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Abstract The advancements in mobile, wireless and positioning technologies have
enabled applications and services such as route guiding and emergency call-out as-
sistance. These and other similar services have become known as ‘location-based
services’ (LBS). The literature on LBS development and deployment addresses tech-
nological issues (for example, usability and integration) and issues related to LBS
implementation—including LBS business models, adoption and customer concerns
and requirements. In the study presented here LBS development and deployment
were investigated from a case study perspective and the LBS landscape is explored
and analyzed. The study finds that while the regulatory environment has played a
critical role as a success factor in the markets investigated some of innovative busi-
ness approaches may have been equally important as customer demand generators.
Economies on the road to deploying LBS should therefore focus on creating a sup-
portive environment encouraging the development of services, which meet the iden-
tified needs and requirements of the target customer market.

Keywords Mobile services - Location-based services - Location-aware services -
LBS - Case study

1 Introduction

Location-based services (LBS), which integrate wireless technology, positioning

technology, and location information management, have a significant potential to im-
prove existing public services such as emergency related ones. LBS can be also used
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to offer new commercial services such as tourist guidance, and thus to open new rev-
enue streams for providers of location identification data and location-related infor-
mation [1-4]. Examples of applications where LBS have been successfully deployed
include emergency caller location identification, vehicle fleet management, mobile
yellow pages, route finding. Detailed classification of mobile services including ex-
amples of LBS can be found in [5]; a comprehensive review of the technological
aspects of LBS is provided in [6] where a set of requirements towards the design of
LBS are proposed and discussed.

Three important factors influence the development of new LBS applications. First
a range of science and technology developments are involved and need to be inte-
grated [7]; second LBS deployment needs to follow a business model meeting the re-
quirements of the potential customer market [8]. Finally, the regulatory environment
in the deployment area needs to be taken into account [9]. Subsequently, current aca-
demic research in the area of LBS focuses on business models and user related issues
(e.g., customer acceptance, personal information privacy, service usability, service at-
tractiveness to customers and other end-users), and on LBS applications and enabling
technologies. Based on a literature review of works exploring LBS in the context of a
country (the USA, Japan, South Korea, and New Zealand) or a geopolitical entity (the
European Union—EU), this article attempts to map the stages of LBS development
and deployment and to propose a generic LBS development roadmap model under-
pinned by an understanding of the factors driving LBS demand and adoption, and the
issues related to LBS implementation.

The rest of the article is organized as follows: The next section introduces an LBS
reference framework based on a literature review, and is followed by a section de-
scribing the research approach. The last two sections present the findings, analyze
their implications, outline the limitations of the study, and suggest directions for fur-
ther research.

2 Background

Contemporary LBS are also known as ‘location-aware services’, ‘wireless location
services’, ‘mobile location services’ and can be viewed from different perspectives,
including mobile telecommunication systems, location-aware technologies, handheld
mobile devices, and software applications [10]. LBS are also related to the use of the
Global Positioning System (GPS) (a satellite positioning technology enabling the lo-
cation of people and objects) and other similar systems, and to information service
applications such as Geographic Information Systems (GIS), which include databases
populated with spatial location data. Based on [11] for the purposes of this article LBS
are broadly defined as applications, which provide an information service related to
and dependent on the location of the mobile customer—for example emergency call
user location, or location related information to travellers. The scope of LBS con-
sidered here excludes indoor technologies such a Bluetooth and RFID and is limited
to outdoor LBS where the positioning process uses information provided either by
the mobile network or independently by the handheld device (or by a combination of
both) in order to determine the location of the mobile device (and of its user).

@ Springer



Location-based services deployment and demand: a roadmap model 7
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2.1 LBS reference framework

The research adapts and extends an earlier mobile commerce reference model [12] in
order to create the data gathering and analysis research framework. The framework
links together four major components related to LBS development and deployment:
Infrastructure, interface, business, and customers (Fig. 1).

The ability to provide information about geographic location is a defining feature
of LBS therefore the corresponding mobile business service model is built around
providing information requested by the mobile customer and dependent on their geo-
graphic location at the time of the request. As in other mobile commerce applications,
in the case of LBS infrastructure comprises supporting technologies. However the
handheld device (usually a mobile phone or a PDA—Personal Digital Assistant) may
need to have a positioning capability depending on the technology used for position-
ing. Interface includes a ‘positioning” component, which is specific for LBS: In LBS
a positioning process is needed to obtain and process location data generated by the
mobile device or the mobile network, and determine the mobile customer’s position.
Business includes location data provision (i.e., processing the request for location
data needed by a specific mobile business service), and location-related content pro-
vision (i.e., sourcing and maintaining the location-dependent information needed by
the mobile business service).

Demand and adoption by customers refer mostly to mobile business service adop-
tion (i.e., to the business component of the framework) as the role of the infrastructure
and interface is transparent; still some factors influencing adoption are also related to
the infrastructure and interface components, for example the accuracy of the position-
ing may affected the relevance of the information received by the customer. Some of
the issues related to positioning functionality and its significance for the LBS value
proposition are discussed below.

2.2 Positioning component

For outdoor environments, the positioning process normally uses either a satellite
positioning system such as GPS, or the mobile telecommunication network, to which
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the mobile customer is connected. [Satellite positioning systems are independent of
the mobile telecommunication networks.] Currently, a number of outdoor positioning
technologies are used (Fig. 2). The network-based ones such as Cell-ID, Enhanced
Cell ID (ECID), Angle of Arrival (AOA), and Time Difference of Arrival (TDOA) use
mobile network data to determine the geographic position of the mobile device. The
most widely handset based technology is GPS. Hybrid technologies such as Enhanced
Observed Time Difference (E-OTD) and Assisted GPS (A-GPS) use both approaches.
As seen in Fig. 2, positioning technologies differ in terms of the accuracy of the
geographic location data they provide. The more advanced technologies are more
expensive to deploy while some may be restricted in their usefulness as they require
line—of-sight (e.g., AOA, TDOA). Handset and hybrid technologies (e.g., ECID, GPS,
E-OTD, A-GPS) may also require significant handset modification [13].

2.3 Location value

According to their business type and from a customer perspective LBS can be clas-
sified as: emergency, navigation, information or information/entertainment (infotain-
ment), advertising, tracking, and billing [14—16]. These services obtain user location
data using one of the methods mentioned above and normally incorporate additional
information content relevant to the location of the mobile customer. The service value
proposition is based on the expectation that customers will be attracted by an LBS,
which is customized to take into account and relate to their geographical location.

Further in the text the term ‘location value’ is used as a reference to the value added
to a service by making it location aware as described here. The location value brought
to the customer by a specific LBS is created through an appropriate business service
model incorporating the use of a positioning technology. Location value contributes
to the perceived quality of the particular LBS and to the effectiveness of the respective
business model. It is therefore important to be able to measure location value. Two
characteristics may be used for the purpose: i) the accuracy of the positioning, and ii)
the quality of the location dependent information content of the service.

As shown in Fig. 2, GPS and A-GPS are the most accurate. Therefore services
based on A-GPS such as providing directions (a navigation service) and routing
emergency calls (an emergency service) would be expected to be among the most
valuable LBS from a customer perspective. Services based on TDOA/OTD (lower
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accuracy technologies) such as traffic management and travel services (navigation),
personnel tracking (tracking), and mobile searchable directories (information) may
be less valuable as the positioning component is less accurate. Low accuracy services
using Cell-ID (e.g., location-sensitive billing, vehicle tracking) are among the least
valuable services.

As the quality of the location dependent information content of a service may
vary with the deployment environment it is extremely important to understand what
customers require and expect in order to identify the most suitable positioning tech-
nology and the respective LBS business model [17-19]. While the degree of location
data accuracy may contribute to a positive perception about the quality of the service,
other factors may also influence customer perceptions. For example, the perceived
over value of the service may also depend on its perceived usefulness, its relevance,
and the reliability of the location dependent information. Location information con-
tent quality may also depend on the service design, and on the quality of the informa-
tion provided by other systems (e.g., street maps). As contributors to the quality of the
location dependent information content all of the factors identified so far may play
a critical role in discouraging or persuading customers to adopt and use particular
LBS. Some of the issues related to location value and customer demand and adoption
identified in prior research are discussed in the next subsection.

2.4 Issues related to location value and customer demand

A number of issues across all components of the LBS framework have been identified
in the prior work reviewed. If not addressed these issues may impact negatively on
the location value and thus become detrimental factors to LBS adoption and customer
demand growth.

Issues related to infrastructure and interface includes reliability, time, and interop-
erability. As mentioned, positioning accuracy can be used as a measure of location
value. Coupled with accuracy is the reliability of the derived location information,
which similarly to accuracy is highest for A-GPS based services [20]. An issue re-
lated to accuracy and reliability is the time needed to determine the position; another
issue is the use of different positioning technologies across the different mobile net-
works customers may be connected to.

Issues related to business include information currency and customer privacy. Lo-
calization is considered as a unique dimension of the value proposition of mobile
business [21]; however the information sent to a customer who is using an LBS needs
to be up-to-date and relevant to the customer’s geographic position. Thus the cur-
rency of the location dependent information affects the location value brought to the
customer and may play a significant role in making LBS attractive to customers and
end users. As location-sensitive information (e.g., travel and routing information) can
change very often, keeping the LBS content accurate and up-to-date is essential for
the quality of the service [22, 23].

Personalization is another important dimension of LBS [24]. However maintain-
ing location privacy may be essential for users receiving personalized location based
information. Customers may have expectations of privacy protection and would also
expect assurance that their personal data exposure is controlled, with mechanisms
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in place to provide identity protection as well [25-27]. In some countries legisla-
tion such as general data protection acts provide a level of customer privacy protec-
tion [28]. In addition it is also necessary to prevent customers from being illegally
tracked [29]. An issue may arise with the legality of a service using location data
tracking (e.g., monitoring a child’s or an elderly person’s activities) as such use may
result in possibly illegal or unethical restriction of the tracked subject’s activities [30].

Finally research results in the area of acceptance and adoption of LBS by private
customers and business end-users has identified factors positively affecting the mo-
tivation to use LBS, which may also lead to increased customer demand. Perceived
LBS usefulness may be highly correlated with the level of geographical accuracy
however in order to stimulate customer demand advancements in localization tech-
niques need to be informed also by a better understanding of what motivates LBS use
and how customer perceptions about the quality of LBS are formed [31, 32].

Usefulness along with useability, efficacy and accessibility can be grouped to-
gether as determinants of service quality, while customer experience and customer
awareness of the services available (service awareness) constitute a second group
[22, 24, 33—41]. Service quality factors depend on the accuracy and relevance of in-
formation, and on the ability of the service to address the needs of the customer in a
timely and effective manner. However customer and provider perceptions about the
quality of a service may differ [42]; therefore fine-tuning a service and the related
business model to identify and meet specific customer requirements may take some
time before customer become aware of the potential of the service and start to de-
velop positive experiences with it. Thus demand may be expected to grow as users
develop an appreciation for the new service [43].

A major detractor to LBS adoption is the privacy factor namely customer concerns
about the use of personal data [44]. The ability to control a service (e.g., deactivate
it) along with improved regulation providing effective enforcement of laws and reg-
ulations protecting privacy and governing the use of personal data including location
may be able to address these concerns [22, 26, 27, 33, 35, 36, 45].

Finally, service cost may also become a negative factor [21]; however customer
satisfaction with the value added by high quality LBS, which also provide users with
means to exercise discretion in revealing location and other personal information
to third parties should improve the LBS value proposition and generate demand by
customers who are aware of the service potential and/or have experienced it [4, 5].

3 Study approach

The study presented here is based on the premise that an investigation of the current
LBS landscape may help understand better what makes LBS attractive to customers,
and inform future research and development in the area, The primary study goal is
to derive an explanatory model for LBS development and deployment and to provide
recommendations to relevant stakeholders including the information and communi-
cations technology (ICT) industry, and academic researchers. The following question
guides the work: What are the main driving forces behind LBS development and
customer demand?
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A multiple case study approach was chosen as a research strategy, as especially
suitable for the exploration, classification, and hypothesis development stages of the
knowledge building process [46]. Data collection was carried through a literature and
document survey. The sources include published academic research, industry reports,
and miscellaneous publications such as newspaper articles and white papers.

Data collection units were selected from amongst highly industrialized coun-
tries/geopolitical entities, and include first the USA, the EU, Japan, and South Korea,
which are the subject of a number of comparative studies in the area [31, 47-49].
These units may be considered as cases of global leaders in LBS services deployment
and provision. For example, advanced technologies such as GPS have been used for
some LBS in the USA where the local legislative environment has contributed signif-
icantly to their development. The EU is an active promoter of the GSM technology,
which at present is the most popular mobile system standard and accounts for 82%
of the global mobile market [50]. Japan is arguably the most advanced country in the
world in terms of overall LBS adoption as indicated by the large body of Japan-based
or Japan- oriented research. South Korea, which compares to Japan in its strong fo-
cus on innovative and emerging technologies has ‘leapfrogged’ into building superior
LBS infrastructure and services [48, 51].

New Zealand is among the 30 OECD member countries and was ranked No 18 in
terms of broadband use, i.e. relatively close to that of US (No 15), to Japan (No 17)
and also to nine EU countries [52]. However in contrast to these countries, LBS
in New Zealand are neither widely available nor popular. Therefore including New
Zealand as a fifth data collection unit allows to facilitate a comparison within a group
of highly industrialized countries, which have reached different levels of LBS devel-
opment and spread, and identify directions for future LBS development.

The study first creates a summary of the data collected about each case apply-
ing the LBS reference framework and including types of LBS available, service and
application scope, mobile technologies used, mobile network market (operators and
regulations), and customer acceptance and adoption. Second, the findings are com-
pared and analyzed in order to identify the factors contributing to increased demand
for LBS and the LBS development drivers.

4 Case data summaries

To address the stated research question the LBS reference framework is applied to
the five data collection units in order to identify the most significant case features
relevant to the components of the LBS reference framework: regulatory environment,
infrastructure/interface, business, and customer demand (Fig. 1).

4.1 The case of the USA
4.1.1 Regulatory environment
In 1966, new legislation was introduced aimed at improving emergency call services,

known as ‘Enhanced 911° (E911). Mobile operators are obliged to provide automat-
ically the caller’s location information in a 911 emergency call situation. The E911
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specifies the required levels of accuracy and reliability: for 67 percent of calls the re-
turned location should be within 50-100 meters of the true location (for handset based
and network based positioning respectively), and within 300 meters for 95 percent of
all calls. The compliance deadline was extended to 2005; some financial incentives
to operators were also provided. The E911 legislation has determined to a significant
extent the choice of positioning technology made by mobile network operators as
high accuracy is needed to support emergency services [9, 53, 54].

4.1.2 Infrastructure and interface

A relatively small number of wireless carriers/operators dominate the wireless car-
riers mobile network market place (among them Verizon Wireless, Cingular, Sprint
Nextel). The technologies deployed support LBS [55]. Non GPS-compatible hand-
sets are gradually phased out [56]. Third party business partners provide additional
location-based services (e.g., the electronic maps service offered by Rand McNally).
LBS are reliable and accurate due to the compliance with the E911 legislation. The
positioning technologies used are almost without exception A-GPS and U-TDOA
(Uplink-Time Difference of Arrival) [54]. The networks are highly interoperable as
there are only two dominant positioning technologies.

4.1.3 Business

Services provided include emergency (call location identification), navigation, loca-
tion information (e.g., about friends, or points of interest), tracking. LBS develop-
ment and market penetration was positively influenced by the E911 legislation. LBS
are used by companies to enhance business processes such as fleet management. In
addition the wireless carries offer publicly available commercial LBS (route discov-
ery, navigation, directions, maps, fleet management, people finder, property manage-
ment). Applications are developed to provide static as well as dynamic (most current)
information.

4.1.4 Trends in customer demand

As seen the E911 compliant infrastructure offers a ready platform for implement-
ing commercial and public LBS however the service supply process is considered
to be relatively slow [9, 32]. Future growth in LBS is predicted to reach 1.1 million
subscribed devices by the end of 2010. New applications continue to emerge, for ex-
ample the location-enabled enterprise, and public sector LBS [57]. An example of a
transportation planning service meeting identified customer needs is reported in [37].
The service targets a specific socio-economic group (low income) and is likely to be
in demand even though the service design may raise some personal safety issues. The
results of an empirical study also confirm that despite issues related to personaliza-
tion (privacy concerns) users will be likely to adopt LBS provided that they find the
services ‘useful’ [58].
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4.2 The case of the EU
4.2.1 Regulatory environment

In EU the implementation of policies creating an open internal environment have
given a strong position to the few handset manufacturers who dominate the European
market; dissimilarly the majority of the network operators tend to focus on national
markets with several large companies (e.g., Vodafone and Orange ) operating in a
number of European countries [48]. In 2002 the EU Commission passed Article 26,
a directive on universal service and user rights relating to electronic communication
networks and services. Members of the EU were asked to develop national regulations
to enforce the automatic positioning of emergency calls and the subsequent routing
to the single emergency call number 112 (E112). No positioning accuracy level and
no implementation deadline were specified [59].

4.2.2 Infrastructure and interface

There are a large number of mobile and wireless operators across EU member coun-
tries, which may have different preferences in the choice of positioning technology
although GSM seems to be dominant. While E112 requirements can be met by several
different positioning technologies (Cell-ID, U-TDOA, A-GPS, E-OTD), the hybrid
A-GPS approach has emerged as the most preferred technology due to its accuracy
and reliability.

4.2.3 Business

A number of LBS are currently represented on the market, including for example lo-
cation based discount billing. LBS are also available through portals such as i-Mode
(operating in Europe through collaborative arrangements between NTT DoCoMo and
some European operators), and Vodafone Live! With the major network operators ac-
tively promoting LBS, LBS deployment has been relatively successful and has gen-
erated customer demand, with a number of applications offering dynamic content [4,
48, 60]. It is expected that the location technology industry will take advantage of the
increased investments in the public safety sector [61]. Predicted growth in 2010 is 18
million LBS users, with almost 50 percent of them using navigation services [62].

4.2.4 Trends in customer demand

The still slow pace of mobile services adoption in the EU may be attributed to the fact
that mobile services have been developed to take advantage of technology pushed on
to the market but not have been necessarily based on an understanding of customer
needs and customer adoption behavior [63]. While services such as personal naviga-
tion (e.g., the NAVI programme in Finland) still target the mass market [64], studies
have started to focus on identifying the needs of specific customer segments. Exam-
ples include elderly users [38, 65], the educational sector [33, 66], and the tourist
industry [45]. Demand for LBS is predicted to grow but only if the service design
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and deployment meet specific quality of service requirements such as usefulness and
useability (for the elderly and for people with limited functional capacity), service
accessibility across networks (for students), efficacy, or real-time information (for
tourists). The factors negatively affecting customer demand may also be specific: For
example cost may be an important issue with the elderly limiting LBS affordability
while students and tourists may be concerned mostly with security issues and privacy
control. Work on identifying the differences between the target customer groups and
on studying how location information content adds to the value of mobile services is
ongoing [18, 67, 68].

4.3 The case of Japan
4.3.1 Regulatory environment

In 2002 the Japanese government granted the three network operators licenses for 3G
mobile communication services [48]. In 2004 Japan’s Internal Affairs and Commu-
nications Ministry started working towards the “The Emergency Location Reporting
System”. The system automatically notifies the call’s location when a call from a 3G
mobile telephone/IP phone is made to one of the emergency numbers. Location data
are provided by GPS for GPS-enabled devices. For other types of handsets, the lo-
cation is derived from base station information [69]. The service was set to start as
of April 1, 2007, to be gradually expanded nationwide. There is some legislation in
place to protect location information privacy [47].

4.3.2 Infrastructure and interface

In Japan 3G mobile network are spread nation-wide. The two biggest wireless oper-
ators are NTT DoCoMo and KDDI and have approximately 80 percent of the sub-
scriber market share (the third company is J-Phone). NTT DoCoMo run both 2G and
3G networks however KDDI has a majority market share (95 percent) in the 3G sec-
tor. The positioning technologies are respectively Cell-ID and A-GSM, i.e. location
data accuracy is subject to significant variation [48, 70].

4.3.3 Business

LBS on offer cover the whole range of business applications. Customers interact with
integrated portals such as i-Mode (DoCoMo) and NaviWalk (KDDI). Even though
the initial LBS development driver was technology, the successful business model
of i-Mode generated strong customer demand. Distinct business models have been
developed for three application deployment categories: carrier-hosted applications,
mobile-station hosed applications, and provider hosted applications. The use of dy-
namic content is relatively high [71].

4.3.4 Trends in customer demand
As reported in the literature both younger and older customers use LBS [49, 72].

The availability and the affordability of the infrastructure are expected to boost fur-
ther customer demand for LBS. The high level of customer acceptance of existing
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services has motivated research into the design of a next generation of personalized
and specialized services building upon already popular and accepted LBS. Examples
include intelligent map reconstruction enabling users to browse the map screen re-
flecting their ‘inferred intentions’ [73], personalized LBS offering a ‘place-enhanced’
blog integrating a blog with a personal spatial information management system [74],
and mobile geographic information services for individual customers [75]. Building
upon demand for existing services the new LBS to appear will not be so much fo-
cused on meeting already identified requirements but will aim to increase location
value by expanding the limits of ‘what is possible’ with strong context relevance and
enhanced personalization [63].

4.4 The case of South Korea
4.4.1 Regulatory environment

The policy development in the telecommunications area encourages integration and
collaboration between government and industry with the establishment in 2003 of
the LBS Industry Council encompassing all LBS related industries [76]. With the
support of government initiatives and public promotion to the public, South Korea
became the first country in the world where mobile subscribers outnumbered fixed
line subscribers [77]. One of the four services developed by the Korean National
Emergency Management Agency (NEMA) under the umbrella name U-119 is emer-
gency caller location identification using GpsOne™—a positioning system built into
handsets. A number of acts protect privacy rights and regulate electronic and mo-
bile commerce, including the Protection of Location Act. Work on regulating LBS
provision and dealing with issues such as privacy related to third party person track-
ing services, and to emergency situations such as fire or a medical emergency are in
progress [78, 79].

4.4.2 Infrastructure and interface

The South Korea mobile network market is dominated by three major mobile phone
operators: SKT (South Korea Telecom) has about 50 percent market share, followed
very closely by KTF (Korea Telecom Freetel) and also by the relatively smaller LGT
(LG Telecom). The dominant positioning technology is A-GPS, with the widely de-
ployed GpsOne™ providing accuracy in the 50 meter range [80]. Government poli-
cies also support network convergence: a service driven approach where operators
are licensed to offer services based on connecting existing wired and wireless net-
works [81, 82].

4.4.3 Business

Typical mass market LBS include friend and point of interest finding, map and di-
rectory services, and different types of navigation services. Specialized services in-
clude AngelEye—a commercial tracking service for children and the elderly [83].

Another area of development of specialized services is telematics, which provides
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drivers with up-to-date information about traffic and security, and with navigation
support. Telematics services continue to expand to enable remote vehicle diagnos-
tics, fleet management, wireless Internet access and other services using multiple
networks and information systems [84].

4.4.4 Trends in customer demand

As indicated LBS are well developed and actively promoted. Customers have ac-
cepted the mobile phone as a vehicle for mobile commerce activities and have ex-
perienced and subsequently adopted the services on offer, which are also affordable
[85]. Future demand may evolve around highly personalized and specialized services,
also taking into account culture related consumer behavior—for example a preference
for infotainment services [49, 85]. Future LBS may be also as part of multi-network,
multi-system portals such as WiBro, which are available to the user whether on the
move or stationary [81]. Portal availability made possible by the cooperation between
the actors in the mobile network value chain will motivate further content and service
development with a focus on innovativeness, quality of service, and consumer pref-
erences [48, 76, 86].

4.5 The case of New Zealand
4.5.1 Regulatory environment

At present there is no legislation regulating the servicing of emergency calls placed
from devices connected to the mobile telecommunication networks, or specific legis-
lation addressing the privacy of location information and the conditions of its use.

4.5.2 Infrastructure and interface

Two operators currently dominate the mobile market—Vodafone New Zealand and
Telecom Mobile [87]. Vodafone deploys a primary location technology (Cell-ID) able
to support some LBS [88]; Telecom Mobile is expected to acquire positioning capa-
bility compliant with the 3GPP standard TS23. 271 by the end of 2010 [89].

4.5.3 Business

At present, only a few location-based services are available. Vodafone provides
SmartFind—a subset service of Vodafone Live! for 2. 5G and 3G networks.
SmartFind has a well-developed range of searchable locations including community
features such as schools, libraries, and businesses [90]. Both Vodafone and Telecom
provide fleet management to businesses, using an additional GPS device [91, 92].

4.5.4 Trends in customer demand
A number of studies identify the potential and opportunities offered by LBS services

in the New Zealand tourism industry [93-97]; the specific customer needs and op-
portunities for further development of LBS for tourists were studied in [98]. The use
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of mobile services including LBS in the real estate industry has been investigated
through a user survey in [99]; the findings indicate that despite the availability of
technologies such as smart phones and the possibility of using mapping applications,
the respondents were using their mobile phones almost exclusively for voice com-
munication. The authors suggest that the particular culture of the real estate agent
profession (with has a strong emphasis on the personality of the agent) may be a bar-
rier to adoption, also coupled with a perception of mobile services being too ‘risky’.

Although the LBS adoption potential is significant offerings are limited, with
customers/end-users reluctant to accept the value proposition and may be even un-
aware of it. However as technology gradually transforms people’ lifestyles [100] it
may be expected that LBS with relevant content and an acceptable delivery method
may gain popularity and generate demand for innovative services such as providing
seamless information access across mobile information systems based on the location
and the information needs of the mobile user [95].

The LBS occurrences identified in each of the five cases discussed above are sum-
marized and classified in Table 1 including the type of location technology used, the
type of the service (commercial, private, emergency), the type of the location infor-
mation used (static or dynamic), and the level of presence of LBS relevant legislation.

5 Findings

A comparison of the findings across the case studies allows addressing the research
question and identifying some of the driving forces behind LBS development and
customer demand. It is evident that in Japan, South Korea, the EU and the USA
LBS have already achieved initial market penetration. There is also evidence to sug-
gest that LBS demand may have become sufficient to motivate further development
and deployment. However there are noticeable differences in the spectra and type
of LBS offered, in customer awareness and customer demand, and in the degree of
personalization and specialization of LBS. South Korea emerges as a leader in LBS
deployment, with services targeting both mass and specialized markets and with an
established customer base. In contrast New Zealand lags behind in LBS develop-
ment. The section provides further analysis following the framework used to present
the case data and proposes an LBS development roadmap model.

5.1 Regulatory Environment

Generally LBS related legislation focuses on two issues—the use of LBS for public
safety and protection (e.g., emergency caller location), and the protection of personal
privacy and rights. The USA, Japan and the EU have already legislated for mobile
emergency services and thus given a ‘push’ to the development of applications using
location information. South Korea has made a similar move relatively recently, after
LBS have been already established on the market.

With regard to legislation regarding location information privacy, there is some
already in place in the EU, Japan and South Korea. In New Zealand there are no
regulatory requirements with respect to providing location information in case of
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emergency calls, and no specific LBS related privacy protection legislation. Finally,
the governments in the USA, Japan and South Korea have actively supported the
development of the mobile telecommunication industry with incentives to encourage
investment. This has happened to somewhat lesser extent in the EU and even less in
New Zealand.

5.2 Positioning technology

While in the USA, Japan, South Korea and the EU highly accurate and reliable po-
sitioning technologies such as A-GPS have been already adopted by all major oper-
ators, and most customers are likely to own GPS enabled handsets, until recently in
New Zealand only one of the big mobile network operators had had some positioning
capacity at the lower end of the scale in terms of accuracy and reliability (Cell-ID).
Cell-ID is still used also in the EU.

5.3 Business

The spectra of LBS offerings in New Zealand is relatively limited. A prohibitive
factor may be the inadequate provisioning of location information by the networks,
which may mean that all services requiring positioning would need an additional
third party device and thus be costly and inconvenient to customers. In contrast in
the rest of the cases and especially in Japan and in South Korea LBS are available in
many different areas and also include business customers and employees; additionally
LBS are relatively inexpensive. However the EU is different from the rest as it is
composed of different states with different local languages, which may be a barrier to
the provision of services integrated across boundaries. The current trend in the EU,
the USA and in Japan is to develop new services targeting the requirements of specific
customer segments, and to aim to offer superior quality of both service and user
experience. In South Korea LBS are innovatively offered on converged platforms.

5.4 Trends in customer demand

While LBS applications such as directory services and fleet management based on
static GIS information are common there is no evidence that these services generate
sufficient customer demand, and revenue to providers. When services start adding dy-
namic content such as real-time traffic information (used for navigation), their value
to customers increases and may start to generate demand (such services are offered
in all cases except in New Zealand).

Further specialization and differentiation combined with the affordability of the
service has made LBS profitable in Japan and South Korea, with demand predicted to
be stable or to grow. However future growth may not occur if services do not meet the
increased expectations of customers such as being seamlessly integrated with other
systems as shown by the case of South Korea.

Quality of service and customer experience (e.g., usefulness, useability, efficacy
and the ability to open new possibilities) and also awareness emerge as factors pos-
itively influencing customer adoption and as possible drivers of user demand. LBS
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based on accurate and reliable location data, and on up-to-date location related infor-
mation (the EU, the USA, Japan, South Korea) are likely to be perceived as services
of higher quality compared to static services such as ‘yellow pages’ type of directory
services (the EU, New Zealand). In South Korea LBS development and deployment
is aimed at meeting future customer demand for integrated, personalized and lifestyle
oriented services made possible on portals.

Privacy concerns are the major detractor to LBS adoption and subsequent use;
however means to control the use of a service and the protective environment may
mitigate the effect of this negative factor.

5.5 A roadmap model for LBS development

Five determinants of LBS development and deployment emerge from the analysis
above: i) mobile market infrastructure, ii) positioning technology, iii) LBS type and
content, iv) regulatory environment, and v) customer demand. Applying these de-
terminants in order to identify the phases in LBS development in the cases studied
allows deriving a general roadmap for LBS development (Table 2).

The roadmap model consists of four phases. In faze one, LBS are possible. Mo-
bile networks lack good positioning ability, location accuracy is within the 300 metre
range, and the infrastructure cannot provide positioning independently of the hand-
held device. Services are based on static location information; there is a lack of dy-
namic content. Customers are not likely to use LBS unless these are well promoted.
LBS development and deployment may need to be supported by government initia-
tives such as legislation (e.g., emergency services), and/or incentives to operators to
encourage investment (e.g., reduced cost of bandwidth licensing).

When phase two is reached, LBS become feasible. Accuracy improves to a range
of 20-200 metres, with the infrastructure capable of providing independent position-
ing. Services include applications, which return mostly static but also some dynamic
(GIS-based) information, with significant location value to customers. Legislation is
in place to drive the improvement of LBS. Customer demand for quality LBS starts
to emerge however the regulatory environment still may play an important role in en-
couraging long term investment in the infrastructure and in research supported LBS
development.

In phase three, LBS become viable. The well-established positioning network in-
frastructure has a very high accuracy (within 20-50 metres) and provides transparent
interoperability and positioning. Applications can handle dynamic content and capa-
ble to offer precise location dependent information in real time. The location value
proposition made to customers is very strong and appropriate legislation exists both to
drive improvement, and to protect customers. Customer demand gradually becomes
an LBS development driver.

In phase four, LBS are widely used and therefore may become significant revenue
generators. With 3G and above networks and satellite systems provide position infor-
mation of high accuracy. Services are based on dynamically updated content, and are
highly personalized. A number of services are aimed at meeting specific customer re-
quirements and at enhancing customer lifestyle experiences. Customers can exercise
control over the service they use and can actively protect the privacy of their location
information. Customer demand drives further development.

@ Springer



21

Location-based services deployment and demand: a roadmap model

'SOTAIIS
PAIBNUAIRYIP I0] PUBUAP PISBAIO
‘{ssauaAneaouul pue Ayenb uo

Paseq $0TAIAS mau 1dadde [[Im SI9s()

‘uone[ngal
I0pI0Q-$SOID QIS0 "sjoadse pajeor
Kymoas Sunerngar uo ylom SurouQ
“JUSUIISOAUT SUINUNIUOD I0J SOATUSIU]

"SI0OM)U
(12qLIOSQNS) J[IGOW PUE SYIOMIU
ssofoxim o1qnd yjoq Sursn SadIAIRS

(g 9w ur OFTMIVO

wWRISAS AI[[Ies uoneiAeu

[2qo[3 a3 ““3°9) syjuenua §4on mou
Jqissod yaim sar3o[ouydd) NSO-VY

'sa13ojouyo9)
JUQIQJJIP JO OUITIQAUOD)

‘sjuawaIinbar

PaYTUSPI Y)Im s1owoIsnd Jo sdnoid
JIWOU099-01J0S JOJ SIITAIIS PIOUBAPE
/ paziferoads Ay3ry 1dope 03 Apear
‘aouarradxa Jsed £q pajeAnow s19sn)

‘(s1ySur ‘Koearid ‘sa01ATas AouaSIowo)
sj0adse [[e 10A00 0} Uone[sI39[ oy1oads

‘parmbar se paragjo Jusju0d drweukp
pue oness ‘Jurpuedxa auel IIAIS

‘A[iqerar pue AoeIndoe
431y A19A ‘sar3ojouyo9) pul-ySryg

‘s10je19do Auewr J1 udA9 J[qeradorojuy

‘padofaaap 2q 0)

JIe)s KBl SaLNSNPUI 0y10ads 10§ SAOTAING
"10JoB1)ap © 9q Aew isny pue Aoeard
JNOQE © SANSSI ‘puewop SUTALIP J1e)s
Kewr 9014198 Jo Ajpenb pue ssournjesn

*(S921AIIS
Koua3rowd) uone[si3of oyroads swog

*JUQJUOD dTWIRUAP/d1)E)S
AT)SOUI JO XTW € Y)IM SQJTAISS JO dFuel

‘Koenooe Y31y ‘Afiqedes jueoyrusig

-aoe[d ur siojerado
Jo Ayorerary e A[qissod ‘orqeradorojuy

*PAIBTURIIP 10U
SOJIAIRS “I9JJO UO
SQOIAIRS FunSIXd

JO ssouareme Mo

‘uone[sI39|
ogr1oads oN

"SQOIAIOS M3
B JU2JU0D JNEIS

‘Aqedes
pajywty

‘s1ojerado
Kuewr A[qissod
g[qeredo-1ayur

10N

PUBWIAP ISWO)SN))

JUSUWIUOIIAUS
K1ore[n3oy

JUIJUOD
2 0dfy sdT

A3o1ouyo9)
Suruonisod

2Imonns-eajuy

DN KJap1n,, ST
armng

£219V1a,, ST
¢ aseyq

«21q91802f,, Sq'T
T 9seyd

«21q1ss0d,, Sq'T
[ sseyd

JuBUTINO(

Tepour dewpeos v :juawdoroasp ST T dqEL

pringer

A's



22 K. Petrova, B. Wang

6 Discussion

The analysis suggests that at present the USA and the EU have already reached phase
two of the roadmap model and are moving towards phase three: The LBS market in
the EU and the USA is driven both by legislation and by customer demand; the trend
is to search for new types of customer focused services and to develop innovative
applications. Japan and South Korea have reached phase three: In Japan and South
Korea LBS are advanced and especially in South Korea, are driven by customer de-
mand. Phase four is definite possibility for South Korea depending also on the global
economic climate. In contrast New Zealand has reached only the initial phase one
and its progress to phase two will depend on future developments in the areas of the
roadmap model determinants.

It was also found that in the USA the regulatory legislation enforcing emergency
call location played a major role as a driver of advanced positioning technologies
adoption and commercial LBS/applications development. In South Korea, Japan and
in the EU, the regulatory environment also has played a strong accelerating role.
Therefore it maybe concluded that a supportive regulatory environment with respect
to telecommunication networks is as an important driver of LBS development espe-
cially at the initial two phases.

In the cases studied, technology has played a role of an LBS driver only in phase
one, to start up the LBS market. However information content and other aspects of
the service have been the factors affecting adoption, moving the focus of LBS devel-
opment and deployment from technology to customers. For example in Japan and in
Europe the relatively cheap Cell-ID is still widely used allowing more diverse cus-
tomer oriented services to be provided, without necessarily adopting more reliable
and accurate but also more costly technologies [36, 101].

With respect to customer demand of LBS the model suggests that customer de-
mand becomes the driver of wide LBS deployment once LBS have been made avail-
able and customers have become aware of them—i.e., mostly in the second two
phases. Customer use of LBS is likely to increase as the quality of the service in-
creases. With LBS becoming highly specialized and personalized customers will be
likely to adopt LBS which have the potential to enhance customer lifestyle and expe-
rience. The role of personalization as a driver of customer adoption of LBS has been
highlighted in recent research on highly personalized and context-aware LBS appli-
cations including for example customers playing location based mobile games [102]
or participating in location-based mobile learning [103], and a traffic management
support system where the customer can initiate a request for information or share
information with other users [104].

Four potential directions for future LBS development and deployment emerge:
Personalized (and innovative) applications for individual customers (such as naviga-
tion), business oriented applications for individual employees (such as vehicle track-
ing), public services available to all citizens and organizations such as emergency
call management, highly customized services targeting segment groups such as el-
derly citizens. However for a location-based service to be viable and successful the
needs of the customers need to be well understood and met by the design specifi-
cations of the service and the business model [6, 8]. As multiple industry players
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contribute to the quality of service and to the creating of location value, increasing
customer demand will also depend on the degree of collaboration between the in-
dustry participants. While commercial initiative can play a role in driving demand
government regulation may help leverage the LBS infrastructure potential [9].

In developed countries such as New Zealand where LBS development and cus-
tomer demand are low, a boost may be provided by industry specific demand for nav-
igation and routing services from sectors such as tourism [95, 105, 106]. The second
driver (as in the case of the USA) may be the public safety demand for emergency
call location regulation. However upgrading the positioning network infrastructure
may be costly and delay the process significantly.

7 Conclusion

In this study LBS were investigated from the point of network infrastructure, po-
sitioning technology, business applications, and customer demand and concerns. In
order to structure the findings and analyze them the study draws on results reported
in prior work in the areas of user adoption and demand, and supporting technology
including improving the accuracy of positioning. The study proposes and applies an
LBS reference framework in order to present the case data. A four phase roadmap
model for LBS development is derived; it suggests that the driving forces of LBS
development and deployment and their importance may change from phase to phase.

As LBS mature customer demand becomes the most significant driver however
customer expectations about the quality of the service also increase. A positive regu-
latory environment plays an important role as a stimulator to develop and offer LBS
initially. Location accuracy contributes significantly to the quality of LBS and there-
fore is important however customers are likely to adopt even a ‘low tech’ service if
their requirements are met. Advanced positioning technologies are important for of-
fering quality LBS but are unlikely to drive alone LBS development. Customers are
likely to be attracted to LBS by the overall quality of the services and by their lifestyle
enhancing potential including location-based versions of existing applications such as
mobile gaming and mobile learning.

The mapping of LBS development stages to customer expectations and require-
ments shows suggests that customers may adopt LBS based on a less advanced tech-
nology if the service meets specific customer requirements. Therefore customer ex-
pectations about the quality of LBS as well as about their usefulness are likely to
be factors influencing customer adoption of mobile services, and drivers of LBS de-
velopment. The model can be applied to analyze the state of LBS development in a
specific geo-political entity in order to identify its position on the proposed roadmap
and highlight the future trends and possible demand drivers.

The main limitations of the approach are the study scope: only five data collection
units were used, with all cases being developed nations or regions. Further work may
involve studying cases of developing countries, and modelling LBS adoption from a
customer-centric perspective. Directions for further research include the development
of a comprehensive mobile service adoption model, comprising variables to measure
the benefits of location identification and LBS to the customer, and empirical studies
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of the relationships between customer and the players in the mobile service value
chain represented in the model [107].
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