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CONTEXT-AWARE SERVICES IN COOPERATIVE VALUE CHAINS:
A KEY PLAYER-CENTRED APPROACH
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Abstract. The progress in context-aware systems is predominantly technology-driven, leading to innovations in technology-
savvy industries while having almost no impact on other industries, such as the insurance sector. In this paper we introduce a
novel, key player-oriented framework that explicitly takes into account the (business) value for each player being relevant when
implementing a particular context-aware service on the market. We illustrate the framework’s applicability by means of a case
study of a context-aware system that allows for monitoring high-value items for insurance purposes.
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1. Introduction. Advanced hardware miniaturisation, the continuous increase of capabilities for com-
munication, processing, and storage, as well as the proliferation of electronic devices are key drivers towards
context-aware computing applications. Although context-aware technologies are becoming more reliable and
cost efficient and, thus, businesses are exploring ways in which they can leverage them for novel services in order
to improve their market position [4], there is still no consensus on what they should be used for [21] and how
to realise the vision of the internet of things [17].

Innovation in the field of context-aware systems is mostly technology-oriented, in fact even technology-
driven [21]. Following this approach, the innovation potential has started to (slowly) emerge within traditional
manufacturing as well as in distribution and retail industries [9], but so far had no or just negligible impact
on other industries. As we will show in our case study from the insurance sector, the reason for the hampered
adoption of context-aware computing neither lies in the non-applicability of context-aware computing nor in the
lack of creativity to come up with new ideas. Rather, many industries are driven by business value considerations
instead of being predominantly pushed by technology. As a result, benefits expected from an investment in a
new business idea have to clearly exceed the anticipated risks. To this end, Fleisch and Tellkamp [8] proposed
a framework aiming at identifying value-creating applications in the ubiquitous computing domain, focusing
on the “challenges identifying value-creating applications both ex ante and ex post”. This framework later on
was extended by Strauss et al. [27], who introduced a decision support guide for the evaluation of the value of
an envisaged service that may be used by businesses to decide based on quantitative criteria whether or not
to invest in a project and offer a novel service. They also provided a case study on damage prevention, where
they analysed the function of several market players from different fields in offering a context-aware computing
solution. They show that each market player fulfils a crucial role in realising the particular service.

Such two-sided or multi-sided markets, in which two or more distinct user groups benefit from each other by
interacting on the market [18], can be found in several industries (e.g., health sector, telecommunications, gaming
industry, etc.). The market for credit card services, for instance, comprises cardholders, financial institutions,
merchants with a wide-spread network, and developers of credit card readers; all these market players make up
a market by cooperating and establishing mutual trust. Offering context-aware services also typically relies on
several market players, i.e., hardware suppliers who provide the technological infrastructure, service providers
who use this infrastructure to provide their services, and (end-)users consuming the service [2]. Since a service
cannot be realised in the absence of any of these stakeholders, benefits and risks of each key player have to be
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balanced such that the envisaged service can be realised.

Two alternative scenarios for market development have been observed in practice. The first one is driven by
a cooperative network [13] that is formed in five phases (i.e., initiation, forming, storming, norming, perform-
ing [28]) during which potential business partners get to know each other, build mutual trust, and set joint goals.
Then they jointly elaborate a business idea, for which each potential network partner individually evaluates
its own benefits, costs, and risks. In the second scenario, one entity (i.e., an organisation or an entrepreneur)
propels the business idea and strives to ‘sell’ it to other businesses that are required to operationalise the idea.
In this case, we assume that potential partners may be convinced more easily if expected benefits are evident.
This constitutes the starting point for our research: Given business-value as major driver as well as multi-sided
markets, the paper at hand proposes a novel procedural framework that uses a ‘key player-centred approach’
to identify valuable context-aware services.

The remainder of this work proceeds as follows: Firstly, we discuss existing approaches and related work
(Sect. 2). Next, we introduce our novel framework that puts the key players’ benefits into the centre (Sect. 3).
Then, we show the applicability of the framework by means of an exemplary case study, i.e., the context-aware
service for monitoring high-value items in the insurance industry. This case study demonstrates the framework’s
value in leveraging context-aware computing technologies to gain benefits for both insurance companies and
their customers (Sect. 4). The final section summarises the research contributions of our work (Sect. 5).

2. Related Work. In this section, we present selected research on evaluation and valuation; this section
is the foundation of and justification for the framework, which we present in Sect. 3.

In an attempt to add a perspective that differs from the (usual) orientation on technological issues,
Oulasvirta [21] postulated that any technology should be leveraged for the service on humanity and, there-
fore, research needs to be directed towards the technology’s relevance to people, the understanding of people
and their activities, and the empowerment of people themselves to address their needs for design goals. This
approach borrows from user-centered (product concept) design [16, 20], which is widely adopted in the field
of human-computer interaction (HCI). However, putting user needs into the loop is not sufficient to make a
business idea economically feasible.

Social computing [25] deals with embedding technology in a social context and emphasises that social
change, that has been caused by technology, has to be considered as well. Analogously, the value-sensitive
design approach by Friedman [10] places emphasis on the role of human values and morals in deciding what
features or characteristics of technology are relevant and are particularly worth of being further pursued in
system design (e.g., user autonomy). This approach, however, does not take economic feasibility into account.
Furseth, Cuthbertson, and Reynolds [11], in contrast, argue that service innovation is “driven by the value
created for the customer, where value may be defined in both economic and social terms”. While this point of
view imbeds the customer’s value, it still remains one-sided because this value does not automatically translate
into willingness to pay for a service (which may be particularly true in a “for free-economy” setting) or leads
to (other) revenues that may at least even out the costs. Therefore, the critical question remains how an entity
(e.g., a company) should be motivated to offer a service that does not promise a positive, direct or indirect,
value for the provider.

The framework by Fleisch and Tellkamp [8] addresses this issue by analysing the value for each participating
entity (with respect to both tangible and intangible benefits). As shown in Fig. 2.1, potential sources of value
can only yield benefits for the involved entities when several challenges, referring to the network, constraints,
implementation issues, and valuation, have been overcome. Analysing network effects is necessary in order to get
a clear(er) picture of the potential sources of value. Constraint challenges may inhibit that the entire project
can be realised. Implementation challenges refer to limited resources and knowledge in the implementation
phase or during actual use of the service. While network, constraint, and implementation challenges diminish
the value of a project or hinder its realisation, valuation challenges are problems of determining the tangible
benefits from a service either ex ante or ex post.

For their decision support framework, Strauss et al. [27] adopt the above concept, and enrich it further
with a scenario technique to allow a decision whether or not to invest in an innovation based on feasibility
and efficiency criteria. Although cost forecasts are no explicit part of their framework, they build the basis
for a (quantitative) assessment based on different prototypical scenarios. Their framework suggests to have a
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Fia. 2.1. A framework for identifying value-creating applications in ubiquitous computing [8]

much closer look at the costs and tangible benefits (by including pessimistic and optimistic estimates to provide
a spectrum in costs and relative values of tangible benefits) and to develop both aggressive and conservative
scenarios to be able to identify differences in customer-related drivers (e.g., number of sensors per site). Thus,
a more reliable basis for the decision on whether or not to invest in an innovative service can be established.

Pang et al. [22], finally, claim a ‘business-technology joint design’ intended to cross the gap between industrial
business practices and technology development. Both, technical and business challenges, have to be resolved
simultaneously to bring successful context-aware solutions into the market. They emphasise that value creation
on the business side is essential, and information and technical requirements have to build on and towards this
business value. Further, they argue that a value-centric approach is superior to a technology-centric one as
users will pay for values, not for technologies. In following such a value-centric approach, the value creation
should be related to the entire set of stakeholders of the envisaged service.

3. The Key Player-centred Framework. Developing a framework is an inherently iterative search and
design process that follows continuous cycles of generating and evaluating design alternatives. Accordingly,
we gradually improved the framework and used group reflection phases after each generation/evaluation cycle
to foster them towards the final coherent framework. For evaluation purposes we chose an ex post approach
(cf. the strategic evaluation framework of Pries-Heje et al. [23]). The work of Venable et al. [29] proved as a
useful guide in choosing an appropriate method. Out of the seven methods that support an ex post approach,
we finally opted for the case study approach, because it illustrates not only the benefits very clearly, but also
delivers a proof of concept. The case study will be presented in Sect. 4.

For an overview of the procedural framework see Fig. 3.1. It starts with a business idea for a context-aware
service in a given domain that recombines resources in a way that allows for pursuing a business opportunity [26].
Typically, this includes selling a product or a service, although alternative approaches exist as well (e.g., business
models that offer free services to users and are financed through advertising).

The next step is the identification of relevant key players, who have to commit to a project, such that the
idea can be realised. While some projects may be realised by only one key player, most business ideas including
context-awareness require the cooperation of several players (e.g., [3, 5]).

In a commercial setting, each of the key players has to get the opportunity to gain some (individual) value
from the envisaged service (otherwise, they would not contribute). The third step in the process is therefore
dedicated to identifying and determining the benefits for each key player. These benefits may be tangible
(e.g., profit, reduced employee turnover, reduced costs, etc.) or intangible (e.g., improved employee morale,
heightened customer loyalty, better vendor relationships, image improvement, etc.).

After having successfully determined benefits for each of the key players, scenarios for the envisaged service
need to be developed. For three reasons the development of scenarios has to be performed independently of any
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(possible) technical implementation: First, the scenarios should be defined by managers, while the technical
implementation possibilities will be identified by people with technical background (e.g., computer scientists,
engineers), who come into play at a later stage. Second, services envisioned may not be technically feasible in
a certain point in time, but later on they might. As a result, it will be easier to come back to the scenarios
later when it is described in an implementation-independent way, whereas any implementation-driven approach
would require to start over in elaborating the scenarios. Third, for context-aware services, context is the pivotal
element. Similar to the definition of functionality of the envisaged service, context should be defined as required
from the business perspective because, from a technological perspective, sourcing context can be performed
in various ways. For instance, Dobson [6] presents a non-exhaustive taxonomy of 18 different implementation
approaches to gather location context information, in many cases derived from other sources than from explicit
location-sensing hardware at all.

After the development of scenarios, technical implementations for the scenarios have to be identified. These
implementation alternatives should then be analysed for requirements and feasibility. This will include consider-
ing the pros and cons of the various implementation approaches. As technical experts are usually aware of what
is currently possible from a technical perspective, we expect that the two steps of identifying implementation
alternatives and evaluating them might coincide in most cases.

While engaging with technical issues, a second, parallel thread in the process takes again a business per-
spective. Based on the developed scenarios, it should be verified if the key players involved so far will be able
to cover all aspects described in the scenarios, or if additional players need to be considered to realise the new
service project. In the latter case, benefits need to be identified also for the newly identified key players.

After having successfully addressed both, the technical as well as the managerial thread, the process con-
tinues with the identification of required contributions and investments of each key player. Such contributions
and investments may be of various nature including process adaptation, distribution, marketing efforts, finan-
cial contribution, provision of space, legal advice, technology, or networks and so forth. Having identified the
required contributions, another analysis concerns the feasibility and prospective willingness of key players to
contribute as required. Finally, a cost-benefit analysis for the envisaged service has to be performed separately
for each key player involved.

As Fig. 3.1 indicates, there are several exit points throughout the process that allow to abandon the project,
either completely (e.g., if only insufficient benefits can be identified) or with the intent to resume the project
at a later point in time (e.g., if technologies have to be more advanced before a service can be realised in the
required way). Therefore, each exit point is at the same time a possible ”point of return” to reenter the project,
when, for instance, technology is more advanced, additional benefits have been generated for one of the key
players, etc.

4. A Case Study in the Insurance Sector for Monitoring High-Value Items. In the following, we
describe a case study from the insurance industry, in which a context-aware infrastructure is leveraged to gain
benefits for insurance companies, their customers, and other key players involved. The presented case is based
upon the premise of providing anxiety-relieving monitoring and risk services by being always connected, always
aware, and demonstrating pro-activity with the customer.

4.1. Business Idea: Wireless Monitoring of High-Value Items. The insurance industry is con-
fronted with an increasing number of theft incidents. A context-aware infrastructure could offer a solution to
minimise the issues of theft or damages particularly for high-valued insured items (e.g., paintings, sculptures,
furniture, jewellery, tapestries, antiques). Many of these valuable items are typically not placed in a high-security
location and may for this reason be targeted in a burglary. Besides the monetary value, the emotional value
of such items to the owner should not be underestimated. Therefore, customer loyalty may be substantially
increased, once a solution can be provided that improves the likelihood of recovering stolen items.

The principle business idea is to provide a context-aware service that allows for monitoring the current state
of high-value items, including tracking their location and environment conditions. In case of a critical event,
the item’s owner (i.e., the insured customer) as well as the insurance company are instantly notified, and stolen
items are automatically registered at dedicated institutions for art theft.
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4.2. Identification of Relevant Key Players and their Benefits. The primary stakeholders of the
envisioned context-aware service include the insurance company and the insurance customer (i.e., the owners).
Within the insurance company, the users of a system that processes data for this service will include the
insurance agent, insurance appraiser, and customer service representatives. Granting professional art historians
and dealers access to the system would further streamline the evaluation process of high-valued items. The

tangible and intangible benefits identified from the perspective of the insurance company are summarised in
Tab. 4.1.

TABLE 4.1
Benefits for insurance companies

Tangible Benefits Intangible Benefits
Reduction in Claims Expenses Increased Customer Loyalty
Reduction in Administrative Overhead Increased Brand Awareness
Reduction in Customer Visits Improved Customer Retention
Increase in Premium Revenues Improved Efficiency of Resources

Reduction in Theft Risk

Reduction in claims expenses would offer the most obvious tangible benefit for the insurance company
due to the higher probability of recovering stolen items and the minimisation of damages requiring substantial
repair and restoration expenses. Moreover, even the administration overhead for claims could be reduced by
automatically initiating the pre-filling of the claim with the required information, such as items missing, time
of day, location, insurance policy holder, or total projected claims value. Cost savings in administration may
be relatively low compared to the other expenses mentioned before; however, this feature would demonstrate
pro-activity to the customer, and thus may contribute to positioning the insurance company as a trustworthy
helper and problem solver.

Moreover, being the first insurance company to offer such a service, the corresponding first mover advantage
may yield an increase in overall premiums as a result of a potential rise in market share attested to growing
interest and demand of the innovative solution. Also, customer visits from insurance appraisers and other
professional art historians could be reduced when online communication capabilities are realised through the
micro-portal, i.e., a network and platform on which art dealers, appraisers, customers and agents can interact.
Furthermore, a potential network effect could arise through the instalment across the entire customer base,
which may contribute to a general decline in theft risk, which, again, may translate into lower premium needs
that may be passed on to the customers as an additional incentive.

The tangible and intangible benefits identified from the perspective of the insured customer are summarised
in Tab. 4.2. Overall, the envisaged service may contribute to resolving the insurance companies’ dilemma
between the customers’ expectation of strong commitment to safety and security of their high-valued items on
the one hand, and an increasing price-sensitivity on the other hand.

TABLE 4.2
Benefits for insured customers

Tangible Benefits Intangible Benefits
Reduction of Premiums High Safety and Security
Reduction in Administrative Efforts Increased Emotional Value
Reduced Damages Increased Recovery Probability of Stolen Items

Increased Improved Service Quality

4.3. Scenario and Functionality: Wireless Monitoring of High-Value Items. Based on the prin-
ciple business idea (cf. Sect. 4.1), a set of scenarios were elaborated and described in detail. Based on these
scenarios, various functions for a context-aware monitoring service provided by an insurance company were
derived and listed in Tab. 4.3. This list includes inventory management functionality that allows for adding and
deleting items and for updating item information. Further, information from all insured items at each location
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is aggregated and, thus, available for analysis purposes. Alert messages from a base station are constantly
monitored; in case of an alert, customers are automatically notified via short messaging (SMS), e-mail, and/or
through an insurance representative (e.g., broker, agent, or service representative), and the claims process is
automatically triggered. Stolen items are identified in real-time, and potential claim damages are immediately
assessed. Moreover, stolen items are automatically registered at two major web services for registering stolen
art: Interpol’s Recent Thefts Database [15] as well as at Art Loss Registry [1].

The probably most appealing functionality is the monitoring of items at any time via a web interface. This
feature is particularly important to monitor items in transit for additional protection and to track stolen items
to locate and recover them within a short timeframe. Environmental conditions may also be monitored which
allows for fast notification of potential damages and quick response in order to minimise the extent of such
damages. Optimal temperature and humidity conditions are essential, for instance, for paintings. Furthermore,
historical data on environmental conditions are collected to reveal new risks or long-term effects.

TABLE 4.3
Functions of the contexrt-aware monitoring service

Functions

Inventory management

Aggregation of information from all insured items

Monitoring of alert messages

Automatic notification of critical events to the customer
Real-time identification of stolen items

Real-time assessment of potential claim damages

Automatic registration of stolen items at Interpols Recent Thefts Database
Automatic registration of stolen items at the Art Loss Registry
Online tracking of items

Monitoring of items in transit

Historical data of environment conditions

Via a customer web portal (for functionalities cf. Tab 4.4), each customer has an up-to-date record on
the entire inventory of his or her insured items, which contains a description, photographs, and information
about the value of each item. An inventory management component enables to add and delete items and to
update information on insured items. This component further manages the insurance policy and the premium
payments. When new items are added, its documentation is automatically verified by notifying an insurance
appraiser or professional during the operation. Further, a customer can access information of insured items’
environmental conditions via the web portal at any time. Items in transit may be monitored to constantly be
informed of their locations. In addition, the portal provides a direct communication channel to an insurance
representative (i.e., agent, broker, customer service representative, etc.).

TABLE 4.4
Functions of the customer web portal

Functions

Presentation of the entire inventory of insured items

Online inventory management

Automated adding and documenting of the inventory
Automatic verification of the documentation of a new item
Presentation of environmental conditions

Monitoring of items in transit

Direct communication channel to an insurance representative

Overall, the envisioned context-aware service allows for identifying each individual insured item, providing
sensing information of environmental conditions, automating alert messaging, responding pro-actively to critical
events, and increasing recovery probability of stolen items.
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4.4. Technical Implementation and Feasibility Analysis. The envisaged context-aware system is
composed of sub-systems for data gathering, data communication, data analysis and monitoring, as well as
item tracking and recovery processes. The data gathering process is responsible for capturing environmental
conditions as well as security events. The latter may be the movement of an item or the vibration of a painting
that is being cut out of its frame. These events are captured by a central reader that filters the information and
forwards the data to the backend context-aware insurance system via the cellular network. Figure 4.1 provides
an overview of the technical architecture of the proposed context-aware service solution.
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F1a. 4.1. Technical architecture for the high-value items tracking solution

The individual tags are comprised of Class 3 semi-passive Radio Frequency Identification (RFID) tags with
integrated humidity, temperature, and vibration sensors including an embedded Global Positioning System
(GPS) and General Packet Radio Service (GPRS) communication module. Figure 4.2 summarises the proposed
component architecture of the tag. Class 3 semi-passive RFID tags were chosen over alternative tag types
due to their lower monetary costs (compared to active RFID tags), read/write capabilities, integrated sensors,
extended signal range, and built-in security. The tags exhibit additional benefits such as maximisation of the
life span of the power source due to the so-called ‘deep sleep’ mode as well as the backward compatibility to
standard passive tags [7]. The ‘deep sleep’ mode allows tags to use battery when signals are received from
the reader. When in ‘deep sleep’ mode, the tag reverts to the standard inductive method found in standard
passive tags. Through this capability, the tags could have an expected sensing lifespan of over five years with
transmission intervals of every 20 seconds and an unlimited identification lifespan.

The tags also include GPS with an integrated GPRS communication module to enable real-time tracking
during the event of a theft. Due to the high power requirements of GPS modules, they would remain in a non-
operational state until the RFID signal gets lost or vibrations are sensed; when this happens, it can be assumed
that the high-valued item is being stolen. If so, the GPS module switches into location and tracking mode and
GPRS communication is used to send the GPS coordinates to an online server which allows external companies,
such as insurance companies, to retrieve the tracking information via a standard web service interface. The high
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power consumption of the GPS and GPRS modules shortens the further lifespan of a tag to a few months. It is
assumed, however, that the time required to locate and retrieve a stolen item will be accomplished within this
time frame. Note, that we suggest to add temperature and humidity sensors in order to provide an additional
advisory service: tracking humidity and temperature conditions for an insured item enables an alert at the base
station once the measured values either exceed or fall below some predefined (acceptable) threshold values. This
service could prevent or at least minimise additional damage.

The proposed solution requires the installation of a base station, which incorporates an RFID reader,
software components, and a cellular communication module. Figure 4.3 provides an overview of the technical
components of the base station. The RFID reader aggregates information collected from the tagged items. The
software component manages the aggregation, filtering, and exchange of information. The event manager listens
to the sensor filter component and and alerts the context-aware insurance system, if temperature or humidity
either exceed or fall below some predefined threshold values or the vibration sensor has been triggered. Events
can also be timed-based in order for historical data, which can be stored in the on-board memory, to be sent to
the context-aware insurance system on a daily, weekly, or monthly basis. The connection is established through
the GPRS cellular network; a standard Internet Protocol (IP) connection is used for the communication between
the backend servers and the reader, which in essence is a traditional client-server connection.
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F1G. 4.3. Base station architecture

The data analysis and monitoring process is characterised by the exchange, storage, analysis, and presen-
tation of data. Due to the IP based connection between the base station and the backend system, an existing
middleware, workflow management, and database infrastructure for message passing, event triggering, and data
storage could be used. Both the insurance company and the customer can access the information through
various web-enabled devices such as mobile devices, tablets, and laptops.

Finally, a feasibility analysis has to be performed for this envisaged implementation in terms of technology
as well as in terms of limited resources.

4.5. Identification of Additional Key Players and their Benefits. In the course of describing the
envisioned context-aware service and its functionality in more detail, Interpol and the Art Loss Registry have
been identified as additional key players. Currently they run the Recent Thefts Database [15] and the Art Loss
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Registry [1] as web services that allow for registering stolen art and provide an opportunity for art dealers to
check whether an offered item has been reported stolen. If these two players would limit or close their services,
the benefits of the envisioned context-aware service would decrease. The benefits for these two players have
been summarised in Tab. 4.5.

TABLE 4.5
Benefits for Interpol and the Art Loss Registry

Tangible Benefits Intangible Benefits

Reduction in Administrative Overhead  Improved Efficiency of Resources
Increased Usage of their Databases Increased Quality of Service

Also, an online tracking provider is essential for the context-aware service; an appropriate candidate needs
to be found and integrated. Similar to Interpol and the Art Loss Registry, the online tracking provider would
benefit from the service through an increased demand of its specific services, which also may have a positive
impact on the image of this provider.

Another expansion could include police departments and/or a security company. This would allow for
an automatic notification of stolen items as well as for the exchange of information regarding the description
(including photographs) and the location, which may help to speed up the recovery of stolen items. Thus, the
success rate in the recovery of stolen items may increase.

Given that insurance products and related services may be complementary to existing products and/or
services, a partnership between an insurance company and system integrators or security providers could be
worth to be considered. The context-aware service would then only be a specific functionality offered with
an existing security system. Still, the monitoring information should be made available through the insurance
company in order to establish and maintain a constant communication channel between insurer and customer.
For the further analysis in this case study, however, we stick with the original idea that an insurance company
offers the context-aware service.

4.6. Identification of Required Contributions and Investments. After having gathered the pri-
mary functions and designed the technological architecture for the context-aware service, this section elicits
contributions and investments necessary for its realisation.

Insurance Company. The realisation of the technical architecture would require an initial investment
for the customised development of the underlying monitoring system, the base station software (assuming that
software based on these requirements does not exist), and the installation. For running the service, further fixed
as well as variable costs have to be added.

The initial development efforts for the backend system depends largely on the existing system infrastructure
of the participating insurance company. As existing systems within the insurance industry are heterogeneous,
fragmented, and complex, it is very likely that the participating insurance company would have to invest in a
new (service-oriented) system in order to allow for an exchange between the context-aware insurance system
and existing systems (such as customer relationship management, workflow management, or databases) with
limited subsequent maintenance requirements.

Alternatively, a solution in which the insurance company does not change its technical infrastructure to
a service-oriented structure could be feasible. However, it may become difficult to ensure the exchange of
information between the context-aware system and existing systems. In addition, customised development for
the integration of the new system would be required, which may exceed reasonable investment and may also
subsequently involve high maintenance efforts. Independent from the decision between going service-oriented
or maintaining the basic infrastructure as is, skilled staff has to be available for the development of the base
station and the backend system. Whether realised with in-house capacities of the insurance company or being
outsourced to an information technology (IT) company, the insurance company has to bear the costs for the
customised development.

Furthermore, it has to be considered that the envisaged context-aware service could imply competition
with companies outside the insurance industry because, in recent years, developments in security solutions for
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works of art have emerged on the market, offering theft prevention and asset tracking solutions. However,
these solutions were developed for museums and similar institutions with a security infrastructure and security
personnel. Therefore, these are doing well by being based on active ultra-long-range RFID technologies, which
only allow for tracking within buildings that are equipped with a complex RFID architecture. Consequently,
these solutions cannot be compared directly to the proposed solution.

Finally, valuation challenges exist in estimating the system’s benefits prior to its actual implementation.
The challenges for determining the tangible benefits of the context-aware system ex ante relate to the inability to
identify the probability for recovering stolen items, the reduction in damages due to environmental conditions as
well as determining the potential increase in customer loyalty and brand awareness that is hoped for as a result
from such a product offering. Measuring the value of the context-aware service after it has been implemented
should be rather straightforward since the recovery rate would be known, which allows for determining the
reduction in settlement payments and, to some degree, the increase of customer loyalty.

Insured Customers. From the perspective of the owners of high-value items, a basic requirement for
the success of the context-aware system lies in their willingness to have their high-value items tagged which,
however, may constitute a major barrier to them. From a financial perspective, though, the investment in tags
and base station are quite low; still, it has to be decided whether the customer or the insurance company will
pay for them (or how costs should be split).

Online Tracking Provider, Art Loss Registry, and Interpol. The online tracking provider, the Art
Loss Registry, and Interpol do not have to directly contribute financially, but they need to provide their services
and show some commitment to keep them alive. In case of a cooperation with police departments and/or a
security company, these institutions may have to upgrade their systems and use recent RFID-, camera- and
Internet-enabled mobile devices.

4.7. Feasibility Analysis. Next, the feasibility with respect to required contributions and investments
for the realisation of the context-aware service will be investigated.

Insurance Company. An insurance company has to invest in reshaping its existing systems in order to
achieve a smooth integration with the envisaged context-aware service. Under the assumption that it will be an
insurance company that ultimately will drive the implementation of the business idea, the necessary commitment
can be expected, because anticipated benefits are higher than projected costs and risks. Furthermore, insurance
companies are under pressure to develop effective measures for controlling claim costs.

With respect to implementation, several challenges need to be overcome. The miniaturisation of GPS
modules is technically feasible, although price may be an issue. Further, security concerns exist with respect
to RFID; guaranteeing RFID security, thus, remains a challenge [19]. The availability of skilled staff for
the development of the base station and the backend system can also cause problems in the realisation of
the context-aware service. Then, assisted-GPS technology [24] has been introduced to enable indoor location
capabilities, but these do not guarantee availability or accuracy of the coordinates. The issue could be resolved
through the combined positioning capabilities of the Galileo Positioning System and more advanced cellular
networks. An indoor positioning system (IPS) would be an option, but it does not comply with the international
standard ISO/IEC 24730 on real-time locating systems (RTLS). Moreover, the validation of the required RFID
transmission range within different building types constitutes another challenge. This will be particularly
difficult in historic buildings due to the notoriously thick walls. Furthermore, burglar may scan RFID tags
using an advanced custom-built RFID antenna which would pose problems with trustworthiness and system
security.

Finally, estimations concerning the initial developing efforts for the backend system are tricky without
knowledge on the actual system infrastructure at the insurance company. Accordingly, evaluations can only be
based on experience and rough estimates. Costs therefore have to be assessed on a case-by-case basis with a
thorough understanding of the underlying I'T architecture.

Insured Customers. The owner of a high-value item is likely to adopt this novel form of monitoring
because of the significant financial value and the high emotional value of the items. However, there could be
a psychological barrier for them to apply a tag to such a highly valued item. Basically, there are two options
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for installing a tag, either as part of the highly valued item or attached to its container. If installed as part of
an item (for instance, drilling a small hole in a statue, placing the tag, and restoring the hole professionally; or
sticking a tag non-detachably to the back of a painting), a potential thief could not remove the tag from the
item without damaging the item. However, even when the installed tag is invisible, it alters the item, which may
cause a devaluation in case of resale. If the tag is attached to an item’s container, the item remains in its original
condition, but a potential thief may easily withdraw the item from its container, making the precautious tag
instalment ineffective. In essence, there is a trade off between ‘effective instalment, but compromising the item’
versus ‘preserving the item, but the instalment may potentially be easily circumvented by a thief’. Compared to
the improved likelihood to recover stolen items and to avoid damages by the environment, this barrier should,
however, be easy to overcome.

Online Tracking Provider, Art Loss Registry, and Interpol. We assume that the online tracking
provider, the Art Loss Registry, and Interpol would participate in this context-aware service, since they do not
require any investment, because they have their services ready to provide.

4.8. Cost-benefit Analysis. Costs (as well as their trends) for necessary technical components may be
derived from data being available for similar components used in existing asset tracking systems. Cost estimates
for the software components used in the base station turn out to be more difficult. Two assumptions regarding
their costs have to be made: We assume that the software must be custom-built which requires highly skilled
programmers and that GPRS and RFID or sensor filtering software will be available as software components
and, thus, require only simple configuration and/or low modification efforts.

Further estimates are required to determine the potential economic valuation of the proposed solution,
assuming that a single insurance company will invest into the development and installation of the system.
Assuming an equal market share distribution for the top three insurance companies in a country, an approximate
claim settlement payments per year can be calculated. Considering an estimated growth rate of, for instance,
ten percent for theft incidents and a time frame of five years, the break-even can be estimated. Table 4.6 lists
the identified cost drivers including the estimates that are necessary for an evaluation.

TABLE 4.6
Overview on cost drivers and estimates

Cost Drivers Estimates
Semi-passive RFID Tags inclusive Sensors Number of Customers
Base Station (RFID Reader, GPRS Module Average Number of Tagged Items per
and Software Component) Customer
Backend Application Server Hourly Cost of Installation
Database and Storage Server Development Cost per Person-day
Software Development (Base Station) Discount Rate
Software Development (Monitoring) Theft Growth Rate

Software Development (Frontend)
Personnel (Installation)

Strauss et al. [27] recommend scenarios for such an economic evaluation. Following this approach, we
developed the four scenarios depicted in Tab. 4.7 for which we distinguish between pessimistic and optimistic
parameters concerning the value of the novel service (e.g., costs and tangible benefits) as well as between
aggressive and more conservative assumptions with respect to the customer base or the number of insured
high-value tagged items.

All costs for hardware development and installation have to be included in the evaluation. A difference of
roughly fifty percent between pessimistic and optimistic values can be chosen to account for extreme conditions.
Software development efforts are estimated assuming that the software is customised, the development can be
split for the base station, monitoring, and portal software components, and the fees do not exceed standard low-
cost programming fees charged by Eastern European system integrators. Integration efforts have to be excluded
at this point, due to the lack of information with respect to existing systems. Assuming a standards-based
service-oriented architecture IT infrastructure, the development of the necessary interface and service elements
could be considered part of the estimated development efforts. Additional backend hardware components
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TABLE 4.7

Systematic scenario development

Value

Pessimistic

Optimistic

Quantity

2 | Scenario I Scenario II

% Costs — high Costs — low

g Tangible Benefits — low Tangible Benefits — high
Z | Customer Base — small Customer Base — small
8 Number of Items — few Number of Items — few

o | Scenario III Scenario IV

E Costs — high Costs — low

§ Tangible Benefits — low Tangible Benefits — high
8 | Customer Base — large Customer Base — large
<< | Number of Ttems — many | Number of Items — many
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are required, which may include up to two application servers and four database (i.e., storage) servers for
the monitoring and portal components. Server hardware costs may be based on current market values given
relatively stable price dynamics.

For the context-aware insurance service, a professional appraiser would determine the value of each high-
value item. Including initial training, the appraiser could tag the items and install the base station. The
installation cost per customer depends on the number of items per customer, the hourly wage of specialists for
the appraiser (based on the level of the country where the items are located, as installations have to be made on
site), and an estimated time frame between five and twelve hours for installation of the system at the customers
site. Furthermore, the recovery rates of stolen items have to be estimated.

Additional variable costs may include maintenance for further software development, system support, em-
ployee training, and mobile data communication charges. Mobile data communication charges depend on the
amount of information being transmitted. The base station would require more information being sent at less
frequent intervals while the GPS tracking module would send less information more frequently. Based on calcu-
lations from existing systems a GPS tracking node transmitting its location every ten seconds, 24 hours a day,
seven days a week would amount to a total data volume of less than ten megabytes per month per item [12].

Combining the above estimates in the four different scenarios with the internal variables of an insurance
company allows for the quantitative evaluation of a specific real-world business case.

5. Conclusions. So far, the potential of context-aware computing has been recognised only in a few
industries such as manufacturing or retail in which some context-aware applications have been introduced. In
several other industries, however, context-aware computing has experienced just very limited exposure yet. This
paper discusses how the innovation potential of context-aware computing can be introduced to these industries
by following a rather business-oriented instead of a technology-driven approach. To this end, we introduce a
novel procedural framework that is key player-centred and allows for identifying the value of context-aware
services. Based on a case study from the insurance industry, we have demonstrated the applicability of the
framework with respect to a context-aware service for wireless monitoring high-value items, such as paintings,
sculptures, or antiques. This service includes the surveillance of high-vale items, including tracking their location
and environment conditions. As required in a multi-sided market, the realisation of this context-aware service
is beneficial for each involved key player, i.e., the benefits are shown not only for the owners of high-value items,
but also for insurance companies and further stakeholders.

This work thus contributes to the fields of context-aware computing and services innovation on emerging
computing and communication systems in three ways: Firstly, the paper proposes a key player-centred frame-
work that is predominantly business-value-driven and, thus, is more suitable for industries such as the insurance
industry. Secondly, we discuss a context-aware service that involves several key players, and that provides a
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viable solution to the immediate threats confronting insurance companies. Their customers would benefit from
an increased protection of their high-value items. Furthermore, a potential reduction in premium prices could
be realised due to a network effect of overall reduced risk. From the viewpoint of the customer, the relationship
between insurer and customer may shift from traditional paymaster to a problem-solving, trust-worthy helper.
Both, insurer and customer, would benefit from an improved quality of service. Thirdly, from a methodological
point of view, the solution has potential of being readily adopted by market players. Experience has shown that
the full potential of a context-aware computing solution can be effectively determined through the development
of a pilot project. Pilot projects support the understanding how context-aware computing solutions may effect
revenue and cost of business, and allow for detailed, quantitative business case evaluation. Furthermore, pilot
projects may assist in determining how potential users perceive the benefits of the system, and whether or
not they have reservations due to possible privacy implications or psychological constraints (e.g., for having
high-value items tagged).

Future work will focus on the development of a real-world business case. Researchers are encouraged to
apply the suggested framework in various industries to identify new, valuable business cases. Concluding, it will
be interesting to see to what extent companies will ultimately embrace the technology and use it as a means
for their differentiation from competitors on the market.
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