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Abstract 
New systems can be created by assembling a set of 

elementary services provided by various stakeholders 
in a service composition. Service composition is not a 
trivial endeavor and several composition methods 
exist. Yet, these methods are hardly adopted by the 
field, as they need a set of well-defined and well- 
described services and are not able to deal with 
incomplete information and unambiguous descriptions.  
Furthermore, these methods are not able to deal with 
situations in which stakeholders have different 
requirements and need to negotiate with each other 
about the selection and performance of services. 

In this paper we present a service composition 
method and evaluate this method using a quasi-
experimental design. The method is aimed at dealing 
with a set of heterogeneous services provided by 
stakeholders with different and sometimes even 
opposing requirements. We found that our composition 
method helps to create an overview of services and 
their attributes and enables better communication 
between stakeholders. A recommendation for further 
research is to integrate semantic and multi-actor 
composition methods. 

 
1. Introduction 

 
Organizations are more and more forced to 

collaborate with each other, share information and 
reuse functionality to reduce cost. This duplication of 
efforts is founded in the highly fragmented and 
unrelated applications in which each organization has 
developed applications independently of other 
organizations. Many of these applications overlap in 
functionality and content and are in fact �isolated 
islands of information and/or functionality� [1].  

At present, there is a trend towards creating new 
systems by composing them out of single web 
services, known as web services compositions or 
compositions for short [2]. Web services are self-
contained, self-describing, software modules that can 

be published, and remotely invoked and in this way 
reused [3]. A composition combines a set of web 
services following a certain composition pattern to 
achieve a certain objective [4]. Such compositions are 
synthesized by the reuse of elementary web services. 
New systems can be created by reusing existing 
software components and in this way avoiding a large 
duplication of efforts. Yet the benefits of reusing 
information and functionality have not been attained, 
as service composition is a difficult endeavor [5]. 

 Many governmental organizations have already 
developed software that can be accessed as web 
services. By invoking these web services the 
functionality can be reused or information can be 
accessed. There are varying motives for choosing the 
modularization strategy. Sharing services can provide 
efficiency gains, access to services that are otherwise 
out-of-reach given the limited resources, and can also 
fasten the development process [6]. Furthermore, 
several services provided by multiple government 
agencies, in this way acting as service providers, need 
to be combined, e.g. composed, to create a new 
service. An example of a simple composition is the 
online checking of a car by a police officer on the 
street using a mobile device. The composite service 
consists of the five elementary services: 1) checking 
the license plate and owner information at the RDW 
(the Dutch road traffic department), 2) checking if the 
taxes have been paid at the Inland Revenue Service, 3) 
checking if all fines have been paid in the police 
databases 4) validating the name and address 
information of the driver in a municipal database, each 
municipality has its own database containing 
information about citizens within their geographical 
boundaries, and 5) merging the results of the four 
previously mentioned web services on a single page. 

The creation of a composition within a public 
service network can easily be viewed as a simple and 
straightforward process, but in fact is a very complex 
endeavor [5]. What might be viewed as a process of 
selecting component can easily result in the need to 
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develop new components, struggles about the 
interpretation of functionality and performance and 
finally result in expensive and time-consuming 
implementation projects. Existing composition 
methods assume the presence of a set of interoperable 
services, which is often not a realistic assumption [7]. 
Further, Liang, Huang and Chuang found that there 
were no publications that take into account the 
constraints of non-functional service properties [2] and 
Feenstra, Janssen and Wagenaar [5] found that 
constrains  and problems originating from multiple 
stakeholders situations are ignored. The use of existing 
services can complicate the reuse process, as the 
modules are not determined using a conscious design 
process and the effectiveness of a �modularization� is 
dependent upon the criteria used in dividing the system 
into modules [8]. As a result, existing composition 
methods are not adopted by the field. 

The goal of this paper is to evaluate the merits and 
disadvantage of the multi-actor composition method 
derived in previous research [9] in comparison to other 
methods. In the following section we discuss the 
theoretical background followed by our research 
approach. In section four the composition method is 
presented and subsequently evaluated in section five. 
Finally, we discuss the results and draw conclusions. 
 
2. Background 

 
2.1. Public service networks 

 
Public organizations have to collaborate in 

networks to benefit from each other�s resources. The 
need for cooperation and sense of urgency in these 
networks will become stronger as society expects 
better performance [10]. These public networks consist 
of many organizations who can act autonomously. 
Designing a service composition in a network of 
agencies involves addressing many challenges outside 
the control of a single agency [11]. Such 
organizational networks can be viewed as complex 
systems consisting of a large number of independent 
entities that seek to accomplish their own goals, but 
operate according to some rules and norms in the 
context of relationship with the other entities. An 
organization can be viewed as �a set of multiple, goals-
shifting political coalitions� [12]. The actors have 
mostly different interests and are dependent of each 
other. Due to these dependencies no single actor can 
solve the problem autonomously. Further, none of the 
actors can impose a particular solution on the others. In 
public networks, the creation of solutions depends on 
mutual agreement and understanding [10]. The 
creation of solution has to take into account 

contradictory goals and interests. This is an important 
starting point in public sector engineering projects, as 
no actor can tell others what to do or what to think. 
Consequently it is important that all actors involved 
are able to express their own point of view and no 
solution is chosen in advance. 

The decision makers involved in designing 
compositions face a difficult task because of the large 
set of alternatives and the difficulty to estimate the 
effects of a composition design on all parts of the 
organization. Human decision making capacity is 
limited, persons can only deal with a limited set of 
details [13], in this case a limited set of alternative 
compositions. The limits to human information 
handling capacity introduce a non rational element to 
the decision making. This element grows larger if the 
decision makers are overwhelmed with detailed 
information regarding. The limits to human rationality 
are often described using the term bounded rationality 
[13]. 

Often no single �best solution� exists. Public 
networks are characterized by interdependence 
between actors, differences between actors that 
interfere with cooperation, and reticence of actors that 
don�t see their interests met by choosing a particular 
solution and dynamics regarding the group of actors 
involved in the decision making process [14]. As a 
result, the problem addressed cannot be seen as a �hard 
science� multidimensional optimization process that 
can be solved using mathematic algorithms. One 
stakeholder might favor efficiency over service levels, 
whereas another stakeholder might have opposing 
preferences still the solution should satisfy both 
stakeholders. It is impossible to derive a formal 
specification of the preferences of each actor in every 
situation, as these might not be necessarily based on 
rational reasons.  

The actors in the network will need to cooperate to 
a certain extent in order to realize a solution that at the 
same time helps realizing common goal and pays 
sufficient attention to their specific interests. The 
decision making process is effective only if it leads to 
commonly supported decisions [15]. The realization 
and success of compositions in a multi-actor 
environment strongly depends on the participation of 
the players involved. Collaboration is complicated as 
different stakeholders will be used to different names 
and terms (syntax and semantics) to describe services. 
This all results in the need for a design process of 
service composition in which stakeholders actively 
participate. Consequently, the design process that leads 
to a service composition should result in a commonly 
accepted decision. 
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2.2. Existing service composition methods 
 
Service composition methods are dominated by 

rational approaches in which a system consist of parts. 
Functional decomposition is a common approach 
found in systems theory [16]. The idea is that a system 
can be decomposed into parts, each part can be 
implemented and in turn integrated. Functional 
decomposition refers broadly to the process of 
resolving a functional relationship into its constituent 
parts in such a way that the original function can be 
reconstructed (i.e., recomposed) from those parts by 
composition. This assumes that an analysis is made 
first and then the functional components are 
determined. In the situation of designing a composition 
many organizations already have developed services 
and there is no greenfield situation. Instead a 
compositions needs to be created from services that 
might not be designed for that purpose. 

 Several evaluations of the compositions approaches 
can be found in literature [2, 5, 7, 17]. Milanovic and 
Malek [7] and Beek [17] compare composition 
approaches. Milanovic and Malek using the following 
criteria 1. Service connectivity, 2. Non-functional 
properties, 3. Composition correctness, 4. Automatic 
composition, and 5. Composition scalability.  Beek et 
al. [17] extended the set of criteria used by Milanovic 
and Malek by adding 6) exception handling and 
compensations and by including 7) tool support. The 
composition approaches are inspired by the idea that 
there is a repository that includes a set of well-defined 
and standardized services that can be used to create a 
new system. They found that all composition 
approaches offer connectivity. Without connectivity if 
would be impossible to integrate a set of services. 
Connectivity is an absolute minimal requirement for a 
composition approach. Yet, modifications that might 
be needed to create interoperability are not part of 
these methods. They rather assume that a set of 
interoperable services exists. This is not a realistic 
starting point as in public networks services are often 
not developed for the purpose of reuse and are not 
interoperable.  

Already existing services can complicate the reuse 
process, as the modules are not determined using a 
conscious design process. In addition composition 
methods expect a well-defined and interoperable set of 
services as input [7]. Often services are developed 
without having reuse in mind. According to Parnas [8] 
the effectiveness of a �modularization� is dependent 
upon the criteria used in dividing the system into 
modules.  

Milanovi and Malek [7] and Beek [17] found that 
most composition approaches neglect specification of 

non-functional properties. Only OWL-S lets users 
define non-functional properties, but that capability 
has yet to be fully specified [7]. Liang, Huang and 
Chuang found that there were no publications that take 
into account the constraints of non-functional service 
properties [2]. These kinds of properties include cost, 
security, dependability, response time, reliability and 
scalability. In decision-making concerning the 
selection of services these non-functional properties 
have a large influence. A typical concern of 
stakeholders has to do with a trade-off in non-
functional requirements and as such it is essential that 
they are addressed. 

The analysis and selection of services for Web 
services composition is, in general, much more 
complex than the analysis and selection of parts for 
product design because selection criteria are difficult 
to define and composition components are diverse [2]. 
Different stakeholders might have different selection 
criteria and look at other types of characteristics. 
Components can be small or large grained, might be 
configurable and interfaces might be completely 
different. In conclusion, there is a need for a 
composition method that is able to deal with a variety 
of stakeholders having different interests while 
providing all kind of elementary services that need to 
be combined in a service composition. In the following 
subsection we will derive requirements on such a 
method. 

 
2.3. Requirements on a service composition 
method for public networks 

 
Existing composition methods assume that all 

services are well-defined and that there are 
unambiguous selection requirements and that there is a 
clear, undisputed goal regarding the performance. In 
fact, these approaches can be better denoted using the 
term representational formalism than using the term 
composition approach [5]. The existing methods lack 
some crucial aspects which are essential for the 
successful creation of service compositions in public 
networks. Based on the confrontation of current 
service composition methods and the characteristics of 
public networks, the following problems and 
requirements on a service composition method for 
public networks can be derived:  
1. Dealing with incomplete information. 

Stakeholders are not able to provide, or might 
even not want to provide, an overview of all their 
services in advance. Some information might be 
available whereas other information might be 
omitted; 

2. Demand-driven: Current composition methods use 
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existing services and in this way take the supply as 
a starting point. Not the problem but the solution 
is central in these methods. Instead, the need to 
solve a certain problem should be the starting 
point and the service composition solution should 
solve this need; 

3. Dealing with non-existing services: Some services 
exist, others are under development or the 
development has been planned for. Furthermore, 
management might wonder which services need to 
be developed in the future. Existing methods 
cannot support the planning process; 

4. Including non-functional requirements: Most 
compositions methods neglect non-functional 
requirements and only some methods use quality 
metrics [2]. In many cases no hard data about 
quality metrics are available. This tacit knowledge 
need to be mobilized; 

5. Considering various stakeholder views: There 
might be different stakeholder requirements and 
different stakeholders might prefer different 
solutions. For example, one party might focus on 
the cost, whereas others might be more interested 
in reliability. There is a need for negotiation and 
supporting the trade-off during a service 
composition process.  

6. Dealing with ambiguous interpretation: 
Requirements, functionality and performance 
might be interpreted differently by stakeholders. 
Therefore the creation of a shared view is crucial. 
For example, identity management might be 
interpreted as a service used for acquiring basic 
data about persons or as a facility that can support 
authentication. Both interpretations might be 
correct, but might also be incorrect in a specific 
case. Various actors might give different 
interpretations to the functionality description. 

 
These requirements will serve as a starting point for 
the development of the composition method described 
in this paper. In the following section we will discuss 
the research approach to develop and test a 
composition method that is better equipped to deal 
with the specific aspects characterizing public 
networks. 

 
3. Research design: quasi-experiment 

 
A composition method is necessary to overcome the 

identified hurdles. In design research, a method is 
often developed by elicitating a number of 
requirements that can help to overcome the problems 
that resulted in the need for the method. Next, the 
method is evaluated using the requirements and the 

ability to overcome the problems. A method is thus 
usually evaluated using the requirements posed on a 
method. Instead of only evaluating the method based 
on the requirements, we opted for quasi-
experimentation in which our method is evaluated for 
the ability to solve the identified problem and at the 
same time compared with another composition method 
and its ability to deal with the problems. This approach 
has the advantage that more insight into the potential 
and limitations of this design method can be gained. A 
quasi-experiment is a study in which interventions, in 
our case two compositions methods, are deliberately 
introduced to observe their effects, by non-randomly 
assigning the units [18]. To assess the impact of the 
newly designed multi-actor composition method, 
different methods are used to solve exactly the same 
case. In this way the conditions remain the same and 
the difference in outcomes are contributed to the 
different composition methods.  

A workshop approach was chosen because it 
enables the comparison of different composition 
approaches within a controlled environment and did 
not require long term efforts from busy professionals. 
During the workshops, the participants designed 
compositions for several given scenarios within a 
relatively short time. In total, there were 21 
participants during a 4-hour workshop. All participants 
were experienced in the field and were able to compare 
our composition method with their own practices. 

Each of the scenarios used to evaluate the method 
consisted of an objective, a description of the 
composition that has to be realized, an overview of the 
available services and an overview of the actor specific 
demands. The scenario and roles were derived from a 
real-life example to ensure that the scenario resembled 
real life as close as possible. The scenario dealt with 
the construction of a new service in which a variety of 
stakeholders had to cooperate and make use of each 
other�s services. 

The workshop resembled the real situation closely, 
as multiple parties (actors) having various objectives 
had to design one composition. This means that they 
had to search for possible solutions, negotiated on the 
use of certain services, and the development of new 
services. The workshop required only a short amount 
of time and offered the possibility to vary both the 
composition method used and the available ICT 
support (the software) for the method. 

Figure 1 depicts the structure of the quasi-
experiment. Two types of workshops were held, using 
exactly the same scenario as input to ensure that the 
methods are evaluated using the same circumstances. 
In one workshop the participants could use their own 
method as used by their organizations. We label their 
own method as best practice method, as they are using 
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the methods used by their own organization which is a 
based on aspects like their organizational standards 
and past experiences. In the other workshop the 
composition method presented in the following section 
was used by the participants. Comparison of these 
methods is possible as both have public networks as a 
starting point. We did not choose to compare our 
method with existing composition methods, as they are 
based on other starting points which do not match the 
scenarios which are derived from practice. 

Figure 1: The composition evaluation 
approach 

 
At the end of both workshops, the opinions of the 

participants regarding the method and the provided 
support were asked. For this purpose, a survey was 
developed, based on the problems and requirements 
discussed in section two, aimed at evaluating the main 
characteristics of our composition method. The results 
of the survey were analyzed using SPSS. Next to the 
quantitative comparison of the method, the behavior of 
the workshop participants was observed and interviews 
were held. This resulted in a qualitative evaluation of 
the strengths and weaknesses of the best practice and 
multi-actor method. 

 
4. Multi-actor service composition method 

 
System development is often viewed as a highly 

complex process which is difficult to structure and has 
many interactions. In such situations a variety of 
different mental templates or cognitive filters can be 
used to influence managerial decision making [19]. 
Methods can be used to guide actions and decisions. 
The aim of this composition method is to improve the 
development process. This should help to simplify 
complicated composition processes and provide 
knowledge at an appropriate level of abstraction for 
decision-makers. We opted for an approach consisting 
of steps and support for each of these steps, aimed at 
stimulating both the interactions among participants 
and the group processes. The basic idea is that in this 
way the majority of stakeholders are represented and 
tactical (expert) knowledge is mobilized. The main 
differences with existing composition methods are that 
we take the involvement of multiple actors in a public 
network as a starting point instead of a given set of 

services. Therefore the method is named Multi-Actor 
Service Composition method. The service composition 
method consists of a number of steps and support for 
these steps that will be briefly discussed in the 
following subsections, an extensive descriptions can be 
found in [5, 9]. 

 
4.1.  Service composition steps 

 
Our method is based on the idea that services are 

not well-described, and if they are described the 
description might be ambiguous. The need (demand) to 
solve a certain problem is the starting point instead of 
the supply of services. Therefore the involvement of 
stakeholders is necessary to 1) represent their goals 
and purposes and 2) to mobilize their knowledge. The 
system development process is viewed as an 
interactive process where many parties with different 
interests can negotiate on the outcomes. Nevertheless, 
this process needs to be guided. Burstein [20] used 
three main steps service discovery, engagement and 
enactment. Our efforts are concentrated on service 
discovery and engagement and not on enactment, as 
new services might need to be modified or developed 
before execution is possible. Our method is based on 
the requirements on the compositions as a starting 
point and therefore a requirement specification step is 
added. In addition, we wanted to have the evaluation 
of possible compositions as an explicit step, which 
might result in increasing understanding and the 
identification of new compositions. As a result, our 
method consists of five steps, depicted in Figure 2, that 
are always part of a service composition development 
process. These steps provide guidance at a high level 
of abstraction and could help decision-makers to deal 
with a conscious development process.  

The steps are interactive and there is no pre-defined 
sequence. The only condition is that all step need to be 
completed before a service composition is created. 

 
1. Requirements specification 
The first stage focuses on identifying and 
understanding the need for a new system or service. 
This stage starts with rough ideas concerning the 
desired functionality and finishes with a structured list 
of desired properties of the design.  
2. Description of existing services 
Stakeholders need to communicate with each other and 
discuss the use of possible services. For this purpose, a 
service register is created in collaboration with the 
stakeholders. Not all data need to be included in the 
register, as they might not be available. Moreover, 
services that are under development can be included. 
Decisions on the attributes that will be included in the 
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register have to be made. Probably someone is held 
responsible for the correctness of the descriptions. The 
maintaining of this service register can be a continuous 
effort. 

Requirements

Existing 
services

Evaluation Planning, 
Reporting

Stakeholder specific criteria

Set of service 
compositions

  
Figure 2: The five essential steps of the 
service composition process  
 
3. Design of sets of service compositions  
In this phase the participants discuss and negotiate 
possible service compositions. The compositions are 
designed and each stakeholder might design his or her 
own composition.  
4. Evaluation of the composition designs  
The designs created in the previous step need to be 
assessed. Evaluation can be used to select a single 
composition or a subset of compositions for 
implementation or for further investigation and 
refinement. Various evaluation methods can be 
supported and evaluations might be from various 
stakeholder perspectives. 
5. Planning and reporting 
During the last step the decisions that were made are 
listed including their motivation. Furthermore, a list of 
changes to existing services that are needed and/or a 
list of new (to be developed) services is made. 
 

A starting point of our method is that all actors are 
able to express their own point of view and no solution 
direction is chosen in advance. Consequently, these 
steps should stimulate dialogues among stakeholders 
and clarify the assumptions on underlying views of 
other stakeholders. In this way judgmental pitfalls and 
advocacy of ones own viewpoint without support by 
any facts or explicit mentioning of assumptions can be 
avoided. For example, the steps should help to make 
explicit that a participant assumes that a service is 
reliable while there is no information to support this. 
This might result in the need for more research or the 
creation of a set of shared starting points that are 
plausible. The focus of the method is on exploiting 
rather than eliminating each others� viewpoints. Schein 
[21] argues that experiencing and acknowledging 
differences of interpretations is a critical step for 
further inquiry of underlying assumptions. These rules 
of the composition design process will be 
communicated in advance. 

The steps described above need to be taken, but our 
method is not aimed at prescribing the sequence of 
steps or iterations. Our starting point is the knowledge 
in the organization that needs to be used in the process 
and consequently stakeholder interaction and exchange 
of knowledge to come up with better and more feasible 
service compositions is key. In the next subsection we 
describe the support for these steps.  

 
4.2. Service composition support 

 
The service composition steps indicate the essential 

steps that need to be taken. A prototype was developed 
that support each of these steps. The central idea of the 
support for these steps is the use of the service 
portfolios concept, analogous to the concept of 
application portfolios [e.g. 22]. The service portfolio is 
intended to support decision makers involved in a 
service composition process. The prototype consists of 
the following elements. 
1. A centralized database containing all existing 

services described using codified service data. 
This database contains both functional and non-
functional properties of services. Stakeholders can 
add properties and in this way include their own 
evaluation criteria. For example, if a stakeholder 
thinks it is necessary, the stakeholder can add 
reliability as a non-functional property. 

2. The database includes current services and 
services that will come available in short time and 
identifies services that need to be developed in 
order to support new developments; 

3. The service portfolio describes the desired 
composite service that needs to be developed. In 
this say not only the supply of elementary services 
is described, but also the needs and requirements 
on the new services from the various stakeholders� 
perspectives is included. 
 

The service portfolio can be extended during the 
service composition process and stakeholders can 
express their own view on the desired composition.  

Various commenting, sorting and ranking methods 
were included, as actors might favor their own way of 
evaluation or might have different standards for 
evaluation. Aspects like costs, reliability, continuity, 
availability, reliability and performance of services 
might be decisive factors and should be included in the 
evaluation of compositions. Instead of taking a 
predefined set of metrics as a starting point, support 
was created for participants to add their own 
performance evaluation criteria. 

The tool that was developed for supporting the 
service composition provides support during the five 
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steps discussed in the previous subsection. Each 
stakeholder can add services, provide functional and 
non-functional descriptions for the services. The 
ability to select services and create a new composition 
and the function to evaluate the resulting compositions 
based on metrics like cost, reliability, etc. Often 
information will not be complete and the tool will only 
show what is known. Next, the participants can add 
their own expectations about the performance of 
services or use this to discuss the assumptions with 
others. In this way the tool is aimed at facilitating the 
steps and at supporting the identification of differences 
between starting points and objectives among 
stakeholders. In addition they can discuss their own 
preferred service compositions with each other. In this 
way it supports the creation of a dialogue among 
stakeholders, which should ultimately help to identify 
service compositions that are acceptable to all 
stakeholders. 

 
5. Results of comparing the methods 

 

The quasi-experimentation was evaluated by 
comparing the service composition method as 
currently used by the participants, labeled as �best 
practice method� and the method proposed in this 
paper. We describe the quantitative and qualitative 
results in the following subsections. 

 
5.1.  Quantitative results 

Our composition method relies heavily on group 
interactions and supporting the interactions among the 
stakeholders and the overcoming of the problems 
mentioned in section 2. In this light, the questions 
shown in table 1 were formulated to perform the 
quantitative evaluation. The scores of the best practice 
method and our method were compared using a paired 
t-test to determine if our methods was significantly 
better than the best practice method. The column 
named �sig.� indicates if there is a significant 
difference in the scores between these methods. In 
total, 10 of the 18 questions show significant 
differences in favor of our method (given a 95% level 
of confidence). Three questions were even 
significantly different given a 99% confidence interval.  

 
Table 1: Quantitative comparison of composition methods 

N=21
Related questions: Avg. Std. Avg. Std. Sig. Z score

1 The support of functional requirements 4,95 1,60 4,76 1,64  -0,595
2 Managing a personal list of requirements 2,90 1,67 4,57 2,01 ** -2,812
3 Making a requirements inventory with a group of involved parties 4,05 1,66 5,24 1,30 * -2,115
4 Support for requirement negotiation 3,90 1,18 4,81 1,86 * -2,156
5 Functional attributes are supported during evaluation 3,81 1,54 4,57 1,69  -1,867
6 Non-functional attributes are supported during evaluation 3,05 1,60 4,19 2,32 * -2,246
7 The composition method supports a set of evaluation methods 3,14 1,49 3,76 2,32  -1,179
8 The evaluation method supports attributes beyond functional fit 3,38 1,60 4,90 1,67 * -2,258
9 Costs, reliability and speed are evaluated 4,67 1,28 5,57 1,25 * -2,406

10 The composition method supports the creation of a shared view 4,29 1,85 5,24 1,55 * -2,088
11 The shared view provides insight into the requirements 4,05 1,69 4,52 1,86  -1,100
12 The shared view provides insight into the services available 4,24 1,55 4,67 1,88  -0,915
13 The shared view enables communication between stakeholders 4,00 1,92 5,19 1,47 * -2,242
14 The service register also contains new services in short time 2,90 2,10 2,81 2,29  -0,248
15 It is possible to add new services to the register 2,90 2,21 2,62 2,11  -0,402
16 The register contains non-functional attributes of services 2,24 1,51 4,38 2,38 ** -3,074
17 The register provides evaluations of services by users 2,52 1,75 3,86 2,24 ** -2,629
18 The register provides functionality to add/edit service attributes 3,52 2,18 3,05 2,13  -0,984

Legend: ** = p<0,01; * = p<0,05

Best Practice Multi Actor

 
The participants were especially positive by the 

ability to manage personal requirements, to add and 
evaluate non-functional properties and to evaluate 
compositions. These aspects are related to the 
involvement of different stakeholders who might have 
different preferences. By including non-functional 
requirements, they were able to evaluate the effect on 
metrics like cost, quality, reliability, scalability and so 

on. They were able to add the type of performance 
indicators they preferred.  

The evaluation shows that the participants found 
that the ability to add their own perspective was a 
benefit. They were able to make a set of requirements 
on the composition from their own point of view and 
share this with the other participants in the workshop. 
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In this way support for requirement negotiation was 
created.  

Also the adding of non-functional requirements was 
viewed as benefit of the composition method over the 
methods they used in their daily practice. In this way 
the cost, reliability of resulting composition and 
response time of a service can be evaluated. Response 
time was viewed as an important factor, as the 
subsequent invocation of web services causes overhead 
resulting in longer response time for the composition. 

Further, the participants considered they way in 
which a shared view was created as better. The method 
and supporting tool show the services used in the 
compositions, the performance assumption underlying 
each of the services and this makes the desires of 
participants explicit. In this way the various 
stakeholder views were made visible to the 
participants.  

Not surprisingly, the participants did not find that 
the method supported better functional requirements 
and the evaluation of functional requirements, as in 
their own practice the functions are also taking as a 
starting point. The participants indicated that the use of 
multiple evaluation methods was not viewed as a 
benefit of the supporting tool. In their own practices 
they were used to use various evaluation methods. 
Surprisingly the question results indicated that the 
shared view provided no more insight in the 
requirements and services available. The motivation of 
the participants was that an overview of services was 
always a necessary condition and that in one way or 
another a requirement would be discussed in the 
process. Also the ability to add services that are not 
developed yet was not considered as a difference with 
their own practice. They argued that they often 
discussed the development of new services, as the set 
of existing services is hardly never been able to create 
the desired new system or at least needs to be 
modified. 

 
5.2. Qualitative results 

 Table 2 contains the strengths and weaknesses of 
the methods derived from observations and the 
comments made by the participants during the session 
and interviews. These qualitative results confirm the 
outcomes of the quantitative evaluation presented in 

table 1. The participants liked that the problem was 
taken as a starting point and that there were various 
ways to compare and discuss composition. Although 
the focus of the composition method is on dialogue 
and understanding each other interests and 
assumptions and avoiding judgmental pitfalls and 
advocacy of their own viewpoint, they felt that this 
cannot be avoided. They indicated that several times 
they felt that people were defending their position and 
judging others instead of looking for new solutions. 
They indicated that the role of the facilitator is crucial, 
as the facilitator should intervene in such situations 
and ensure that the rules of the game in the workshop 
are not violated.  

Additional comments are related to the fact that the 
participants were familiar with the method used in 
their organizations, whereas they had no experience 
with the multi-actor composition method. The idea of 
bringing stakeholders together requires that they 
should be available at the same time, which was 
viewed as a weakness. The scheduling of such a 
session needs to be planned a long time in advance, as 
most stakeholders have a very busy schedule. 

Our composition method does not generate a single 
outcome that is optimal in a certain way. It is aimed at 
supporting the creation of various service compositions 
and evaluating them. In this way trade-offs are made 
transparent and understandable to others. The 
participants indicated that his was also a weakness, as 
it is sometimes hard to understand which outcome 
would be the best. 

Both the current methods and the multi-actor 
composition method are able to deal well with a set of 
services that are not interoperable and need to be 
modified to create a composition. The participants 
indicate that the reliance on experts was a strength but 
also a weakness at the same time. After understanding 
that formal methods can be used to prove the 
correctness, automatically generate result and so on, 
they would prefer such elements included in the 
method. In short, they would like to have the best of 
both worlds. As the starting points of the composition 
method and our multi-actor method are different, it 
might be difficult to combine both worlds and this 
needs further research. 
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Table 2: Qualitative comparison of composition methods 
 Best practice method Multi-actor Composition method 

Strengths 

• Proven method in other situations (for example based 
on RUP, well known to the system developers) 

• Participants are familiar with the method in other 
situations 

• Not formal and easy to work around certain aspect 
• Focus on creating working products 
• No detection of infeasible combinations of services 
 

• Takes the problem as a starting point and each 
stakeholder can define their own requirements and 
evaluation criteria for the compositions 

• Enables comparison of multiple alternatives 
• Facilitates comparisons in a group of actors and 

makes requirements and desires on the composition 
explicit 

• Focuses on dependencies among services and 
feasibility of compositions 

• Enables the use of non-functional (QoS) data 
regarding services 

• Process followed is easy to understand to non-
technical people (�this service register is comparable 
to a shopping site where people compare different 
articles and make recommendations�) 

• Is able to deal with incomplete requirements  

W
eaknesses 

• Method is not designed to work with a service 
register, no focus on reuse of available services 

• Not easy to follow by outsiders and non-IT experts 
• No guidelines for the descriptions of services  
• Dominated by technical considerations 
• No one is responsible for the data collected on 

services 
• The quality and correctness of data is not checked or 

discussed 
• Differences in skills of actors are clearly reflected in 

the process 
• Results and steps are not clearly defined in case 

services are composed 
• Much effort is needed to reach agreement among 

multiple stakeholders, as there is no overview 
• Lack of support for evaluation of multiple designs 
• No detection of infeasible combinations of services 

• No executable result, no formal correctness checks, 
instead reliance of stakeholder judgment 

• No guaranteed outcome. Further, provides no single 
outcome and participants are sometimes left puzzled, 
there are many alterative having their own strengths 
and weaknesses 

• Demands involvement and time of all stakeholders 
• Depends on facilitator to keep to the rules of the 

game. The starting point of the method that the focus 
of the method is on exploiting rather than eliminating 
each others viewpoints might not hold during a 
workshop. Instead of having an open discussion, the 
focus might shift on defending and attacking each 
other viewpoints 

 
6. Conclusions 

 
Service composition might be viewed as a 

relatively straightforward process, but might be more 
complicated in reality. In this paper we bridged the 
gap between the creation of service compositions in 
pubic networks and existing service compositions 
methods. A multi-actor composition method was 
developed which is characterized by incomplete 
information, demand-driven approach, dealing with 
non-existing services, including non-functional 
requirements and the ability to deal with various 
stakeholder views. This resulted in a method which 
puts dialogue and conversational forms to the centre 
rather than optimization logic. The method is aimed 
at encouraging participants to think about the 
assumptions underlying their decisions and creating a 
shared view. In this way deeper inquiry into possible 
service compositions was created.  

The method was evaluated using quasi-
experimentation both quantitatively and qualitatively. 
This evaluation shows that the participants found that 
the ability to add their own perspective, manage their 
personal requirements, the inclusion of non-
functional properties, the way compositions are 
evaluated are viewed as the main strengths. 
Furthermore, the participants liked that the problem 
was taken as a starting point and that various ways to 
compare and discuses compositions were provided. 
The evaluation showed that the focus on dialogues 
instead of judgment was sometimes difficult and 
depends on the skills of the facilitator. 

The composition approach presented in this paper 
was primarily aimed at dealing with many 
stakeholders and on supporting group-wise learning, 
whereas other methods have relied on formal 
semantics. A logical next step would be to combine 
both approaches. The accomplishment of this 
combination is not easy as they might be conflicting 
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in some sense, but might ultimately result in a more 
powerful composition approach. 

The evaluations show that ways of handling the 
detection of infeasible combinations of services has 
not been given attention. Methods might generate 
combinations of services that are not feasible and 
therefore useless. We recommend that composition 
methods should include systematic analysis of the 
dependencies among services in compositions to 
ensure the generation of feasible combinations. 
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