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ABSTRACT
Service Science, Management, and Engineering (SSME) is a
research area with significant relevance to research and practice.
Networked systems of web services are a field of service science
that enjoys growing interest from researchers. The complex and
dynamic environment of these service ecosystems poses new
requirements on quality management that are insufficiently
addressed by current approaches that focus mainly on the
technical aspects of quality. This focus is a severe limitation for
the development of service networks because it neglects
perceived service quality from the viewpoint of service
consumers. In this paper we propose a reference model for quality
management in service ecosystems. This reference model is
linked in particular to innovation and new service development.
Towards the end we propose premises for the implementation and
outline a future research agenda.
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1. INTRODUCTION
In our growing service-based society electronic and Internetbased services play an important role. This development is
acknowledged by academia, industry, and governments through
current efforts to establish the new multidisciplinary research
field Service Science, Management, and Engineering (SSME) [7,
9, 15, 21, 25].
Two of the main research objectives of Service Science are to
“improve service productivity and quality” [14] as well as to
broaden our understanding of service innovation [7].
Current research on service quality for networked services
focuses mainly on functionality, availability, and performance
(e.g., [6, 18, 29]). This is a severe limitation for the development
of service networks because this approach neglects perceived
service quality from the viewpoint of service consumers. Systems
that narrowly reduce service quality to technical criteria cannot
provide the information necessary for consumer-focused service
quality management. However, due to the compositionality of
services and sub-services unique requirements are created for
service quality management in service networks. This demands an
integrated view of quality management in service ecosystems that
extends the dominating technical view with the view of the
service consumer.
Therefore, an integrated quality management reference model has
been developed to integrate the technical as well as the business
aspects of quality management.
This research works towards the development and validation of a
service quality reference model. While the actual model has been
published previously [23] and will be briefly summarised below,
we argue in this paper that quality management, more precisely
the data collected during quality management, plays an important
part in service innovation and can be even used to drive
innovation. Thus, linking the two main themes in service science:
quality and innovation.

The paper applies conceptual-analytical research methods in order
to illustrate how this reference model can be used to derive
requirements for the implementation and support of service
quality management. These requirements are presented in the
form of premises that should be considered when embarking on
the task of implementing a service ecosystem. In addition to these
implementation premises, potential research directions for the
future study of service ecosystems are offered at the end of this
paper. The research agendas offer potential avenues for
researchers to explore new aspects of SSME.
The paper is structured as follows. In the next section, we
contextualise our research by introducing the notion of service
ecosystems. In Section 3 we propose four layers of quality
management. Section 4 extends the layer model and presents a
complete reference model for quality management in service
ecosystems. Then, in Section 5, we explain a set of four feedback
loops that link the activities of the reference model together and
shows their relationship with innovation. Finally, in Section 6 we
propose derived requirements for the implementation of a service
ecosystem platform along with key research agendas that we see
in the emerging field of service ecosystems. Section 7 concludes
the paper.

2. SERVICE ECOSYSTEMS
Web services have become extremely popular in recent years and
the success of Web service-centred business models such as
Amazon.com demonstrate the real commercial success of these
models. Building on their wide spread use new composite services
are created that span across business boundaries in order to
implement end-to-end business processes. This phenomenon of a
large collection of Web services has been described as a Service
Ecosystem [1, 2, 23, 24, 27]. In service ecosystems the idea of
interconnected services is taken even further by putting
constraints on the service delivery on a business level. A network
of services ranging from core services such as payment
processing, authorisation and monitoring services to specialpurpose services can be used to launch other, new services in a
mash-up fashion [1]. Thus, interconnected software-as-a-service
networks form a service ecosystem. In these networks service
providers could augment their services by distribution and
delivery functions made available to them by the ecosystem
(Figure 1). For example, such an ecosystem could provide
payment and customer relationship management functionality that
can be used by other providers to extend their own services.
Furthermore, this allows them to concentrate on their core
competencies and launch new services quickly due to the
functionality already in place.
Though others do not use the name service ecosystem similar
phenomena are researched in other areas, for example under the
name of service value networks [8, 22, 24, 30].

Figure 1. Top-level architecture of a Web service ecosystem
(source: adapted from [1]).
Service ecosystems are characterised by their multitude of actors
who engage in them and the various roles that these actors play
[1]. First, there are service consumers who purchase and use the
services offered. Service brokers generate value by bringing
service consumers closer to service providers or offering service
delivery through intermediaries that provider service delivery
functions such as payment. Service mediators offer translation
and mapping services, on a technical level, and thus allow brokers
to concentrate on their core competencies [1]. Service providers,
on the other hand, concentrate on offering their respective service
in the best and most economic way without being distracted by
the actual service delivery. A special type of service providers are
the specialist intermediaries who do not offer services targeted at
end-users but rather offer service delivery components that are
used by other providers to create marketable services. Finally,
there is the role of a platform provider that supplies the overall
platform on which other providers, users, brokers, and mediators
operate (e.g., salesforce.com and strikeiron.com).
This interconnected constellation leads to a separation of service
provisioning and service delivery. The provider of a service may
no be responsible for the actual service delivery to a service
consumer. This is especially the case when other
providers/brokers start recombining and repurposing services.
Thus, a service provider is no longer in control of the actual
delivery of its service which might be delivered to new customers,
through different channels, in completely new composite services
which would consequently lead to new, and potentially very
different quality requirements to its own service.
Quality management in service ecosystems has to address this
dynamic and interconnected nature by first, collecting quality
relevant information from the system and service consumers and
second by allowing services to address quality problems
dynamically and to dynamically adapt to changes.

3. QUALITY MANAGEMENT
To address the broad topic of quality management [23] proposes
to do so on four layers which have been identified during a
literature review. The layers are Perceived Quality Measurement,
Service Level Management, Fault Management, and Dynamic
Service Provisioning (Figure 2).

Figure 2. Quality management on four layers (source: [23]).
The first layer is Perceived Quality Measurement which is
concerned with the measurement and evaluation of subjective
quality judgments as they are perceived by service consumers.
These subjective quality measurements could be performed using
multi-item scales in the fashion of SERVQUAL [19, 20, 28].
The second layer is Service Level Management (SLM). SLM tries
to improve the quality of service delivery through a cycle of
agreeing, monitoring, and improving of a service [10]. However,
SLM focuses on rather technical aspects of quality as they are
captured in service descriptions which aim at objectively
measurable metrics which can be used in service contracts.
Hence, it is accompanied by a layer to measure the perceived
quality of a service on top of it. Thus, metrics for SLM can be
derived which result in better perceived quality on the preceding
layer.

Figure 3. Quality management reference model for service
ecosystems (source: adapted from [23]).

5. INTEGRATED FEEDBACK LOOPS
The activities performed within the quality management
framework proposed above generate quality related information
that other functions of the framework rely on. This information
has to be made available in different forms ranging from
individual, detailed measurements in real-time (e.g., status of a
hard disc drive) to aggregated, overall measures that are collected
over a longer period of time (consumer ratings of a service).
Thus, the four layers of quality management are linked through
feedback loops that form a cascading system (Figure 4).

The third layer is Fault Management. It addresses quality
management by fixing glitches in service delivery (through
Incident Management) and resolving known problems (through
Problem Management) [11].
On the last layer Dynamic Service Provisioning is concerned with
the dynamic and on-demand aspects of service ecosystems. It
addresses service composition and sub-service selection, as well
as dynamic resource allocation [3, 12, 29]. The aim of Dynamic
Service Provisioning is to select the best services available where
best may also mean “up-and-running” as Web services may be
removed, modified or relocated and thus become unavailable at
any time and without prior notice [4].

4. QUALITY MANAGEMENT
REFERENCE MODEL
As argued by [23] quality management requires an integrated
view and cannot be decomposed in separate components. Hence,
the authors developed a reference model for quality management
in service ecosystems that can be used to guide the
implementation of a quality management system for service
ecosystems. The reference model is shown in Figure 3.
The core features of this reference model is that it offers an
integrated view on quality management which covers all quality
management functions from the four layers presented in the
previous section. Moreover, it is aligned to the service life cycle
and supports a recursive service model that allows application to a
hierarchy of sub-services. The reference model is embedded in
the reference design “house” as suggested by [16].
For a detailed description of the activities performed within each
of the functions, please refer to [23].

Figure 4. Integrated feedback loops for Web services: from
dynamic service composition to incremental and radical
service innovations (source: based on [23]).
The innermost circle is a fully automated loop of dynamic service
composition. Here, sub-services are chosen based on (a) the given
sub-service composition, (b) predefined quality metrics, and (c)
the set of available, up-and-running services. This dynamic subservice selection is fully transparent to the consumer and does not
alter the service requested by the consumer. It is solely based on
pre-defined quality metrics. Thus, the components used to deliver
a service may change in order to improve its quality but the
resulting end product stays the same.
The next layer is concerned with service changes and the subservice composition that is to be executed on the dynamic
composition layer. This feedback cycle is predominantly
governed by a central change management process. This change
management aggregates change requests from Fault Management
and Service Level Management in order to create a coherent
process for all changes that affect a service. This cycle is not fully
automated like the dynamic composition on the previous layer.
The service may change through incremental improvements based

on the data collected during actual service provisioning. However,
these improvements are purely focused on the service delivery
and do not alter the resulting service product.
Then, the next layer focuses on redesigning the service and the
underlying service concept. This is based on the holistic feedback
collected through Perceived Quality Measurement. The re-design
may involve changes to the overall service concept, that is, the
organisation’s business proposition and the service levels.
Changes in the service concept will generally be visible to service
consumers and should lead to higher perceived quality. The
service concept is improved to achieve higher perceived quality.
The last layer goes beyond the previous three in that it extends the
focus to include not only changes to the service concept but also
business model changes, product line extensions as well as
complete new service developments. The quality related feedback
gathered which is more abundant that what is usually available for
non-electronic services is used for general innovation activities
and new service development.
While the first three layers can be classified as forms of process
innovation (“changes in the ways in which [services] are created
and delivered”, [5], p.66) the last layer can be classified as
product innovation (“changes in the things (product/services)
which an organisation offers”, [5], p.66).

6. DESIGN OF SERVICE ECOSYSTEMS
The design of business models and processes in Services Science
and especially around service ecosystems is only at the beginning.
However, by implementing a service ecosystem and the quality
management reference model in particular also several challenges
arise. Through the application of the reference model in an
exploratory case study in public administration several
requirements for the actual implementation of such a quality
management system have been derived [23]. In the following
sections we want to propose premises for the design of service
ecosystems based on the reference model presented above and the
requirements encountered during application within the case
study. With these design premises we hope to guide the
implementation of a quality management and innovation system
in service ecosystems. Along with the premises for
implementation we propose several open questions for a research
agenda that can guide future research to develop understanding of
some core aspects of service ecosystems.
The following sections are structured along the four layers of
quality management introduced in Section 3 as well as a section
on innovation aspects introduced in Section 5 on integrated
feedback loops. Implementation premises (P) and questions for a
research agenda (RA) are offered in each.

6.1 Perceived Quality Measurement
Value creation is always judged at the front-end where the user
interacts with a service. In service ecosystems services interact in
various ways, however, the value proposition is only made at the
very end of the value chain to the consumer. Every service
provider has to keep that in mind and make sure that providing
adequate quality is honoured by the customer. Hence, service
providers have to focus on perceived quality rather than just
keeping an eye on Service Level Agreements which would be
focused at the “next in line” service partner. In order to support
perceived quality measurement it is necessary to put in place a

front-end quality measurement where the consumer can rate how
she perceived the quality of a service. However, in networked
services this is not a trivial task and several core functions have to
be provided by the underlying platform in order to support this
function. First, the platform has to support an easy identification
of the final service product in which the service under
investigation is used. Second, the channel through which this
service is delivered has to be known and third, the consumer of
the final service product needs to be identified in order to collect
perceived quality measurements from that user (e.g., through the
use of a rating mechanism or comments). This leads us to the first
premise:
P1: The platform has to support the identification of the
final service product, the channel, and the service
consumer to which a service is delivered.
In order to make these user perception ratings useful for this
typically composite service some more steps are necessary. The
platform has to support the aggregation and disaggregation of the
perceived quality measurements in order to support improvements
of composite services as well as individual service components.
The framework presented in this paper and in [23] is a first step
towards solving these challenges but much more remains to be
researched. Thus, we propose the following research agenda
(RA).
RA1: How can perceived quality be measured in
composite services delivered over an open platform and
how can the resulting measurements be used to improve
both the composite as well as the individual services in a
user-centred fashion?
Another aspect is the measuring technique used. Highly
aggregated “thumbs-up/thumbs-down” evaluations or ratings that
let the consumer assign one to five stars are very popular yet
allow little differentiation. On the other hand, multi-item scales
like SERVQUAL would allow a much more detailed quality
evaluation but suffer user acceptance and would not be as easy to
implement as simpler methods.
RA2: What are adequate subjective quality measures for
the use in service ecosystems with regards to both user
acceptance and expressiveness?

6.2 Service Level Management
For services targeted at the general public SLAs with consumers
are usually not defined. However, in those cases the business
organisation can play the customer role and sign an agreement
with internal service provisioning on behalf of the anonymous
service consumer. In that way, objectively measurable quality
metrics are defined against which service provisioning can be
evaluated.
For services procured from external partners SLAs are required as
well. Due to the dynamic nature of service ecosystems subservices are selected on-demand and possibly used only several
times. Consequently manual SLA negotiation is not feasible and a
fully automatic method is necessary where sub-services can be
bound and released on a per-invocation basis. This is one of the
fundamental core requirements for a working service ecosystem.
P2: Support for a flexible and fully automated SLM that
allows signing SLAs at an on-demand basis and
monitoring such agreements.

Technical implementations of such systems have already received
widespread attention (e.g., [13]) but legal aspects of such a system
are until now not well understood.
RA3: What is a valid yet feasible legal framework for the
negotiation and monitoring of service level agreements in
service ecosystems to govern multi-party service
provisioning?
Selecting a service composition and negotiation agreements
between the parties involved is only the first step. Once such a
relationship has been established, the ongoing service
provisioning and quality measurement needs to be rendered. For
the provisioning of these multi-party services a governance
structure is required that establishes who has the interest,
authority, and resources to evaluate the quality of a composite
service.
RA4: What are appropriate governance structures for
multi-party services in service ecosystems that establishes
who has the interest, authority, and resources to evaluate
the quality of a composite service?

6.3 Fault Management
Since most of the services in service ecosystems are supposed to
be composed of several sub-services fault management plays a
crucial role. One key functionality that has to be offered by the
platform here is to allow a complete tracking and monitoring of
service execution of composite services. Without appropriate
tracking and monitoring it would not be possible to identify the
reason for the failure of a complex service execution that involves
several sub-services. Consequently, in addition to the overall
execution planning a detailed and real-time monitoring is
necessary.
P3: The platform needs tracking support for composite
service invocations that allows to pinpoint problems to
individual sub-services or components.
Once problems have been tracked down to the actual source (i.e.,
the exact sub-service that caused the failure of the invoking
overall service) appropriate measures have to be taken. In the best
case a functionally equivalent service is available that can be used
instead. However, if no such service is available other measures
have to be taken. For that purpose appropriate service recovery
strategies need to be defined that govern service failures. For
example, if a payment processing sub-service for a rarely used
credit card becomes unavailable the consumer facing option-list
of available payment methods could be updated automatically.
Thus, the service would have limited functionality (i.e., not
offering this particular credit card as payment method) but would
still be able to operate.
P4: Service recovery strategies need to be supported that
allow augmenting a composite service in real-time
according to actual sub-service availability.

6.4 Dynamic Service Provisioning
One of the key benefits of service ecosystems is that the
decomposition of a service into its sub-services is not static. The
decomposition is not made at design time of a service but only
during execution where the best available sub-service (according
to some sub-service selection model) is chosen. This dynamic
sub-service selection can even happen on a per-invocation basis
where subsequent invocations of the same service may use

completely different sub-services depending on their availability
and performance. This dynamic selection of services allows a
provider not only to keep the desired service levels due to the
selection of the best available sub-services. In some cases it may
even increase the quality of the overall service when new and
better sub-services become available and can be used instead.
Dynamic service provisioning is a crucial component for quality
management in service ecosystems.
P5: The platform has to support the dynamic discovery,
binding, and usage of sub-services.
In addition to discovering and binding services on-demand service
ecosystem platform should also offer the possibility of adapting
the criteria according to which sub-services are selected in a
dynamic fashion. Thus it would be possible to increase quality by
dynamically adopting the selection criteria based on faults that
occur or user perception. For example, if a specific service
composition using a certain payment processing sub-service
systematically receives inferior ratings than service compositions
that use a different payment sub-service the selection criteria
should be adapted dynamically to reflect this quality information.
P6: Platform support for dynamic adjustment of selection
criteria for sub-services to allow dynamic adaptation to
changing user perceptions.

6.5 Innovation
Based on the vast amount of quality related data gathered during
quality management much feedback is generated regarding the
operational quality of a service, the user perception of that
service, and even about different variations of the service (which
might occur due to dynamic sub-service selection and adaptation).
Moreover, the feedback contains usage information such as which
services are successful in the sense of high usage volume and
which are unsuccessful. Thus, in addition to user perceptions, user
demand can also be derived. This feedback can be used in the
early phases of the innovation process (idea generation and idea
evaluation [26]) to guide new service development. We want to
add to the catalogue of research questions for new service
development (NSD) proposed in [17] by looking in particular at
how quality related data can be used for that purpose and what
aspects of service ecosystems can offer new and innovative ways
for NSD.
Service ecosystems should provide a means for services to
become better the more people use them. More usage means more
information about successful service compositions, subjective
consumer evaluation, and other operational performance data.
Real time monitoring of consumer's behaviour should be used to
find out how new services or new features of existing services are
perceived by consumers to guide innovation.
RA5: How can quality data, especially perceived quality,
collected during quality management be used for service
process innovation?
In the area of service ecosystems this allows some interesting
innovation scenarios where the most successful service
compositions can directly be evaluated and extended.
Furthermore, the repository storing all services registered in the
ecosystem can be a source of tremendous innovation potential.
Service requests that could not be filled by the repository could be
used to identify possible service gaps that would be of interest to
others. Based on that indirect expression of consumer demand

new services can be developed. Services that are highly thought
(searched often and executed often) may indicate highly-critical
services which can be optimised or extended.

research challenges in bringing to life the vision of web-enabled
service ecosystems.

Further more, searches that do return a certain service in their
result set but this service is never executed, may indicate that
wrong keywords have been provided for the service and it is
actually irrelevant to the search request. In that case service
descriptions need to be adapted to make the service more
accurately discoverable. If a service is part of a search result but
the service is never used it may also mean that the service is too
expensive, is missing key features, or has other problems and that
a competitor’s service is used instead.
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RA6: How can general usage data be used for service
product innovation?
Since services in service ecosystems are likely to be highly
composite the process of designing new services is likely to
involve several actors. For example, an analysis of service usage
patterns might suggest which services are frequently used
together and might thus lend themselves to bundling and the
design of new, innovative composite services. However, this will
require that several actors of the service ecosystem come together
to analyse their service usage patterns.
RA7: How can actors collaborate to design new services
based on actual usage information and quality
measurement data?
In summary, much of the information highly thought after by
marketing in traditional industries can be gathered relatively
easily in service ecosystems. It can provide complete transparency
of what services are searched, which are actually used, by which
consumers they are used, what quality rating that usage resulted
in, which services are executed concurrently, and which services
are never found or never executed. The challenge and the
opportunity is to use that information effectively for new service
development.

7. CONCLUSION
The paper first introduced the concept of service ecosystems. It
then shows how this complex and dynamic environment poses
new requirements on quality management that are insufficiently
addressed by current approaches. A quality management
reference model is summarised that can be used to implement a
quality management system for service ecosystems.
The reference model illustrates what challenges are posed by the
complex and dynamic nature of service ecosystems. It also
illustrates opportunities for research and practice in the context of
service ecosystems, such as leveraging usage data for service
innovation. It illustrates in particular how quality-related data
gathered during monitoring can be used to support service
innovation and allows novel approaches to new service
development.
In the last part of the paper we propose directions for future
research and challenges for the actual technical implementation.
These premises for implementation and the research agenda
represent the views of the four authors and is in no way intended
to be final or comprehensive. Thus we hope it can stimulate
further research in the emerging field of service ecosystems – or
prompt constructive disagreement in a debate about the future
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