 1 1 - - 
Bahçeşehir Üniversitesi 1 4 - - 1 1 5 - 1 - 1 1 - 2 
NC State U. 1 1 1 1 - - 3 - 1 - - 1 3 - 
Northern Illinois U. - 3 - - 1 - 4 - 2 - - - 2 - 
Rensselaer Poly. Institute 1 7 1 - 1 1 3 - 5 - - - - - 
RMIT 2 - - - - 1 2 1 - - 1 - - 5 
Tecnológico Monterrey - 1 - - - - 3 - - - - - - 1 
Geneva Business School 1 3 - - 1 - 2 - - - 1 1 1 - 
Helsinki Sch. of Eco. 1 7 1 - 5 - 4 - 1 1 3 3 1 - 
Masaryk U. 4 5 - - 11 7 2 - - 1 1 1 3 1 
Universidade do Porto - 3 2 1 5 2 3 - - - 2 1 1 - 
U. at Buffalo - 2 - 1 1 1 - - 1 1 - - 2 - 
U. of Exeter 2 3 - - 1 - 1 - - - 1 1 1 2 
U. of Pennsylvania 1 7 1 1 6 2 8 - 1 - 2 - 2 - 
University of Toronto - - - - - - - - - - - - - 1 
University of Bridgeport - - - - - - - - - - - - - 1 
University of Sydney - - - - - - - - - - - - - 1 
Karlstad University - - - - - - - - - - - - - 1 
University of Alberta - - - - - - - - - - - - - 1 
Wright State - - - - - - - - - - - - - 1 
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DEVELOPING A DEVELOPING A 
SERVICES SCIENCE GRADUATION PROGRAMME
AT THE UNIVERSITY OF TWENTE
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VIKRAM SORATHIA, LUÍS FERREIRA PIRES AND FONS WIJNHOVEN

Need for services science education programme

Outline

Need for services science education programme

Survey: Classification and coverage analysis of existing curricula

Our proposal

Outlook and conclusion
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Shifting Trends 

Services sector is fastest growing industrial sector

major source of employment (for the working population)major source of employment (for the working population)

major source of revenue (for corporates and governments)

Contributions from research developments in different disciplines

computer science: information systems, software engineering, 
databases, knowledge engineering

business administration: business modeling, change management, 
marketing, financial engineering

3IEEE TEE: 6-9 April 2010 Dublin, Ireland

Needs and relevance

Need for research and education programme that bridges between 
these disciplinesthese disciplines

transfer of knowledge from one to another discipline

creation of new (interdisciplinary) knowledge

establishment of unified theory

Social relevance of education in this area

trained service professionals for the services industry

knowledge sharing and knowledge transfer
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Some Responses to Shifting Trends 

Research and Academia:

UvA: Amsterdam Academic Centre for Service Innovation AMSIUvA: Amsterdam Academic Centre for Service Innovation - AMSI

VU: Service Science and Innovation – SSI

U. Tilburg: European Research Institute in Service Science - ERISS

U. Singapore, IBM: Service Science, Management and Engineering - SSME

Policy

Netherlands Services Innovation Roadmap

Germany - Funded Innovation with Servicey

EU - Networked European Software and Services Initiative - NESSI

US – America COMPETES Act

5IEEE TEE: 6-9 April 2010 Dublin, Ireland

Our Response

University of Twente should meet demand by offering own programUniversity of Twente should meet demand by offering own program

1. Systematic survey of existing services science curricula:

Data collection and processing

Classification and coverage analysis

2. Develop new curriculum based on

Outcome of analysisy

Resource availability

Existing academic requirements
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Data Collection

Programme Selection CriteriaProgramme Selection Criteria

Programmes listed in SSME Portals

Programmes reported in research papers, books

Certificate, undergraduate and graduate level programs

Courses Selection Criteria

Courses taught

Excluding research, project or any other specific requirements

7IEEE TEE: 6-9 April 2010 Dublin, Ireland

g p j y p q

Outcome [Not claiming completeness]
35 Programmes

386 Courses

Classification Strategy

Possible strategies to classify coursesPossible strategies to classify courses

Based on various service activities to be carried out by service 
professionals

Based on theories/techniques/strategies employed

Based on academic disciplines

We selected “Service Activity” based classification

Service activities can be positioned in a service life cycle

8IEEE TEE: 6-9 April 2010 Dublin, Ireland
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A generic service life-cycle

9IEEE TEE: 6-9 April 2010 Dublin, Ireland

Surveyed programmes and their coverage
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Services Science Courses

Some noteworthy courses

Service System Dynamics and DesignService System Dynamics and Design

Analysis and Design of Web based Services

Service Oriented Process Reengineering

Service Design and Delivery

Information and Services Economy

Capability Improvement for Service Organizations

Services Quality y

Services Consulting

Commercialization Strategies for Services,

Project Management and Service Lifecycle

11IEEE TEE: 6-9 April 2010 Dublin, Ireland

Our Proposal (1)

ConstraintsConstraints
Limited Staff

Education System

Opportunities
Existing Programs

Computer Science (CS) with Information Systems and Software p ( ) y
Engineering track

Business Information Technology (BIT)

Research Orientation

12IEEE TEE: 6-9 April 2010 Dublin, Ireland
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Our Proposal (2) 

Use elective space in existing programs to define a services scienceUse elective space in existing programs to define a services science 
‘profile’

comply with CS & BIT requirements → obtain master degree

service science foundation/specialization → master permits access 
to service science PhD

Benefits: no increase in workload, no additional resources, quick 
implementation

Potential drawback: limited coverage → gradual improvement by 
future program modifications

‘T-shaped’ profile: general knowledge of multi-disciplinary aspects, 
deep knowledge in chosen (sub-)disciplines

Masters phase of the Services Science programme

14IEEE TEE: 6-9 April 2010 Dublin, Ireland
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PhD phase of the Services Science programme

15IEEE TEE: 6-9 April 2010 Dublin, Ireland

PhD phase of the Services Science programme
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Twente Graduate School

HH
S

17IEEE TEE: 6-9 April 2010 Dublin, Ireland

Outlook

Our plansOur plans
To achieve complete coverage of service life-cycle with identification of 
new courses

To initiate research projects in Services Science

To establish strong network with industry and government 

To initiate regular events attracting international community

To support new service-based spinoffs from graduate

18IEEE TEE: 6-9 April 2010 Dublin, Ireland
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Conclusions

As a response to shifting trends towards service-led economy weAs a response to shifting trends towards service-led economy, we 
recognized the need to transform existing curriculum 

We carried out systematic review to analyze similar response from 
academia to discover best practices 

We proposed our plan to introduce new curriculum that can co-exist 
with existing curricula 

We identified steps for gradually incorporating new courses and 
ti ti iti
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supporting activities

The proposal has recently been approved and can start per 
September 2010!

Authorized licensed use limited to: UNIVERSITEIT TWENTE. Downloaded on July 27,2010 at 12:56:24 UTC from IEEE Xplore.  Restrictions apply. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSansMM
    /AdobeSerifMM
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGOldFace-Outline
    /AharoniBold
    /Algerian
    /Americana
    /Americana-ExtraBold
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BakerSignet
    /BankGothicBT-Medium
    /Barmeno-Bold
    /Barmeno-ExtraBold
    /Barmeno-Medium
    /Barmeno-Regular
    /Baskerville
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Bellevue
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /BellGothicStd-Light
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BiffoMT
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /Blackoak
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Carta
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastellarMT
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /CMB10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /CMBX10
    /CMBX12
    /CMBX5
    /CMBX6
    /CMBX7
    /CMBX8
    /CMBX9
    /CMBXSL10
    /CMBXTI10
    /CMCSC10
    /CMCSC8
    /CMCSC9
    /CMDUNH10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /CMFF10
    /CMFI10
    /CMFIB8
    /CMINCH
    /CMITT10
    /CMMI10
    /CMMI12
    /CMMI5
    /CMMI6
    /CMMI7
    /CMMI8
    /CMMI9
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /CMR10
    /CMR12
    /CMR17
    /CMR5
    /CMR6
    /CMR7
    /CMR8
    /CMR9
    /CMSL10
    /CMSL12
    /CMSL8
    /CMSL9
    /CMSLTT10
    /CMSS10
    /CMSS12
    /CMSS17
    /CMSS8
    /CMSS9
    /CMSSBX10
    /CMSSDC10
    /CMSSI10
    /CMSSI12
    /CMSSI17
    /CMSSI8
    /CMSSI9
    /CMSSQ8
    /CMSSQI8
    /CMSY10
    /CMSY5
    /CMSY6
    /CMSY7
    /CMSY8
    /CMSY9
    /CMTCSC10
    /CMTEX10
    /CMTEX8
    /CMTEX9
    /CMTI10
    /CMTI12
    /CMTI7
    /CMTI8
    /CMTI9
    /CMTT10
    /CMTT12
    /CMTT8
    /CMTT9
    /CMU10
    /CMVTT10
    /ColonnaMT
    /Colossalis-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CourierX-Bold
    /CourierX-BoldOblique
    /CourierX-Oblique
    /CourierX-Regular
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EUEX10
    /EUEX7
    /EUEX8
    /EUEX9
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EuroSig
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /Formata-Italic
    /Formata-Medium
    /Formata-MediumItalic
    /Formata-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /Futura-Light
    /Futura-LightOblique
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Gothic-Thirteen
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GoudyTextMT-LombardicCapitals
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Fraction
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Imago-ExtraBold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /Ironwood
    /ItcEras-Medium
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /JoannaMT
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kaufmann
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KozGoProVI-Medium
    /KozMinProVI-Regular
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithos-Black
    /Lithos-Regular
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /Mesquite
    /Mezz-Black
    /Mezz-Regular
    /MICR
    /MicrosoftSansSerif
    /MingLiU
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /MyriadPro-Black
    /MyriadPro-BlackIt
    /MyriadPro-Bold
    /MyriadPro-BoldIt
    /MyriadPro-It
    /MyriadPro-Light
    /MyriadPro-LightIt
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /Myriad-Roman
    /Narkisim
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewMilleniumSchlbk-BoldItalicSH
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusSanL-Bold
    /NimbusSanL-BoldCond
    /NimbusSanL-BoldCondItal
    /NimbusSanL-BoldItal
    /NimbusSanL-Regu
    /NimbusSanL-ReguCond
    /NimbusSanL-ReguCondItal
    /NimbusSanL-ReguItal
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-BoldExtendedItalic
    /Nueva-Italic
    /Nueva-Roman
    /NuptialScript
    /OCRA
    /OCRA-Alternate
    /OCRAExtended
    /OCRB
    /OCRB-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /PapyrusPlain
    /Papyrus-Regular
    /Parchment-Regular
    /Parisian
    /ParkAvenue
    /Penumbra-SemiboldFlare
    /Penumbra-SemiboldSans
    /Penumbra-SemiboldSerif
    /PepitaMT
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /Poetica-SuppOrnaments
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PrestigeElite
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /RunicMT-Condensed
    /Sanvito-Light
    /Sanvito-Roman
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Serpentine-BoldOblique
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SimHei
    /SimSun
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Tci1
    /Tci1Bold
    /Tci1BoldItalic
    /Tci1Italic
    /Tci2
    /Tci2Bold
    /Tci2BoldItalic
    /Tci2Italic
    /Tci3
    /Tci3Bold
    /Tci3BoldItalic
    /Tci3Italic
    /Tci4
    /Tci4Bold
    /Tci4BoldItalic
    /Tci4Italic
    /TechnicalItalic
    /TechnicalPlain
    /Tekton
    /Tekton-Bold
    /TektonMM
    /Tempo-HeavyCondensed
    /Tempo-HeavyCondensedItalic
    /TempusSansITC
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Times-RomanSC
    /Trajan-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /URWBookmanL-DemiBold
    /URWBookmanL-DemiBoldItal
    /URWBookmanL-Ligh
    /URWBookmanL-LighItal
    /URWChanceryL-MediItal
    /URWGothicL-Book
    /URWGothicL-BookObli
    /URWGothicL-Demi
    /URWGothicL-DemiObli
    /URWPalladioL-Bold
    /URWPalladioL-BoldItal
    /URWPalladioL-Ital
    /URWPalladioL-Roma
    /USPSBarCode
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Viva-BoldExtraExtended
    /Vivaldii
    /Viva-LightCondensed
    /Viva-Regular
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Willow
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


