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Abstract 

Currently supportive information systems for higher 
education and research are responding to specific in-
formation needs within institutes, departments and 
administration. These separated systems are mainly 
based on information and service portals or e-learning 
environments and have typically independently grown 
over the years. Information systems in the field of high-
er education mostly support undergraduate students as 
well as graduate students during their studies.  

Apart from this there is no real support for special 
needs doctoral students demand for during their re-
search work. An information system in the field of doc-
toral research should allow for collaborative work and 
should support different kinds of processes doctoral 
students participate in. Our approach is to develop an 
integrated information system for collaborative re-
search and doctoral education based on a Service Ori-
ented Architecture (SOA).  

1. Introduction 

Several initiatives on national and European level 
have been started in order to support and improve edu-
cation at schools and universities as well as vocational 
education. On European level, the intention to build-up 
a European higher education area is based on the so-
called Bologna-Declaration [10]. The implementation 
of this declaration is called Bologna process. The pur-
pose of this process is to create a European Higher 
Education Area by harmonizing academic degree stan-
dards and quality assurance standards throughout 
Europe. This includes also the doctoral education.  

Most doctoral students do not have the possibility to 
spend their whole working time for their doctoral stud-
ies. In fact, many doctoral students have to use a part 
of their working time for other tasks, which are often 

not directly related to their own research (e.g., teaching 
or research assistance). This extends the duration of 
the doctoral studies without improving the chances on 
the labor market [2].  

Although comprehensive initiatives and programs 
exist at organizational level, there is still a substantial 
lack of IT-based systems for supporting the process of 
collaborative research and doctoral education.  

2. State of the Art 

Within the field of research and higher education 
the system landscape is very widespread, especially 
due to the organizational structure of universities and 
other research or educational institutions. Having a 
look at a university and its single departments in gen-
eral, we can find a lot of different information systems 
that have been developed independently over the years 
for the same or specific purposes. Due to this there 
typically neither does exist any compatibility nor do 
exist any capable interfaces between such systems.  

In the area of IT support for education there are 
general approaches of service-oriented environments 
like XLX [8], LearnServe [8], and ISETTA [7], but 
they are mainly targeted at learning support for educa-
tion of undergraduate/graduate students. There is a 
lack in specific environments for the use of IT to sup-
port doctoral students.  

Today many universities1 make huge efforts in inte-
grating their information systems within one single 
university portal and offering access to existing ser-
vices as well as to modern high-level services for the 
support of undergraduate students during their studies. 
One outstanding approach of an overall integration is 
done by the University of Karlsruhe [9] that is realized 

                                                           
1 In Germany, e.g., the Technical University of Munich, the 

RWTH Aachen, the University of Hamburg, and the FU Berlin. 



by a Service Oriented Architecture. Basic functional-
ities of diverse legacy systems on different platforms 
have been encapsulated by Web Services which are 
then orchestrated to high-level services.  

Our challenge is to do a further step towards the 
support of graduate students by offering special ser-
vices they need during their doctoral studies and re-
search activities by considering all aspects of education 
and research as processes. By this, doctoral students 
and researchers may be able to use mandatory process 
models provided by the university (e.g., models for 
doctoral qualification regulations or administrative 
processes), to model individual processes (e.g., per-
sonal task plans) and to assign other persons for the 
purpose of collaborative work (e.g., for co-authorship 
or project membership).  

3. Requirements 

The tasks within doctoral studies comprise working at 
the doctoral thesis, preparing publications and partici-
pating in conferences, teaching and supervising, coop-
erating in other projects, other scientific or organiza-
tional tasks (e.g., care for libraries and equipment, 
work in scientific boards or conference committees, 
teaching assistance) etc. In order to increase producti-
vity and to allow for working faster and more concen-
trated on the doctoral thesis in spite of such workload, 
a specific IT-based support for doctoral students is 
necessary. We have identified a set of basic functional-
ities to be integrated in an information system for col-
laborative research and doctoral education to support 
graduate students. Looking at doctoral studies from a 
process oriented point of view the relevant processes 
are generally defined by different kinds of regulations, 
rules or guidelines issued by the university. Several 
mandatory tasks and restrictions must be fulfilled by a 
doctoral student depending on the roles that are as-
signed to him (e.g., as a student, a researcher or an em-
ployee).  

On the highest level the process of doctoral studies 
is defined by a doctoral qualification regulation. Such 
regulations generally specify the amount and the kind 
of work that has to be done by a doctoral student in a 
defined period of time, e.g., teaching, research activi-
ties, publication of results, project participation or final 
doctoral examination. Furthermore, each task is associ-
ated to various administrative tasks, such as a travel 
application or an application for leave, which may also 
be defined by several rules and restrictions.  

For the support of collaborative work an informa-
tion system has to represent a shared workspace for in-
formation and data exchange as well as for cooperation 

and communication between doctoral students and 
other researchers. Some general scenarios are plan-
ning, management and realization of projects, collabo-
rative research, co-authoring, team reviewing, docu-
ment sharing, etc. Concerning this a doctoral student in 
charge of a sub-process (e.g., a main author of a co-
authorship or a project leader) has to be able to assign 
other actors to certain tasks (e.g., the assignment of 
colleagues to an internal review process). To each ac-
tor participating in a process various services are of-
fered concerning monitoring, controlling and reporting 
the whole process or single tasks, like an alerting func-
tion to meet a deadline.  

In fact, the realization of all these requirements sup-
ports doctoral students, by 

• Shortening of the duration of doctoral studies. 
• Improvement of the communication amongst doc-

toral students and their communication with other 
experts. 

• Support for collaborative problem solving. 
• Collaborative quality assurance (e.g., integration 

of external assessors into the supervision of doc-
toral students). 

• Integration of digital libraries, context-dependent 
services, recommender systems for publications. 

The system presented in this paper concentrates on 
process support. By the use of a hierarchical process 
model, as described in Section 5 and the encapsulation 
of certain processes by tasks we are able to offer a set 
of value-added and reusable services which we intend 
to realize as Web Services.  

4. System Architecture 

The integration of existing information systems is 
an important aspect of information management. The 
most popular concepts are derived from the area of En-
terprise Application Integration (EAI) [4] and they are 
realized in common EAI frameworks. One of these 
concepts is the Service Oriented Architecture (SOA). 
The idea of SOA is to make functionalities of different 
systems available as services. These services may then 
be integrated in an EAI framework. A service itself, 
i.e., the service implementation and its interfaces, is 
described by the service contract. The service contract 
particularly assures that the interfaces for invocation 
are well-defined and consistent in cases of a change of 
the service implementation or the underlying system.  

In general, SOA is just a concept that does not rely 
on certain technologies, platforms or standards. A re-
sult of this fact is that many proprietary SOA imple-
mentations are proposed which do not satisfy special 



requirements for collaborative or inter-organizational 
scenarios [6]. These requirements basically refer to 
services that should be accessible across organiza-
tional, technological and infrastructural boundaries via 
the internet.  

Web Services are platform independent, accessible 
via internet and founded on commonly used and well-
established protocols and standards [1]. For this reason 
the use of Web Services has become an important is-
sue in the area of system integration and in the imple-
mentation of the SOA concept.  

Our approach complies with the concept of a SOA 
which is based on Web Services. It consists of four 
layers and is described from the bottom up as follows: 
The infrastructure layer covers hardware and network 
components as well as databases and host systems. The 
legacy systems and applications to be integrated as 
well as systems with own Web Service interfaces be-
long to the application layer. The integration layer con-
tains all Web Services that enable access to systems of 
the application layer. Within the process layer Web 
Services are orchestrated as high-level services by the 
use of XML Nets (see Section 5). As a result doctoral 
studies are considered as one single process on the 
highest level consisting of several sub-processes and 
tasks. The presentation and the user interaction is not 
an essential part of the architecture and can be inde-
pendently realized by a web application or a portal sys-
tem by either directly invoking Web Services of the in-
tegration layer or by accessing a Web Service as part 
of an orchestration of the process layer.  

5. Process Modeling with XML Nets 

Petri Nets [5] are a formal description language 
with a mathematical foundation. XML Nets [3] repre-

sent a variant of high-level Petri Nets. In XML Nets, 
places are typed by XML Schema diagrams, each of 
which represents an XML Schema. Places can thus be 
interpreted as containers for XML documents repre-
senting relevant process objects. The flow of XML 
documents is defined by the occurrences of transitions, 
i.e., the activities being executed. A transition may be 
inscribed by a logical expression of the variables that 
appear in the labels of the adjacent edges. The expres-
sion evaluates either to true or false for an instantiation 
of the variables. So-called filter schemas label the ad-
jacent edges and thereby describe the process objects 
that are relevant for the activity and the way these ob-
jects are manipulated (created, changed or deleted). An 
example of an XML Net is given in [3].  

6. Use Case Scenario 

A typical process during doctoral studies is the partici-
pation in a conference. On the one hand the participa-
tion can be active by submitting a paper and giving a 
presentation. On the other hand it can be passive by 
just joining the conference. Both kinds of participation 
offer the possibility for exchanging scientific ideas 
with other researchers. We have chosen the process 
“conference participation” as a use case scenario in or-
der to illustrate our approach. Figure 1 depicts this use 
case scenario in a simplified way as a Petri Net. In this 
scenario a doctoral student decides for an active par-
ticipation in a conference. Through this, a participation 
process is initiated, which can be seen as a process 
composed of several sub-processes. For example, a 
publication has to be prepared and submitted, a travel 
application has to be submitted, the organizational as-
pects of the participation (e.g., registration and pay-
ment) have to be organized, a presentation has to be 

 

Figure 1. Conference participation process. 



prepared, the travel has to be organized and, last but 
not least, the conference has to be attended. For rea-
sons of clarity, the sub-processes in Figure 1 are mod-
eled as aggregated transitions (drawn with thick lines). 
In the context of Petri Nets, aggregation means the re-
placement of a place- or transition-bordered sub-net by 
one single place or transition, respectively.  

Of course, our process models show an “ideal proc-
ess flow” (as the place “Paper accepted” shows). Nor-
mally, exception handling mechanisms have to be in-
tegrated into the process model in order to handle 
cases like loss of a co-author or rejection of a submit-
ted publication or travel application. Furthermore, our 
use case describes active conference participation. A 
passive participation may consist of the sub-processes 
“Submit travel application”, “Organize travel partici-
pation”, “Organize traveling”, and “Participate in 
conference”. The technical implementation of our ap-
proach can be realized, if we encapsulate each aggre-
gated transition as a Web Service (shown as a grey 
dashed box in Figure 1), whereby the places of the pre- 
and post-set of the transition act as interfaces for the 
communication between different services. Due to the 
fact that Web Services are based on XML technology, 
XML Nets are well-suited for modeling processes in 
general and the orchestration of Web Services in our 
approach. 

With this approach, we increase the reusability of 
the different sub-processes. Furthermore, our approach 
allows for an efficient modeling and execution of spe-
cific processes occurring during doctoral studies.  

Concerning collaborative research, the services de-
scribed in this use case scenario can be used by several 
doctoral students, e.g., when they prepare a joint pub-
lication. The adjustment efforts amongst the participat-
ing doctoral students can be regarded as the communi-
cation between the individual publication processes 
(encapsulated in Web Services). Further possible use 
cases may be, e.g., the organization of doctoral semi-
nars or the joint work on a scientific topic. 

7. Conclusion and Outlook 

In this paper we have shown that although several 
initiatives have been started for supporting education 
at schools and universities, especially across European 
countries, there is still a substantial lack of IT-based 
systems in this application field. Our approach is offer-
ing special services which are needed during doctoral 
studies and research activities by considering all rele-
vant aspects of education and research as being parts 
of processes. For collaborative research and doctoral 
education we have presented a new approach based on 

a Service Oriented Architecture which allows for a 
process oriented integration of information systems 
within a heterogeneous system infrastructure.  

As the globalization of education is increasing – on 
the one hand by means of the world-wide network of 
information and on the other hand by means of the in-
ternational competition of universities – the support of 
educators and students must be intensified. In this con-
text, our approach contributes to the requirements and 
aims addressed in Section 3. Our resulting system will 
be a basis for most fields of research and higher educa-
tion to build a comprehensive information and com-
munication infrastructure with high information, plan-
ning, and management potential.  
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